
From: A J
To: Grizzle, Betty
Subject: Re: Snow in Swedish denning site
Date: Wednesday, April 26, 2017 2:49:56 PM

A very young wolverine could have had a January birth. This den is quite unusual and may not
actually be a den. It may have been a place where she moved her kit temporarily on the way to
a new den. So hard to tell with these old accounts. The hunters may have begun digging up a
den and the female moved the kit as a consequence. It is unlikely that she would have kept the
kit there very long.

On Wed, Apr 26, 2017 at 11:50 AM, Grizzle, Betty <betty_grizzle@fws.gov> wrote:
Thanks for sending the photo and den information.  

Just a follow-up to this message.  I noticed in Pulliainen's (1968) discussion of wolverine
dens in Finland, that at least one was reported as not having any snow (pp. 340, 342).  I don't
see an exact date (looks like the roman numerals represent month, so this would be January),
but, from his summary (see below), it appears to be a very young wolverine.

"Den No 25.  I. 1950.  Savukoski, Naltiotunturi. One unsexed blind cub was found at the
butt of a spruce in a spruce peat-bog (about 3 km from the nearest fell). There was no snow
at the butt of the tree. The cub was covered by spruce brush. The lowest spruce twigs were
covered with snow.  Many tracks of a female wolverine were seen around the spruce. (Onni
Mukkala)"

 

On Tue, Apr 18, 2017 at 3:58 PM, A J <222wsheridan@gmail.com> wrote:
Jens is standing just above an occupied wolverine den under boulders; note how little
snow is on the ground and boulders; kits verified on camera; this is in Early March

Sent from my iPhone

-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215

mailto:222wsheridan@gmail.com
mailto:betty_grizzle@fws.gov
mailto:betty_grizzle@fws.gov
mailto:222wsheridan@gmail.com
tel:(760)%20431-9440


760-431-5901 fax

tel:(760)%20431-5901


From: Inman, Bob
To: Grizzle, Betty; 222wsheridan@gmail.com
Subject: RE: Looking for wolverine photo
Date: Thursday, April 27, 2017 10:46:19 AM
Attachments: F121 & Cubs credit M. Packila Montana.JPG

You are welcome to use this one, credit Mark Packila. A female with 2 young from sw Montana. I
have a note out to a guy who has some really good new photos too. We will have a bunch from the
survey if that is of interest.
 
-Bob Inman
 
 
 
Robert M. Inman, PhD
Carnivore-Furbearer Coordinator
Montana Fish, Wildlife and Parks
1420 East 6th Ave., PO Box 200701,
Helena, MT 59620-0701
406-444-0042 (o)
406-570-5326 (c)
bobinman@mt.gov

 
From: Grizzle, Betty [mailto:betty_grizzle@fws.gov] 
Sent: Wednesday, April 26, 2017 12:14 PM
To: 222wsheridan@gmail.com; Inman, Bob <bobinman@mt.gov>
Subject: Looking for wolverine photo
 
Hi Bob and Audrey - I am writing to ask if either of you has a nice adult wolverine photo that
our agency can add to the cover of our Species Status Assessment Report.  We will add a
photo credit, but we need to have permission for its use in our administrative record.  
No rush, however.
 
Thank you,
Betty
--
 
Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax

mailto:bobinman@mt.gov
mailto:betty_grizzle@fws.gov
mailto:222wsheridan@gmail.com
mailto:bobinman@mt.gov




From: Grizzle, Betty
To: Inman, Bob
Cc: 222wsheridan@gmail.com
Subject: Re: Looking for wolverine photo
Date: Thursday, April 27, 2017 10:51:36 AM

Thanks Bob!  Very nice.  I like this one because it also shows their habitat.

On Thu, Apr 27, 2017 at 9:45 AM, Inman, Bob <bobinman@mt.gov> wrote:

You are welcome to use this one, credit Mark Packila. A female with 2 young from sw Montana. I
have a note out to a guy who has some really good new photos too. We will have a bunch from
the survey if that is of interest.

 

-Bob Inman

 

 

 

Robert M. Inman, PhD

Carnivore-Furbearer Coordinator

Montana Fish, Wildlife and Parks

1420 East 6th Ave., PO Box 200701,

Helena, MT 59620-0701

406-444-0042 (o)

406-570-5326 (c)

bobinman@mt.gov

 

From: Grizzle, Betty [mailto:betty_grizzle@fws.gov] 
Sent: Wednesday, April 26, 2017 12:14 PM
To: 222wsheridan@gmail.com; Inman, Bob <bobinman@mt.gov>
Subject: Looking for wolverine photo

 

Hi Bob and Audrey - I am writing to ask if either of you has a nice adult wolverine photo
that our agency can add to the cover of our Species Status Assessment Report.  We will add
a photo credit, but we need to have permission for its use in our administrative record.  
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No rush, however.

 

Thank you,

Betty

--

 

Betty J. Grizzle, D.Env.

Fish and Wildlife Biologist

U.S. Fish and Wildlife Service

Carlsbad Fish and Wildlife Office

2177 Salk Ave, Suite 250

Carlsbad, CA  92008

760-431-9440, ext. 215

760-431-5901 fax

-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax



From: Guinotte, John
To: Kevin Doherty
Subject: Fwd: Update on Wolverine
Date: Friday, April 28, 2017 4:27:46 PM
Attachments: MODIS_Elevation_with_Den_Elevs_May1_June1.png

MODIS_Elevation_with_Den_Elevs_May1_May15.png
SCA_1500-2300mband_MODIS_timeseries_May1_May15.png
MODIS_snowcovered_areas_elevation_and_aspect_analysis.xlsx

Hey Kevin, I haven't looked at this yet. Maybe you and I can regroup on Monday on this. 

John Guinotte
Fish and Wildlife Biologist
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region 6
134 Union Blvd., Lakewood, CO 80228
303-236-4264
john_guinotte@fws.gov
                  

---------- Forwarded message ----------
From: Joe Barsugli <joseph.barsugli@noaa.gov>
Date: Fri, Apr 28, 2017 at 4:12 PM
Subject: Update on Wolverine
To: "Guinotte, John" <john_guinotte@fws.gov>
Cc: Andrea Ray <Andrea.Ray@noaa.gov>

John,

I've still been fighting this respiratory thing off an on -- so haven't been able to work on this as
much as I had hoped.  Candida gave me the spreadsheet by elevation and I produced some
new plots.  I am also attaching the spreadsheet of MODIS snow covered area by elevation
band  and by aspect sector as this will allow more flexibility if you wanted to delve in to this
data at some later date.

Here are some  of the graphics you were interested in for the MODIS analysis.    The Area v.
Elevation plot was redone with two options regarding the calendar date that is  chosen.  IN the
first, "May1_June1"  is as before.   As you suggested, I redid this for May1 and May 15
instead of June1.   There is really only room on this plot for two target dates.  Keep in mind
that this is the MODIS product that only detects the presence/absence of snow. One reason we
chose June 1 initially is that a snow disappearance date of June 1 or later indicates substantial
snow earlier in May (or else the replenishment of snow by snowfall during May).

I am also attaching the spreadsheet of MODIS snow covered area by elevation band  and by
aspect sector as this will allow more flexibility if you wanted to delve in to this data at some
later date.

Joe

mailto:john_guinotte@fws.gov
mailto:kevin_doherty@fws.gov
mailto:john_guinotte@fws.gov
mailto:joseph.barsugli@noaa.gov
mailto:john_guinotte@fws.gov
mailto:Andrea.Ray@noaa.gov


-- 
Joseph Barsugli, Research Scientist III
CIRES, UCB216
University of Colorado Boulder
Boulder CO 80309
303-497-6042
PSD Science Board and
Attribution and Predictability Assessments Team Member









total area elevation May 1
bin 2000 2001 2002 2003

16,750,000 1 1000 4.94 5.44 5.63 2.63
112,562,496 2 1200 62.31 75.63 90.81 43.63
282,437,504 3 1400 201.50 239.38 259.19 166.50
482,312,512 4 1600 405.56 453.25 468.19 373.50
589,437,504 5 1800 525.56 573.56 583.31 519.31
599,312,512 6 2000 555.37 582.75 593.50 564.81
456,375,008 7 2200 419.00 439.50 449.50 433.50
256,624,992 8 2400 235.06 245.00 253.06 246.56

85,687,504 9 2600 80.38 81.88 85.06 83.13
17,312,500 10 2800 16.69 16.19 17.19 17.00

2,125,000 11 3000 1.94 2.00 2.13 2.13
2,441.06 2,633.50 2,711.13 2,406.44

1500-2300 1,905.50 2,049.06 2,094.50 1,891.12

16.75 1 1000 29.48 32.46 33.58 15.67
112.56 2 1200 55.36 67.18 80.68 38.76
282.44 3 1400 71.34 84.75 91.77 58.95
482.31 4 1600 84.09 93.97 97.07 77.44
589.44 5 1800 89.16 97.31 98.96 88.10
599.31 6 2000 92.67 97.24 99.03 94.24
456.38 7 2200 91.81 96.30 98.49 94.99
256.62 8 2400 91.60 95.47 98.61 96.08

85.69 9 2600 93.80 95.55 99.27 97.01
17.31 10 2800 96.39 93.50 99.28 98.19

2.13 11 3000 91.18 94.12 100.00 100.00

total area elevation May 15
bin 2000 2001 2002 2003

16,750,000 1 1000 1.13 0.69 4.06 0.75
112,562,496 2 1200 29.88 23.75 52.50 21.69
282,437,504 3 1400 116.94 103.25 209.50 118.88
482,312,512 4 1600 300.69 295.38 438.94 299.25
589,437,504 5 1800 442.75 478.56 577.00 473.56
599,312,512 6 2000 508.06 551.88 593.00 553.69
456,375,008 7 2200 385.06 423.25 449.44 431.00
256,624,992 8 2400 216.88 237.19 253.00 245.88

85,687,504 9 2600 76.50 81.31 85.06 83.13
17,312,500 10 2800 16.44 16.19 17.19 17.00

2,125,000 11 3000 1.94 2.00 2.13 2.13



2,065.25 2,189.00 2,625.25 2,224.50
1500-2300 1,636.56 1,749.06 2,058.38 1,757.50

16.75 1 1000 6.72 4.10 24.25 4.48
112.56 2 1200 26.54 21.10 46.64 19.27
282.44 3 1400 41.40 36.56 74.18 42.09
482.31 4 1600 62.34 61.24 91.01 62.04
589.44 5 1800 75.11 81.19 97.89 80.34
599.31 6 2000 84.77 92.08 98.95 92.39
456.38 7 2200 84.37 92.74 98.48 94.44
256.62 8 2400 84.51 92.43 98.59 95.81

85.69 9 2600 89.28 94.89 99.27 97.01
17.31 10 2800 94.95 93.50 99.28 98.19

2.13 11 3000 91.18 94.12 100.00 100.00

total area elevation Jun 1
bin 2000 2001 2002 2003

16,750,000 1 1000 0.50 0.13 1.94 0.00
112,562,496 2 1200 8.13 4.44 30.19 5.00
282,437,504 3 1400 34.00 6.69 125.69 25.88
482,312,512 4 1600 125.81 35.25 318.38 125.44
589,437,504 5 1800 275.19 139.12 494.12 283.19
599,312,512 6 2000 382.75 261.00 565.06 424.25
456,375,008 7 2200 301.12 225.25 437.00 345.62
256,624,992 8 2400 166.62 127.19 247.62 196.19

85,687,504 9 2600 61.56 49.31 84.69 70.25
17,312,500 10 2800 14.75 12.19 17.19 16.63

2,125,000 11 3000 1.94 1.88 2.13 2.13
1,363.75 857.87 2,291.88 1,489.56

1500-2300 1,084.87 660.62 1,814.56 1,178.50

16.75 1 1000 2.99 0.75 11.57 0.00
112.56 2 1200 7.22 3.94 26.82 4.44
282.44 3 1400 12.04 2.37 44.50 9.16
482.31 4 1600 26.09 7.31 66.01 26.01
589.44 5 1800 46.69 23.60 83.83 48.04
599.31 6 2000 63.86 43.55 94.29 70.79
456.38 7 2200 65.98 49.36 95.75 75.73
256.62 8 2400 64.93 49.56 96.49 76.45

85.69 9 2600 71.85 57.55 98.83 81.98
17.31 10 2800 85.20 70.40 99.28 96.03

2.13 11 3000 91.18 88.24 100.00 100.00



Den Elevations x-position Den Elevations
1514 0 1514
1807 0 1807
1823 0 1823
1843 0 1843
1851 0 1851
1893 0 1893
1912 0 1912
1922 0 1922
1928 0 1928
1973 0 1973
1977 0 1977
1995 0 1995
2093 0 2093
2252 0 2252
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2000 2001 2002 2003
1-May 1905.50 2049.06 2094.50 1891.12

15-May 1636.56 1749.06 2058.38 1757.50
1-Jun 1084.875 660.625 1814.563 1178.500
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2004 2005 2006 2007 2008 2009 2010
0.50 0.06 2.50 1.88 8.69 3.25 0.69

10.69 6.00 34.13 34.88 101.50 60.13 29.38
57.56 46.81 148.44 127.31 273.50 193.44 121.50

204.81 192.69 360.50 314.00 473.69 422.62 319.31
382.00 383.50 528.12 468.50 583.56 567.69 498.00
494.50 499.75 581.00 553.56 595.63 594.19 567.50
392.81 391.06 441.69 432.75 453.38 454.81 438.88
222.25 215.88 249.44 248.69 253.50 256.19 248.75

78.06 74.44 83.13 83.38 84.88 85.50 84.69
16.38 16.31 17.00 17.19 17.31 17.25 17.06

2.06 2.13 2.13 2.13 2.13 2.13 2.06
1,850.44 1,822.56 2,411.44 2,247.50 2,737.56 2,593.81 2,297.75
1,474.13 1,467.00 1,911.31 1,768.81 2,106.25 2,039.31 1,823.69

2.99 0.37 14.93 11.19 51.87 19.40 4.10
9.49 5.33 30.32 30.98 90.17 53.41 26.10

20.38 16.57 52.56 45.08 96.84 68.49 43.02
42.46 39.95 74.74 65.10 98.21 87.62 66.20
64.81 65.06 89.60 79.48 99.00 96.31 84.49
82.51 83.39 96.94 92.37 99.38 99.14 94.69
86.07 85.69 96.78 94.82 99.34 99.66 96.17
86.60 84.12 97.20 96.91 98.78 99.83 96.93
91.10 86.87 97.01 97.30 99.05 99.78 98.83
94.58 94.22 98.19 99.28 100.00 99.64 98.56
97.06 100.00 100.00 100.00 100.00 100.00 97.06

2004 2005 2006 2007 2008 2009 2010
0.00 0.00 0.25 0.00 6.13 0.69 0.31
4.13 1.31 7.00 4.25 82.63 39.50 17.06

20.69 16.56 55.75 27.88 250.00 167.00 102.94
114.00 98.69 214.81 127.94 450.00 400.44 300.06
273.56 269.12 416.31 297.75 568.50 562.31 487.75
411.06 427.00 533.62 437.69 588.81 592.37 565.88
341.69 366.81 418.44 356.31 449.50 453.50 438.38
196.88 210.12 238.44 207.31 250.44 255.31 248.00

73.75 73.13 81.44 73.88 83.81 85.25 84.38
16.25 16.00 17.00 16.81 17.19 17.19 17.06

2.06 2.00 2.13 2.13 2.13 2.13 2.06



1,449.94 1,479.44 1,977.94 1,547.69 2,660.37 2,535.50 2,246.50
1,140.31 1,161.63 1,583.19 1,219.69 2,056.81 2,008.62 1,792.06

0.00 0.00 1.49 0.00 36.57 4.10 1.87
3.66 1.17 6.22 3.78 73.40 35.09 15.16
7.32 5.86 19.74 9.87 88.52 59.13 36.45

23.64 20.46 44.54 26.53 93.30 83.02 62.21
46.41 45.66 70.63 50.51 96.45 95.40 82.75
68.59 71.25 89.04 73.03 98.25 98.84 94.42
74.87 80.38 91.69 78.07 98.49 99.37 96.06
76.72 81.88 92.91 80.78 97.59 99.49 96.64
86.07 85.34 95.04 86.21 97.81 99.49 98.47
93.86 92.42 98.19 97.11 99.28 99.28 98.56
97.06 94.12 100.00 100.00 100.00 100.00 97.06

2004 2005 2006 2007 2008 2009 2010
0.00 0.00 0.00 0.00 0.38 0.00 0.06
2.75 0.63 1.81 2.44 12.38 4.69 8.69

13.00 3.63 11.56 7.50 67.44 26.50 56.25
95.94 14.56 77.44 43.31 210.00 126.31 200.62

251.69 86.13 228.56 167.62 400.75 303.62 382.88
392.69 222.12 384.25 314.06 526.25 453.25 515.56
335.75 212.19 321.12 284.62 418.75 382.31 418.06
195.94 133.00 182.06 170.06 234.44 220.25 239.50

73.44 52.31 65.63 65.75 81.00 77.75 83.31
16.25 13.31 15.50 16.13 17.19 17.06 16.69

2.06 1.88 2.00 2.13 2.13 2.13 2.06
1,376.75 739.12 1,288.12 1,071.19 1,957.94 1,609.19 1,914.94
1,076.06 535.00 1,011.37 809.62 1,555.75 1,265.50 1,517.12

0.00 0.00 0.00 0.00 2.24 0.00 0.37
2.44 0.56 1.61 2.17 10.99 4.16 7.72
4.60 1.28 4.09 2.66 23.88 9.38 19.92

19.89 3.02 16.06 8.98 43.54 26.19 41.60
42.70 14.61 38.78 28.44 67.99 51.51 64.96
65.52 37.06 64.12 52.40 87.81 75.63 86.03
73.57 46.49 70.36 62.37 91.76 83.77 91.61
76.35 51.83 70.94 66.27 91.35 85.83 93.33
85.70 61.05 76.59 76.73 94.53 90.74 97.23
93.86 76.90 89.53 93.14 99.28 98.56 96.39
97.06 88.24 94.12 100.00 100.00 100.00 97.06
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2004 2005 2006 2007 2008 2009 2010
1474.13 1467.00 1911.31 1768.81 2106.25 2039.31 1823.69
1140.31 1161.63 1583.19 1219.69 2056.81 2008.62 1792.06

1076.063 535.000 1011.375 809.625 1555.750 1265.500 1517.125

6 2008 2010 2012 2014 2016 2018

  1500m - 2300m elevation band (MODIS)

May 15-May



2011 2012 2013 2014 2015 2016 median
10.44 4.63 6.75 5.06 0.06 0.38 3.25

107.50 55.75 60.13 81.56 5.19 9.81 55.75
279.12 185.38 210.75 256.44 27.13 55.06 185.38
479.19 411.19 442.62 470.81 139.81 215.12 405.56
588.31 553.37 572.19 585.37 348.50 422.19 528.12
597.50 586.69 594.75 595.75 514.31 548.37 581.00
455.12 446.19 452.94 453.50 428.94 435.75 439.50
255.75 251.81 254.00 254.06 246.12 250.12 249.44

85.06 84.13 84.88 84.81 85.06 83.94 84.13
17.31 17.25 17.25 17.31 17.31 16.69 17.19

2.13 2.13 2.13 2.13 2.13 2.13 2.13
2,759.50 2,538.12 2,631.50 2,720.19 1,809.31 2,029.37 2441.06
2,120.13 1,997.44 2,062.50 2,105.44 1,431.56 1,621.44 1,954.19

62.31 27.61 40.30 30.22 0.37 2.24 19.40
95.50 49.53 53.41 72.46 4.61 8.72 49.53
98.83 65.63 74.62 90.79 9.60 19.50 65.63
99.35 85.25 91.77 97.62 28.99 44.60 84.09
99.81 93.88 97.07 99.31 59.12 71.63 89.60
99.70 97.89 99.24 99.41 85.82 91.50 96.94
99.73 97.77 99.25 99.37 93.99 95.48 96.30
99.66 98.12 98.98 99.00 95.91 97.47 97.20
99.27 98.18 99.05 98.98 99.27 97.96 98.18

100.00 99.64 99.64 100.00 100.00 96.39 99.28
100.00 100.00 100.00 100.00 100.00 100.00 100.00

2011 2012 2013 2014 2015 2016 median
5.25 0.19 0.06 2.06 0.00 0.00 0.31

59.56 5.81 4.88 32.56 1.81 1.31 17.06
238.25 53.38 52.94 159.38 8.19 11.63 102.94
460.31 224.00 224.56 410.38 77.25 90.31 295.38
582.94 421.00 436.44 563.25 257.19 246.31 442.75
595.75 528.38 553.88 592.25 435.75 409.19 551.88
452.69 406.50 433.75 451.38 382.81 357.62 423.25
254.06 223.06 246.88 252.56 225.50 211.69 238.44

84.50 76.81 84.50 83.25 80.63 75.81 81.44
17.25 17.06 17.25 16.44 17.00 16.31 17.00

2.13 2.13 2.13 2.00 2.13 2.13 2.13



2,687.87 1,952.31 2,052.31 2,530.87 1,486.44 1,421.00 2065.25
2,091.69 1,579.88 1,648.63 2,017.25 1,153.00 1,103.44 1,713.25

31.34 1.12 0.37 12.31 0.00 0.00 1.87
52.92 5.16 4.33 28.93 1.61 1.17 15.16
84.35 18.90 18.74 56.43 2.90 4.12 36.45
95.44 46.44 46.56 85.08 16.02 18.72 61.24
98.90 71.42 74.04 95.56 43.63 41.79 75.11
99.41 88.16 92.42 98.82 72.71 68.28 92.08
99.19 89.07 95.04 98.90 83.88 78.36 92.74
99.00 86.92 96.20 98.42 87.87 82.49 92.91
98.61 89.64 98.61 97.16 94.09 88.48 95.04
99.64 98.56 99.64 94.95 98.19 94.22 98.19

100.00 100.00 100.00 94.12 100.00 100.00 100.00

2011 2012 2013 2014 2015 2016 median
1.88 0.13 0.00 0.00 0.00 0.00 0.00

33.25 2.44 2.13 4.06 0.81 0.94 4.06
169.94 38.75 16.19 29.88 2.13 6.69 25.88
420.75 182.56 113.44 158.56 16.44 61.44 125.44
570.50 373.56 303.50 343.19 126.56 208.25 283.19
592.00 501.69 449.94 474.56 312.69 372.38 424.25
449.25 391.69 364.38 383.44 308.88 336.94 345.62
252.19 214.19 210.50 212.38 192.56 204.25 204.25

83.38 73.81 76.50 73.50 72.38 74.56 73.50
16.81 16.94 16.56 15.88 16.19 16.25 16.25

2.06 2.13 2.13 2.00 2.06 2.13 2.06
2,556.87 1,795.31 1,553.13 1,693.37 1,049.87 1,282.88 1489.56
2,032.50 1,449.50 1,231.25 1,359.75 764.56 979.00 1,178.50

11.19 0.75 0.00 0.00 0.00 0.00 0.00
29.54 2.17 1.89 3.61 0.72 0.83 3.61
60.17 13.72 5.73 10.58 0.75 2.37 9.16
87.24 37.85 23.52 32.88 3.41 12.74 26.01
96.79 63.38 51.49 58.22 21.47 35.33 48.04
98.78 83.71 75.08 79.18 52.17 62.13 70.79
98.44 85.83 79.84 84.02 67.68 73.83 75.73
98.27 83.46 82.03 82.76 75.04 79.59 79.59
97.30 86.14 89.28 85.78 84.46 87.02 85.78
97.11 97.83 95.67 91.70 93.50 93.86 93.86
97.06 100.00 100.00 94.12 97.06 100.00 97.06
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From: Joe Barsugli
To: Guinotte, John
Subject: Re: Update on Wolverine
Date: Friday, April 28, 2017 4:53:35 PM

I'm at 2 1/2 weeks.   Will see the doc on monday.  Joe

On 4/28/2017 4:28 PM, Guinotte, John wrote:

Thanks Joe, I'll have a look at this on Monday. Hope you feel better soon. That
stuff is no fun. My entire family had it for 2+ weeks recently.
Best, John

John Guinotte
Fish and Wildlife Biologist
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region 6
134 Union Blvd., Lakewood, CO 80228
303-236-4264
john_guinotte@fws.gov
                  

On Fri, Apr 28, 2017 at 4:12 PM, Joe Barsugli <joseph.barsugli@noaa.gov>
wrote:

John,

I've still been fighting this respiratory thing off an on -- so haven't been able to
work on this as much as I had hoped.  Candida gave me the spreadsheet by
elevation and I produced some new plots.  I am also attaching the spreadsheet of
MODIS snow covered area by elevation band  and by aspect sector as this will
allow more flexibility if you wanted to delve in to this data at some later date.

Here are some  of the graphics you were interested in for the MODIS analysis.   
The Area v. Elevation plot was redone with two options regarding the calendar
date that is  chosen.  IN the first, "May1_June1"  is as before.   As you
suggested, I redid this for May1 and May 15 instead of June1.   There is really
only room on this plot for two target dates.  Keep in mind that this is the
MODIS product that only detects the presence/absence of snow. One reason we
chose June 1 initially is that a snow disappearance date of June 1 or later
indicates substantial snow earlier in May (or else the replenishment of snow by
snowfall during May).

I am also attaching the spreadsheet of MODIS snow covered area by elevation
band  and by aspect sector as this will allow more flexibility if you wanted to
delve in to this data at some later date.

Joe

mailto:joseph.barsugli@noaa.gov
mailto:john_guinotte@fws.gov
mailto:john_guinotte@fws.gov
mailto:joseph.barsugli@noaa.gov


-- 
Joseph Barsugli, Research Scientist III
CIRES, UCB216
University of Colorado Boulder
Boulder CO 80309
303-497-6042
PSD Science Board and
Attribution and Predictability Assessments Team Member

-- 
Joseph Barsugli, Research Scientist III
CIRES, UCB216
University of Colorado Boulder
Boulder CO 80309
303-497-6042
PSD Science Board and 
Attribution and Predictability Assessments Team Member



From: Guinotte, John
To: Doherty, Kevin
Subject: Re: Update on Wolverine
Date: Monday, May 1, 2017 7:40:37 AM

Yeah I noticed that too. There is no axis label for km2 in the 3rd fig. I spoke to Joe about the
June 1 issue before and explained it was too late, if anything we need April 15, May 1 and
May 15. He said that the original plan was for CU to run those dates but for some reason we
ended up with June 1. I'm in my office, give me a shout when you get back from the bus.

John Guinotte
Fish and Wildlife Biologist
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region 6
134 Union Blvd., Lakewood, CO 80228
303-236-4264
john_guinotte@fws.gov
                  

On Mon, May 1, 2017 at 7:21 AM, Doherty, Kevin <kevin_doherty@fws.gov> wrote:
John, 

Give me a ring when you get in.  The third figure makes no sense???   If we are looking at
Wolverine Den's June 1st has no relevance, I am not sure why it was even made.

I have to take the kids to the bus this morning because Melissa is still out of town until
tonight.  Leaving 7:45, back at 8:10.

Cheers
Kevin

On Fri, Apr 28, 2017 at 4:27 PM, Guinotte, John <john_guinotte@fws.gov> wrote:
Hey Kevin, I haven't looked at this yet. Maybe you and I can regroup on Monday on this. 

John Guinotte
Fish and Wildlife Biologist
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region 6
134 Union Blvd., Lakewood, CO 80228
303-236-4264
john_guinotte@fws.gov
                  

---------- Forwarded message ----------
From: Joe Barsugli <joseph.barsugli@noaa.gov>
Date: Fri, Apr 28, 2017 at 4:12 PM
Subject: Update on Wolverine
To: "Guinotte, John" <john_guinotte@fws.gov>
Cc: Andrea Ray <Andrea.Ray@noaa.gov>

mailto:john_guinotte@fws.gov
mailto:kevin_doherty@fws.gov
mailto:john_guinotte@fws.gov
mailto:kevin_doherty@fws.gov
mailto:john_guinotte@fws.gov
mailto:john_guinotte@fws.gov
mailto:joseph.barsugli@noaa.gov
mailto:john_guinotte@fws.gov
mailto:Andrea.Ray@noaa.gov


John,

I've still been fighting this respiratory thing off an on -- so haven't been able to work on
this as much as I had hoped.  Candida gave me the spreadsheet by elevation and I
produced some new plots.  I am also attaching the spreadsheet of MODIS snow covered
area by elevation band  and by aspect sector as this will allow more flexibility if you
wanted to delve in to this data at some later date.

Here are some  of the graphics you were interested in for the MODIS analysis.    The Area
v. Elevation plot was redone with two options regarding the calendar date that is  chosen. 
IN the first, "May1_June1"  is as before.   As you suggested, I redid this for May1 and
May 15 instead of June1.   There is really only room on this plot for two target dates. 
Keep in mind that this is the MODIS product that only detects the presence/absence of
snow. One reason we chose June 1 initially is that a snow disappearance date of June 1 or
later indicates substantial snow earlier in May (or else the replenishment of snow by
snowfall during May).

I am also attaching the spreadsheet of MODIS snow covered area by elevation band  and
by aspect sector as this will allow more flexibility if you wanted to delve in to this data at
some later date.

Joe

-- 
Joseph Barsugli, Research Scientist III
CIRES, UCB216
University of Colorado Boulder
Boulder CO 80309
303-497-6042
PSD Science Board and
Attribution and Predictability Assessments Team Member

-- 
______________________________________________

Kevin Doherty, PhD
Spatial Ecologist
USFWS  Region 6 --Science Applications 
134 Union Blvd, Lakewood, CO 80228
Phone: (303) 921-0524
Email: kevin_doherty@fws.gov
__________________________________________

mailto:kevin_doherty@fws.gov


From: Shoemaker, Justin
To: Bryon Holt; Caitlin Snyder; Jacobsen, Dana; Grizzle, Betty; Guinotte, John; Jodi Bush; Stephen Torbit; Gregg

Kurz; Kit Hershey; Madeline Drake; Josh Hull
Subject: Wolverine SSA team call
Date: Tuesday, May 2, 2017 1:56:14 PM
Attachments: Wolverine_Curent_Range_EPA_EcoReg.pdf

Wolverine_Curent_Range.pdf
Wolverine_Inman_Habitat_Obs.pdf

Wolverine Team,

Agenda for today's call:

-Update on SSA progress from Betty
      -Range maps
-NOAA report, John
-PVA
-Genetics study effort

Attached are maps for discussion on today's call and a table of acreages based on the current range map.

Sum of Acres
FeatureNam Zone Total Percent
Wolverine - Range Alaska 380,050,540.22 18.5

Canada 1,548,989,734.70 75.36
Lower
48 126,272,764.73 6.14

Wolverine - Range Total 2,055,313,039.66
Grand Total 2,055,313,039.66

Justin Shoemaker
Classification Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

mailto:justin_shoemaker@fws.gov
mailto:bryon_holt@fws.gov
mailto:caitlin_snyder@fws.gov
mailto:Dana.Jacobsen@sol.doi.gov
mailto:betty_grizzle@fws.gov
mailto:john_guinotte@fws.gov
mailto:jodi_bush@fws.gov
mailto:stephen_torbit@fws.gov
mailto:gregg_kurz@fws.gov
mailto:gregg_kurz@fws.gov
mailto:kit_hershey@fws.gov
mailto:madeline_drake@fws.gov
mailto:josh_hull@fws.gov
mailto:justin_shoemaker@fws.gov
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From: Grizzle, Betty
To: A J
Subject: Re: WSB snow at den-site scale
Date: Wednesday, May 3, 2017 12:29:51 PM

Thanks for the update. Will make sure to check for this.

On Wed, May 3, 2017 at 11:20 AM, A J <222wsheridan@gmail.com> wrote:
Hi
This paper should be out by end of next week or early the week after as Early View in
Wildlife Society Bulletin. It can then be cited with the DOI and be available for distribution.

-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax

mailto:betty_grizzle@fws.gov
mailto:222wsheridan@gmail.com
mailto:222wsheridan@gmail.com


From: Grizzle, Betty
To: Shoemaker, Justin; John Guinotte; Stephen Torbit; Bush, Jodi
Subject: News article re multi-state wolverine surveys
Date: Thursday, May 4, 2017 10:29:53 AM

FYI

Wolverine study’s plan preferred to endangered species listing
GreatFalls Tribune/Opinion
May 2, 2017 

During a multi-state survey this winter to establish a baseline of where wolverines live in the U.S., one of the
solitary mountaineers was photographed by a motion-detecting camera 65 miles southeast of Great Falls in the
Little Belt Mountains.... http://www.greatfallstribune.com/story/opinion/2017/05/02/wolverine-studys-plan-
preferred-endangered-species-listing/101208748/

-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax

mailto:betty_grizzle@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:john_guinotte@fws.gov
mailto:stephen_torbit@fws.gov
mailto:jodi_bush@fws.gov
http://www.greatfallstribune.com/story/opinion/2017/05/02/wolverine-studys-plan-preferred-endangered-species-listing/101208748/
http://www.greatfallstribune.com/story/opinion/2017/05/02/wolverine-studys-plan-preferred-endangered-species-listing/101208748/


From: Grizzle, Betty
To: A J
Subject: Re: Wolverine and white markings
Date: Thursday, May 4, 2017 1:15:29 PM
Attachments: Novikov 1962_selected pages.pdf

Here are selected pages from Novikov (front matter and Gulo account, which starts on page 30
of pdf file).  

I also had my sister help me translate Henri de Puyjalon's 1900 wolverine discussion
(Labrador area of Canada) and also found (online) Seton's Life Histories of Northern Animals
1909 and wolverine account, which includes a range map (at that time) for the 3 "races." This
was was modified by van Zyll de Jong (1975), which is where I found the Novikov citation! 

On Thu, May 4, 2017 at 12:02 PM, A J <222wsheridan@gmail.com> wrote:
yes, I'd like to see them; I'm not sure if that is in my library!
It seems the Scandinavian, Finnish, Russian wolverines tend towards the coloration you
described. But there are certainly exceptions and I'm not sure anyone has looked at this
objectively across broad areas.

On Thu, May 4, 2017 at 10:56 AM, Grizzle, Betty <betty_grizzle@fws.gov> wrote:
FYI - I found Novikov's book - Fauna of USSR, Carnivorous Mammals (translation) from
used bookseller.  I was looking for the foot loading discussion for wolverines. 
He states that predominant color of trunk is dark cinnamon brown, or light reddish brown,
and that tips of paws are almost black.
Also, he says that dens usually built in clefts in rocks, among stones, or under roots of
upturned trees.  
I can send a scanned copy of the pages if you're interested.

On Thu, May 4, 2017 at 11:38 AM, A J <222wsheridan@gmail.com> wrote:
Yes, and we could get samples from trappers in AK. Jens is capturing wolverines right
now. I assume they photograph their animals but doesn't hurt to ask. He should have lots
from northern Sweden and a few from southern Sweden. And then there are the
Norwegians and the Finnish researchers. Rebecca Watters may be able to help with the
Mongolian animals but I don't know if she has photos that match DNA samples. I could
inquire with the fur buyer here if he still goes to Russia for pelts.

Sent from my iPhone

On May 4, 2017, at 10:21 AM, Grizzle, Betty <betty_grizzle@fws.gov> wrote:

Thanks Audrey.  Seems like this would be an interesting part of a larger and
more comprehensive genetic study. 
I will send message to Jens today.

On Thu, May 4, 2017 at 11:04 AM, A J <222wsheridan@gmail.com>
wrote:

Hi Betty
I don't think anyone has looked at white traits in wolverines on a global
scale, either prevalence or genetic markers. White markings on the feet

mailto:betty_grizzle@fws.gov
mailto:222wsheridan@gmail.com
mailto:222wsheridan@gmail.com
mailto:betty_grizzle@fws.gov
mailto:222wsheridan@gmail.com
mailto:betty_grizzle@fws.gov
mailto:222wsheridan@gmail.com


are common (but not dominant) in Alaska, at least on the North Slope and
Southeast Alaska where I have worked. I have attached an unusual
individual, which I believe was caught in Alaska. One trapper I know in
NE Alaska showed me a "white" wolverine he captured. Not an albino,
but white with cream highlights where black would occur on a "normal"
wolverine. From what I know of wolverines in Scandinavia, there is much
less white even in the chest pattern. Jens could speak to whether they
have ever gotten a white-footed wolverine. There may be regional
differences in the occurrence rate and prominence of white markings,
which suggests a genetic marker that runs in the population until
something changes it. I once asked a fur buyer in Fairbanks about
regional differences, and he said there were differences in the size and
color of the diamond on wolverines across Alaska.We didn't discuss
white feet. Some wolverines, almost as rare as white ones, are nearly
completely black. It would be interesting to see if there are genetic
differences and if they change over time regionally. The "white-less"
wolverines in Scandinavia may be because the population may have
descended from a few dark individuals and could change over time as the
population increases and expands and dispersers arrive from Russia. The
local buyer has purchased wolverines from Russia. I will have to talk to
him again to see if white feet occurred on the hides he purchases. It seems
to me I recall Jeff Copeland mentioning that he thinks a dominant male in
an area can determine the coloration of the individuals in an area and
perhaps he has worked with genetics along these lines. It does seem that
wolverines from Montana more commonly had larger areas of white on
chest, legs, and feet than in other areas. Bob Inman certainly has captured
individuals like this.

On another subject, did you hear from Jens in response to your email?
Did you ask him about the number of dens outside the snow model that
they now have? He is going to try to photograph some of these den sites
in the coming week.
Audrey

On Thu, May 4, 2017 at 9:28 AM, Grizzle, Betty
<betty_grizzle@fws.gov> wrote:

Hi Audrey - You may have seen this OpEd from the Great Falls
Tribune.

Wolverine study’s plan preferred to endangered
species listing
GreatFalls Tribune/Opinion

May 2, 2017 

 

During a multi-state survey this winter to establish a baseline of where
wolverines live in the U.S., one of the solitary mountaineers was photographed
by a motion-detecting camera 65 miles southeast of Great Falls in the Little
Belt Mountains.... http://www.greatfallstribune.com/story/opinion

mailto:betty_grizzle@fws.gov
http://www.greatfallstribune.com/story/opinion/2017/05/02/wolverine-studys-plan-preferred-endangered-species-listing/101208748/


/2017/05/02/wolverine-studys-plan-preferred-endangered-species-
listing/101208748/

 

I noticed that one of the photographs (Pintler Mtns) shows a wolverine
with white on its front paws.  I had read (somewhere) about this
interesting characteristic and ask Bob Inman if he knew whether this
was unique to North America or Montana, and whether this has been
observed in wolverines in Scandinavia.  He said that they have seen
fairly extensive white markings, often on the foot, in GYE and
Montana, but did not know about other populations. 

I also read the following account of almost all-white wolverines from
Cardinal's report:

From Cardinal 2004 Aboriginal Traditional Knowledge COSEWIC
Status Report on Wolverine Gulo gulo Qavvik: (page 7)
"A nearly all-white variant of wolverine has been trapped by hunters in
the Kitikmeot region. Knowledge holders in the region state that this
variety is very rare; in all of the other regions, only one other
knowledge holder reported catching a wolverine that had a significant
amount of white on it. Knowledge holders also mentioned that this
variant has always occurred in this one area and reported their parents
had caught this variety in the past. A pelt was also on display at the
local HTC."

Question for you: Do you know if anyone has looked at these traits (on
global scale) and how prevalent they are?  And whether anyone has
investigated the genetic markers for this?

Thanks.
-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax

-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service

http://www.greatfallstribune.com/story/opinion/2017/05/02/wolverine-studys-plan-preferred-endangered-species-listing/101208748/
http://www.greatfallstribune.com/story/opinion/2017/05/02/wolverine-studys-plan-preferred-endangered-species-listing/101208748/
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From: Grizzle, Betty
To: A J
Subject: Re: Wolverine and white markings
Date: Thursday, May 4, 2017 2:01:48 PM
Attachments: Pages from de Puyjalon 1900.pdf

I have not seen the Captain Cartwright document. What year was that?

Here are de Puyjalon pages just for wolverine (in French).  The entire publication is just over
20MB, so let me know if you want everything.
The reason for locating this was because it was cited in Fortin (2005) and I wanted to check
his 66th parallel notation (page 4), about wolverines found at that range or perhaps further,
which is correct (page 144 of de Puyjalon).  de Puyjalon also says they inhabit Labrador
(earlier in document), but are rare below the 47th parallel (p. 126).  Based on her translation of
his discussion, my sister said that he really hated wolverines!

Full citation from Fortin:  De Puyjalon, H. 1900. Histoire naturelle à l’usage des chasseurs
canadiens et des éleveurs d’animaux à fourrures. Imprimerie du Soleil, Québec. 428 pp.

On Thu, May 4, 2017 at 12:26 PM, A J <222wsheridan@gmail.com> wrote:
I would love to see the Labrador material you referred to. I have a special interest in
Labrador having looked for wolverines there. Have you looked at "Captain Cartwright and
his Labrador Journal" (edited by Charles Wendell Townsend M.D.)." He mentions
wolverines (he trapped) on pages 73, 93, 98, 197, 202, 210, 228, 255, 261, and 268.

On Thu, May 4, 2017 at 11:15 AM, Grizzle, Betty <betty_grizzle@fws.gov> wrote:
Here are selected pages from Novikov (front matter and Gulo account, which starts on
page 30 of pdf file).  

I also had my sister help me translate Henri de Puyjalon's 1900 wolverine discussion
(Labrador area of Canada) and also found (online) Seton's Life Histories of Northern
Animals 1909 and wolverine account, which includes a range map (at that time) for the 3
"races." This was was modified by van Zyll de Jong (1975), which is where I found the
Novikov citation! 

On Thu, May 4, 2017 at 12:02 PM, A J <222wsheridan@gmail.com> wrote:
yes, I'd like to see them; I'm not sure if that is in my library!
It seems the Scandinavian, Finnish, Russian wolverines tend towards the coloration you
described. But there are certainly exceptions and I'm not sure anyone has looked at this
objectively across broad areas.

On Thu, May 4, 2017 at 10:56 AM, Grizzle, Betty <betty_grizzle@fws.gov> wrote:
FYI - I found Novikov's book - Fauna of USSR, Carnivorous Mammals (translation)
from used bookseller.  I was looking for the foot loading discussion for wolverines. 
He states that predominant color of trunk is dark cinnamon brown, or light reddish
brown, and that tips of paws are almost black.
Also, he says that dens usually built in clefts in rocks, among stones, or under roots of
upturned trees.  
I can send a scanned copy of the pages if you're interested.
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On Thu, May 4, 2017 at 11:38 AM, A J <222wsheridan@gmail.com> wrote:
Yes, and we could get samples from trappers in AK. Jens is capturing wolverines
right now. I assume they photograph their animals but doesn't hurt to ask. He should
have lots from northern Sweden and a few from southern Sweden. And then there
are the Norwegians and the Finnish researchers. Rebecca Watters may be able to
help with the Mongolian animals but I don't know if she has photos that match DNA
samples. I could inquire with the fur buyer here if he still goes to Russia for pelts.

Sent from my iPhone

On May 4, 2017, at 10:21 AM, Grizzle, Betty <betty_grizzle@fws.gov> wrote:

Thanks Audrey.  Seems like this would be an interesting part of a larger
and more comprehensive genetic study. 
I will send message to Jens today.

On Thu, May 4, 2017 at 11:04 AM, A J <222wsheridan@gmail.com>
wrote:

Hi Betty
I don't think anyone has looked at white traits in wolverines on a
global scale, either prevalence or genetic markers. White markings on
the feet are common (but not dominant) in Alaska, at least on the
North Slope and Southeast Alaska where I have worked. I have
attached an unusual individual, which I believe was caught in Alaska.
One trapper I know in NE Alaska showed me a "white" wolverine he
captured. Not an albino, but white with cream highlights where black
would occur on a "normal" wolverine. From what I know of
wolverines in Scandinavia, there is much less white even in the chest
pattern. Jens could speak to whether they have ever gotten a white-
footed wolverine. There may be regional differences in the
occurrence rate and prominence of white markings, which suggests a
genetic marker that runs in the population until something changes it.
I once asked a fur buyer in Fairbanks about regional differences, and
he said there were differences in the size and color of the diamond on
wolverines across Alaska.We didn't discuss white feet. Some
wolverines, almost as rare as white ones, are nearly completely black.
It would be interesting to see if there are genetic differences and if
they change over time regionally. The "white-less" wolverines in
Scandinavia may be because the population may have descended
from a few dark individuals and could change over time as the
population increases and expands and dispersers arrive from Russia.
The local buyer has purchased wolverines from Russia. I will have to
talk to him again to see if white feet occurred on the hides he
purchases. It seems to me I recall Jeff Copeland mentioning that he
thinks a dominant male in an area can determine the coloration of the
individuals in an area and perhaps he has worked with genetics along
these lines. It does seem that wolverines from Montana more
commonly had larger areas of white on chest, legs, and feet than in
other areas. Bob Inman certainly has captured individuals like this.
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On another subject, did you hear from Jens in response to your email?
Did you ask him about the number of dens outside the snow model
that they now have? He is going to try to photograph some of these
den sites in the coming week.
Audrey

On Thu, May 4, 2017 at 9:28 AM, Grizzle, Betty
<betty_grizzle@fws.gov> wrote:

Hi Audrey - You may have seen this OpEd from the Great Falls
Tribune.

Wolverine study’s plan preferred to endangered
species listing
GreatFalls Tribune/Opinion

May 2, 2017 

 

During a multi-state survey this winter to establish a baseline of where
wolverines live in the U.S., one of the solitary mountaineers was
photographed by a motion-detecting camera 65 miles southeast of Great
Falls in the Little Belt Mountains.... http://www.great
fallstribune.com/story/opinion/2017/05/02/wolverine-studys-plan-
preferred-endangered-species-listing/101208748/

 

I noticed that one of the photographs (Pintler Mtns) shows a
wolverine with white on its front paws.  I had read (somewhere)
about this interesting characteristic and ask Bob Inman if he knew
whether this was unique to North America or Montana, and whether
this has been observed in wolverines in Scandinavia.  He said that
they have seen fairly extensive white markings, often on the foot, in
GYE and Montana, but did not know about other populations. 

I also read the following account of almost all-white wolverines
from Cardinal's report:

From Cardinal 2004 Aboriginal Traditional Knowledge COSEWIC
Status Report on Wolverine Gulo gulo Qavvik: (page 7)
"A nearly all-white variant of wolverine has been trapped by
hunters in the Kitikmeot region. Knowledge holders in the region
state that this variety is very rare; in all of the other regions, only
one other knowledge holder reported catching a wolverine that had
a significant amount of white on it. Knowledge holders also
mentioned that this variant has always occurred in this one area and
reported their parents had caught this variety in the past. A pelt was
also on display at the local HTC."

Question for you: Do you know if anyone has looked at these traits
(on global scale) and how prevalent they are?  And whether anyone
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has investigated the genetic markers for this?

Thanks.
-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax

tel:(760)%20431-9440
tel:(760)%20431-5901
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Son parcours géographique est très étendu.

Dans la province, on rencontre la variété noire,

surtout dans le nord des comtés de l'ouest, où
l'attirent les grands fauves ; mais elle y est

rare au-dessous du 47ème parallèlle.

Sur les territoires du nord-est du Labrador

Canadien, c'est la variété grise qui domine. On
prétend qu'elle s'y accouule quelquefois avec

les chiens de la région (chiens de Oométic ou
Esquimaux), et il est certain qu'il est des chiens

de Cométic qui ressemblent prodigieusement à

des loups.

Une esquisse de cet animal si connu était

inutile. Sa forme de chien à museau pointu

et à front élargi ; ses oreilles droites et son

œil oblique à reflets d'un jaune fauve ; sa

queue rectiligne et touffue, sont présents à

toutes les mémoires.

C'est un banditphysique ipk

et il en a l'air.

* *

LE CARCAJOU (gulo vulgaris, cuvier.—
GULO LUCUS, SABINE.)

Voici ce que je disais de cet animal dans

mon " Guide du chasseur de pelleterie ", pu-

blié en 1893. C'est l'expression de ce que je
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considère comme la vérité, malgré la forme

un peu humoristique que l'on voudra bien

me pardonner : je n'ai rien à y retrancher.

Bien au contraire, je me permettrai d'y ajou-

ter :
1° L'opinion exprimée par Monsieur T.

T. Payne, naturaliste-observateur, à la baie

Stupart, détroit d'Hudson ; 2() Le témoignage
donné au comité du sénat, en 1S8S, par Mon-
seigneur Clut, 0. M. 1., évêque d'Arindel,

dans les territoires dn Nord -Ouest, Mackenzie.

Ce sont les sauvages qui l'ont nommé *' kar-

ka-joo ", mais ils le désignent plus souvent

sous le nom de " qua-quà-sut "—
" le diable

des bois "—et, tout pillard, tout voleur qu'il

soit, on ne saurait l'accuser d'avoir dérol)é

cette épithète qui lui convient à tous égards.

Aucun animal n'a été plus travesti par les

naturalistes de tous les temps. Les uns lui ont

prêté toutes les diableries, les autres les lui

nient à peu près toutes et mettent en doute

celles qui restent. Cette divergence d'opinion

tient à la différence très considérable du déve-

loppement de l'intelligence ou de l'instinct

pour chaque individu d'une même variété.

Les naturalistes de l'ancien régime ont observé

des animaux très roués, très intelligents, car,

à ces di.tes anciennes et bénies, les hommes
ie science étaient encore quelquefois des
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hommes de chasse et observaient de temps en
temps, eux-mêmes, les animaux qu'ils se pro-

posaient de décrire. Cha^^seurs, ils ajoutaient

foi aux récits des chasseurs, dont ils appré-

ciaient la vérité connue. Incrédules, ils accor-

daient néanmoins quelque créance à leurs

récits, lorsque ces derniers se reproduisaient

.
~ jntiques sous des latitudes diverses et dans

d^s' ^ -constances différentes ; tout au moins
faiS'i^ ,nt-ils une petite part au vrai, se gardant

bien de le sacrifier à tout propos au stupide

tyran moderne que l'on appelle le vraisem-

blable.

Aujourd'hui, le naturaliste ne décrit plus les

animaux, il les empaille. Il simplifie l'examen

et l'étude sur le vif par la négation qui dis-

pense de travail et de fatigue et lui donne une
structure savante aux yeux du vulgaire ignare,

abêti par le doute systématique. Bien plus,

comme ceux qui Font précédé dans la science

lui ont laissé peu de chose à faire, il trouve

commode de saper ou de nier les faits établis

par ses devanciers.

Il complique leurs découvertes et leurs

études de celles qu'il croit avoir faites et qui,

la plupart du temps, n'existent que pour lui.

Il modifie les classifications adoptées, tronçonne

les ordres, multiplie les familles, gaspille les
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espèces pour en faire des variétés et les

variétés pour en constituer «les espèces,croyant

avoir gravi les hauteurs les plus élaucées dca

sciences naturelles, lorsqu'il a donné son nom
au " rat à trompe " de joyeuse mémoire, ou à

une coquille de " bigorneau " abandonné par

un celte amateur de mollusques.

Me voilà, il me semble, ua peu loin du Car-

cajou. J'y reviens.—J'avais besoin avant de

parler de l'être invraisemblable dont je veux
vous entretenir aujourd'hui, de m'attirer les

sympathies de nos naturalistes modernes.

Les sauvages montagnais qui le connaissent

bien lui trouvent une ressemblance saisissante

de mœurs et d'allures avec le diable, qu'ils

connaissent non moins bien, parait-il. Je ne
surprendrai donc personne en disant qu'au-

près de lui, le renard, dont les vertus laissent

cependant considérablement à désirer, est

un saint doublé d'un imbécile. Le Carcajou,

j'entends le Carcajou digne de ce nom, ne res-

pire et n'agit que pour satisfaire ses passions

et entraver celles des autres. Pour atteindre

ce but, tous les moyens lui sont bons. 11 n'est

pas un habitant des bois, qui ne devienne

plus ou moins sa victime, mais sa victime pré-

férée, entre tous, c'est le chasseur. C'est avec

une persistance infatigable, avec un acharne-
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ment endiablé servi par une force et une in-

telligence peu commune qu'il moleste ce der-

nier, qu'il le persécute, qu'il l'ahurit au point

de le contraindre à démolir ses dernières "ten-

tures ", à fermer ses pièges et à changer de

territoire de chasse.

L'odorat de cet animal tient du prodige.

Tout le monde a entendu dire que son passe-

t^mps favori consistait dans le pillage et la

G ;struction des chemins de chasse des trap-

peurs. Ce que l'on sait moins, c'est qu'il

"tte?'^^ ce but. lors même que les " tentures",

en automne, ont été recouvertes plus tard par

deux ou trois pieds de neige, et que tout a

contribué à dissimuler les émanations person-

nelles du chasseur et celles de ses appâts ou

de ses pièges.

Sa manière de procéder prouve une sagacité

et une perversité inouïes, j'allais dire une

instruction très soignée, s'il ne s'était agi d'un

animal. Lorsque son odorat, ou une faculté

spéciale que l'on ne saurait définir, lui a

signalé la présence d'un piège sous la neige,

il calcule à peu près la longueur que peut

avoir la chaîne qui relie celle-ci au " piquet

de garde ", puis il décrit un cercle ayant pour
rayon une longueur un peu moindre que la

longueur calculée, creuse une tranchée en
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suivant la circonférenoe du cercle, et, si son
calcul a été juste, tombe sur une partie de la

chaîne dont il se saisit pour attirer le piège et
le détendre.

Lorsque son appréciation primitive lui a
donné un rayon trop grand, il creuse une nou-
velle tranchée circulaire concentrique inté-

rieurement à la première, et ainsi de suite

jusqu'à ce qu'il ait atteint le piège. Abandon-
ner ce dernier sur le théâtre tlu vol, serait

donner au chasseur une chance de le retreu.

ver et de s'en servir encore.

Le Carcajou se garde luen d'afiir ainsi : sa

mansuétude ne veut pas se contenter des joies

inachevées d'une vengeance incomplète.

Alors, il emporte le piège et, s'éloignant le

plus possible du chemin des " tentures ", il

grimpe sur un arbre, aussi haut (ju'il peut
monter,—il connaît les lois de la pesanteur

—

et le laisse tomber dans le banc de neige le

plus épais qui soit au pied du tronc.

En vo3'ant et en étudiant les vestiges du
travail de Quîi-Qu'à-Sut, bien loin de lui en
vouloir, j'ai souvent été près du désir immo-
déré de lui demander où il avait puisé les

notions si précises qu'il possède sur le rapport

de la circonférence au diamètre et sur les lois

de la chute des corps. Il eut sans doute, dédai-
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gné de me répondre, car il connaît les homme»
et sait le prix qu'ils attachent au tégument
poilu qui SïCrt d'enveloppe à son " instinct "^

mais s'il m'eut répondu, il l'eut fait, j'en suis

convaincu, avec toute l'érudition d'un géomè-
tre de profession.

Pour lui tout ce qui est propriété humaine
est dissipable, brisable et salissable à merci l

11 en agit avec les " tentures " de bois comme
avec les tentures de pièges ; avec le mobilier

rustique et primitif d'un '* camp " comme
avec les provisions, et les armes du chasseur.

Il ne lui suffit pas de briser les pièges, de

disperser les provisions, de voler les vêtements;

il aime encore à laisser les marques les moins
discutables de son passage détesté. Il semble

tenir absolument à dissiper tous les doutes et,

pour cet objet, il laisse sur le lieu de son

crime les plus abominables de ses '' laissées ".

Les premières qui m'ait été donné d'étudier

avaient été déposées précieusement par lui

exactement au centre d'un baril à demi plein

de farine, dont il avait su enlever le couvercle,

sans rien répandre du contenu et sans

renverser le contenant. A quel entraînement

ironique obéissait-il en accomplissant cet acte

d'un goût douteux, surtout pour une bête née

si loin de la Sprée ? Inexplicable, n'est-ce pas?
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J'ai pu constater aus.si le respect profond

qu'il a pour son épidémie, le sang-froid et l'ha-

bileté qu'il apporte à le préserver de toutes les

atteintes du plonib.

Il y a bien des années, hélas ! j'étais campé
près d'une petite rivière de la côte nord du

fleuve, la Mistassini. La nuit était complète

et je dormais du sommeil d'un juste depuis

plusieurs heures, lorsque jo fus réveillé par

un bruit inattendu dans ces parages. Un gro-

gnement se faisait entendre presque à mes
oreilles et les cordes (]ui s'attachaient aux

piquets de ma tente étaient, tour à tour, vio-

lemment secouées. Mettre la main sur mon
fusil, réveiller mon engagé, l'armer d'une tor-

che de l)ouleau et sortir, furent l'affaire d'un

instant. En arrière de la tente prenait nais-

sance la forêt, la mer était en avant.

Dès les premières lueurs jetées par la torche,

l'animal avait pris le bois, néanmoins je l'avais

vu assez distinctement pour la reconnaître. Je

le voj^ais encore, ou plutôt je voyais la moi-

tié de son œil. Abrité derrière un gros sapin,

il n'exposait de cette partie précieuse de sa

personne que juste ce qu'il en fallait pour

observer mes mouvements. Je marchais sur

lui le fusil à l'épaule, chaque arbi'e me fDisant

à faire un détour.
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A tous mes mouvements correspondait un
mouvement symétriquement inverse du carca-

jou, qui parvenait ainsi à gagner l'abri du
sapin suivantjSans avoir présenté à mes plombs
d'autre partie de sa personne que cette section

d'œil, dont l'expression me parut bien plus

celle de la gouaillerie que celle de la crainte.

Peu à peu il gagna les bois épais, sans m'avoir

donné une seule fois l'occasion de lui envoyer

un coup de fusil ; cependant, quelques pas à

peine me séparaient de lui. J'ai fait la guerre

de partisan et retraité sous bois avec toute

l'habilité que me donnait l'amour particulier

que j'éprouve pour une peau qui m'est chère

—^je veux parler de la mienne— mais, je l'a-

voue, à ma honte et à celle des armées moder-

nes, je ne vis jamais un tirailleur quitter un
abri pour en gagner un autre, sous le feu de

l'ennemi, avec un calme, une précision et un
sang-froid comparables à ceux du carcajou.

On le croit peu agile. Il n'a point, il est

vrai, la rapidité du lévrier,, mais son intelli-

gence lui en tient lieu. Jamais il ne se

presse. La peur semble lui être étrangère. Il

bat en retraite et ne fuit i>as. Sa force est peu
commune, extraordinaire même, si on la com-
pare à l'exiguité relative de sa taille, qui

atteint à peine celle d'un chien de moyenne



135 —

grosseur ; il brise assez facilement les chaînes

des gros pièges. Il a trente-huit dents, dont
douze incisives, quatre canines et le reste

en molaires. Il perfore les cabanes de castor,

détruit leui s digues pour faire assécher leur

demeure et s'emparer de leur personne. Il

mange de tous et de tout. Il s'attaque aussi

aux animaux de forte taille et il est incontes-

table qu'il sait arrêter, tuer et manger les

jeunes caribous.

Pour cette chasse, qu'il pratique en hiver, il

met à profit les théorèmes d'P^aclide et la con-

naissance approfondie des mœurs de l'animal

qu'il convoite. Il sait que, dans sa fuite, le

caribou ne suit jamais une ligne droite et

qu'il décrit toujours une courbe plus ou moins
allongée : une randonnée. Il sait encore qu'on

le rencontre en hiver sur les lacs recouverts

de glace et de neige.

Lorsque les hasards de la chasse le mettent
en présence d'une harde de ces animaux dans
de semblables conditions, il se montre à l'im-

proviste sur les bords du lac. Les caribous

effraj^és, prennent sur le champ leur course en
décrivant la courbe habituelle. Lui. coupe au
plus court, va se placer à l'extrémité de l'arc,

sur un tronc d'arbre penché au-dessus du lac

et lorsque les fugitifs passent au-dessoi s de
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l'ciibre, il se laisse cheoir sur un jounonarilmu,

et le tue en lui coupant l'artère carotide.

Le fait ([ue je viens de narrer, je ne l*i<;iin'

pas, est repoussé par certains naturalistes en

chambre. Je ne puis, [)our leur i)laire, récuser

le ténioijçnage de mes yeux, et s'il était néces-

saire, je pourrais en appeler au ténjoi^'na;^e de

quehiues officiers de la Haie d'IIudson et de

beaucoup de chasseurs très expérimentés, (pii.

ayant vu comme moi, ne saui-aient hésiter à

soutenir la rigoureuse vérité de mon récit.

Le carcajou n'est (lue bien peu sensible aux
charmes des boulettes empoisonnées. Il s'en

défie même extraordinairement et lorsque, en

dépit de son odorat suljtil et de sa prudence

achevée, il s'y laisse prendre, ça n'est ja mai

qu'à demi. Puis, s'il échappe aux effets de l'in-

toxication, il prévient ses congénères, et le lieu

du théâtre de l'empoisonnement d'un frère est

réprouvé et abandonné de tous les carcajous

qui. lorscpi'une impitoyable nécessité les con-

traint à le traverseï, le franchissent sans s'ar-

rêter un seul instant et le plus rapidement

possible.

A propos de cette faculté singulière, voici ce

que me contait Th.. vieux trappeur qui, ilepuis

45 ans, promène ses tentures un peu partout

sur la côte et dont le caractère rigide se prête
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ppu aux fuinist<M'ios sportivos. .It» doiiiif» son

récit toi (pio j(? rai n.M.ii, cii lui consei'vaiit tout

feoii laconisino.
'• Un jour, je montai <iii poison, atlii de ino

tléharrasser d'un can'ajou. ([ui mettait mes
rhemiuH de tentures au pillai'.', -le déposai

de suite (piehiues boulettes. Il vint à l'appât

et ne voulut en man^'er que la moitié. Aus-

sitôt (pi'il l'eut avalé, il se mit à faire des

efforts pour vomir en reculant, laissant sur

un espace d''.iu moins cint|uant(^ i>as les rési-

dus exi)ulsés par ses viscères, puis, débarrassé

du poison, il [>rit le bois et s'enfuit. Pendant

deux ans, je ne vis plus un seul de ces ani-

maux au même lieu, et plus tard, si j'en

trouvais une piste, je disiinj^u'i ((ue l'animal

traversait sans s'arrêter le [il us vite possible

l'endroit où j'avais autrefois jeté mes appâts

empoisonnés, ils doivent se prévenir entre

eux. D'ailleurs, je ne suis |>as le seul à (|ui

pareille aventure soit arri v'ée. J.)emandez à M.

de Godbout, il lui est arrivé la même chose."

T. . a-il vu le carcajoii aj^ir ainsi ? non,

peut-être, mais il est inutile à un chasseur

d'assister aux faits et gestes d'un animal pour

savoir qu'elles ont été ses attitudes, ses actions

ou ses allures. Les pistes et les traces laissées

parce dernier sutfisent, dans la plupart des



— 138

cas, pour donner des certitudes ; et je ne mets
pas en doute un instant que les choses ne se

soient passées ainsi que les contait mon vieux

chasseur.

D'après ce récit, " qu a-qu'à-sut " est doué

d'une faculté spéciale qui lui permet de res-

tituer à l'occasion ce qu'il avale, quand le

saveur lui en paraît indiscrète, et, il n'est pas

douteux, qu'il ne sache, que le plus sûr remède
contre l'ingestion d'une substance toxique,

est le vomissement.

A quoi doit-il ses notions d'une thérapeu-

tique si bien conçue ? En est-il rede\able à

l'expérience, au raisonnement ou aux leçons

de ceux qui le précédèrent dans la vie ? Obéit-

il simplement aux impulsions de l'étrange

moteur auquel on a donné si improprement, à

mon avis, le nom "d'instinct ? " Doit-on attri-

buer également à ce dernier l'abstention de

ses congénères et leur répugnance, si nette-

ment accusée, pour un lieu témoin de tant

d'angoisses et de tant d'efforts ? Quels pou-

vaient être les mobiles et les causes d'une

semblable attitude, que Ton ne saurait sans

ânerie, rapporter à un développement anormal

de l'odorat ? Je ne jouis pas de l'instiuct du

carcajou, aussi, ne vois-je que deux solutions à

ce problème. Sans doute, il y en a bien d'au-
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très, mais ce sont les seules, je l'avoue à ma
honte, qui me soient fournies par mon intel-

ligence humaine.

Ou j'ai été victime d'un vaste mensonge, ce
que je me refuserai toujours à croire, les faits

m'ayant été exposés par un chasseur ; ou, 1©

carcajou est très fort en toxicologie et possède
un langage très éloquent, dont il se sert, au
lieu d'en faire mauvais usage, pour avertir ses^

amis de même poil des dangers qu'il a courus
et de ceux qu'ils sont exposés à courir.

Après tout ce que je viens de dire, il semble-
rait que s'en parer d'un carcajou, soit une
œuvre impossible. Il n'en est rien cependant.
Il est même assez facile d'en capturer une
grande quantité d'instinct moyen ou touchant
à l'idiotisme. Car, ainsi que pour le renard
et pour toutes les bêtes du bois, l'étiage " ins-

tinctectuel "— puisse la Postérité me par-

donner ce néologisme ! —de cet animal varie

à l'infini. " Quâ-quù-sut " ne se prend jamais.

Voici ce que dit Monsieur Payue :

" C'est le plus grand ennemi des Esquimaux,
et s'il en parait un en aucun temps près de
leur camp, ils ne prendront pas de repos qu'ils

ne l'aient tué. Et quand il en est rapporté un,

il y a toujours grande réjouis ance. C'est le

plus ingénieux voleur qui existe dans cette
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région et il n'îst aucune cache à son épreuve

tant il est fort. Il roulera de gros cailloux,

et une fois dans la cache il ne perd pas son

temps à détacher les sacs en peau d^- phociue,

mais il fait bientôt un trou, et en véritable

Esquimau, il vit d'huile et de gra; . de pho-

que jusqu'à ce que le sac soit vide ; alors il

tourne son attention vers une autre cache.
•' Les dispositions au vol i.e cet animal sont

tellement semblables à celles d'un être humain
malhonnête, qu'un Esquimau connu pour vo-

leur est toujours appelé "Kuljvie" par ses

compatriotes.
" Heureusement cet animal est peu nom-

breux dans cette localité, quoiqu'on en prenne

souvent dans des trappes à quehpies milles à

l'ouest, où il existe, comme le loup, pendant

l'année entière."

Voici ce qu'ajoute Monseigneur Clut :

" Les pékans, les martres se prennent géné-

ralement au moyen de pièges en bois et en

fer. Le carcajou est l'ennemi du pays et

des pauvres Indiens, parce qu'il détruit les

pièges en bois tendus pour les pékans, les mar-

tres et les visons, et sans se faire prendre.

C'est l'animal le plus rusé que je connaisse
;

mais il a des instincts de malice immonde
sans pareils."



— 141 -

Tous les animaux se chassent au fusil. On
peut donc tuer un carcajou tout comme on
tuerait un lapin. Mais il n'est pas toujours^

aisé de Tapereevoir. Cependant, le cas se pré-

sente, quoique bien rarement ; aussi, tuer un
carcajou au fusil est une aventure, rien qu'une

aventure, et il n'existe pas de coutume spé-

ciale qui régisse cette sorte de chasse. Au
piège, il est plusieurs manières de procéder.

En voici une.

On érige une attrape assez grande et on
l'amorce avec un lambeau d'étoffe, dernier ves-

tige d'un vêtement que vous avez abandonné.

Derrière la cabane de l'attrape, — (je suppose

que l'on n'a pas oublié qu'une trappe est tou-

jours protégée en arrière par une clôture en
piquets solidement enfoncés et solidement

recouverts qu'on appelle '' la cabane ", cabane

qui empêche l'animal d'atteindre l'appât

autrement que par le côté où peut jouer le

piège ou la " tombe "),—on plante sur un
espace de quelques verges carrées un bois

factice, en enfonçant en terre des branches

vertes assez grosses et garnies de leurs feuil-

les. Puis au milieu de ce petit bois improvisé,

on place deux ou trois pièges soigneusement

dissimulés, comme on le fait pour le renard et

en prenant plus de i)récautions encore, s'il est
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.

possible. Le rarcajou, qui voit la possibilité de

l^river'le chasseur d'un vêtement qu'il lui croit

indispensable, mais aussi qui connaît les

effets de l'attrape ou du piège, se garde bien

de se présenter de front, il contourne la cabane

afin d'en briser la clôture et s'emparer sans

danger, croit-il, de l'objet de sa convoitise ; et

pour y parvenir, il pénètre dans le petit bois

et se prend quelquefois, pas toujours, dans les

pièges que vous avez disposés à cet effet.

Voici une autre méthode : On suspend à un
arbre un paletot ou un pantalon, une poire à

poudre ou un fusil, des provisions ou des

bottes. Cela doit être fait sans prendre aucune
précaution, de la façon la plus naturelle possi-

ble, puis, avec toute la ruse dont vous êtes

capable, avec toute l'habileté dont vous êtes

certainement susceptible, vous placez plu-

sieurs pièges autour de l'arbre. L'animal lors-

qu'il a connaissance de vos armes, de vos vête-

ments ou de vos provisions, se met en frais de

s'en approcher afin de vous jouer un mauvais

tour. Mais il ne se presse pas, il connaît trop

le chasseur pour cela. Il tourne autour de

l'arbre, il fiaire, il inspecte et il finit toujours

par rencontrer quelques-uns de vos pièges

dont il saisit la chaîne et qu'il fait partir.

Quelquefois, il les découvre tous, alors vous
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avez perdu, ou l)ien peu s'en faut, vos effets,

vos pièges et votre temps. D'autres fois, tran-

quilisc par l'exécution de quelques-uns de vos

pièges, il coniposL^ avec son astuce habituelle,

s'approche trop vite et se prend dans l'un de

ceux qu'i. a dédaigné de découvrir. En dehors

de ces deux moyens, applicables à la capture

d'un carcajou d'intellect ordinaire, il y a l'at-

trape et le piège tendus dans un tout autre

but que celui de le prendre J'en ai vu fuyant

avec un piège à la patte, se reprendre dans la

même journée, un peu plus loin, dans un autre

piège tendu pour l'ours. Ce carcajou, de la

variété imbécile, se rencontre plus souvent

qu'on ne le croit, et c'est lui qui a fait douter

des aptitudes de " Quâ-(pià-sut." Mais, à

quekiue variété qu'il appartienne, je ne saurais

trop recommander de bien choisir le piège

destiné à le p'-endre. Il faut le choisir très

solide, le munir d'une chaîne à toute épreuve

et passer dans l'organeau un long bâton de

mascamina (cormier) bois très dur qui résiste

plus longtemi)s que les autres aux terribles

mâchoires de l'animal. Un carcajou pris n'a

plus qu'un seul désir en ce monde, s'échapper,

et vous pouvez arriver sur lui, sans qu'il inter-

rompe une minute le travail destiné à lui

rendre la liberté.
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Le carcajou ne se terre pas.

D'après les aborigènes, la femelle convoiteu
avril ou commencement de mai et met bas

d'avril en mai l'année suivante, deux ou quatre

petits, qu'elle soigne avec assez de sollicitude.

Elle porterait donc 12 mois. Si ce fait, que je

n'ai pu contrôler encore, était exact, il battrait

en brèche la loi qui veut que la durée de la

gestation des animaux soit en raison directe

de leur taille.

La fourrure du carcajou est marron foncé,

très épaisse et croisée sur le dos d'une nuance

plus pâle. C'est une belle fourrure qui vaut

toujours un bon prix

Le parcours géographique du carcajou s'étend

jusqu'au G6ème parallèle et peut-être un peu
plus loin. Il n'est que trop abondant dans
notre province.

On a calomnié l'ours, mais on a trop ménagé
le carcajou. Il est, avec le loup, et à un titre

plus élevé encore, la désolation des bois et des

chasseurs.

La destruction de ces deux animaux doit

être encouragée par tous les moyens possibles.

Tuer un loup est une bonne affaire. Tuer
un carcajou est non seulement une bonne
affaire, mais encore une bonne action.

* *



10



From: A J
To: Grizzle, Betty
Subject: Re: Wolverine and white markings
Date: Thursday, May 4, 2017 2:20:01 PM

You can find Cartwright's book on Amazon; I have the paperback edited by Townsend
originally published in 1911, but I see there is a new book out in 2013 that I will have to get.
By the way, take any data on wolverines gathered by Fortin with a grain of salt. OK if he cites
other data but I would consider his own observations of wolverine tracks with some
reservation. I worked with him in Ontario.

On Thu, May 4, 2017 at 12:01 PM, Grizzle, Betty <betty_grizzle@fws.gov> wrote:
I have not seen the Captain Cartwright document. What year was that?

Here are de Puyjalon pages just for wolverine (in French).  The entire publication is just
over 20MB, so let me know if you want everything.
The reason for locating this was because it was cited in Fortin (2005) and I wanted to check
his 66th parallel notation (page 4), about wolverines found at that range or perhaps further,
which is correct (page 144 of de Puyjalon).  de Puyjalon also says they inhabit Labrador
(earlier in document), but are rare below the 47th parallel (p. 126).  Based on her translation
of his discussion, my sister said that he really hated wolverines!

Full citation from Fortin:  De Puyjalon, H. 1900. Histoire naturelle à l’usage des chasseurs
canadiens et des éleveurs d’animaux à fourrures. Imprimerie du Soleil, Québec. 428 pp.

On Thu, May 4, 2017 at 12:26 PM, A J <222wsheridan@gmail.com> wrote:
I would love to see the Labrador material you referred to. I have a special interest in
Labrador having looked for wolverines there. Have you looked at "Captain Cartwright and
his Labrador Journal" (edited by Charles Wendell Townsend M.D.)." He mentions
wolverines (he trapped) on pages 73, 93, 98, 197, 202, 210, 228, 255, 261, and 268.

On Thu, May 4, 2017 at 11:15 AM, Grizzle, Betty <betty_grizzle@fws.gov> wrote:
Here are selected pages from Novikov (front matter and Gulo account, which starts on
page 30 of pdf file).  

I also had my sister help me translate Henri de Puyjalon's 1900 wolverine discussion
(Labrador area of Canada) and also found (online) Seton's Life Histories of Northern
Animals 1909 and wolverine account, which includes a range map (at that time) for the
3 "races." This was was modified by van Zyll de Jong (1975), which is where I found
the Novikov citation! 

On Thu, May 4, 2017 at 12:02 PM, A J <222wsheridan@gmail.com> wrote:
yes, I'd like to see them; I'm not sure if that is in my library!
It seems the Scandinavian, Finnish, Russian wolverines tend towards the coloration
you described. But there are certainly exceptions and I'm not sure anyone has looked
at this objectively across broad areas.

On Thu, May 4, 2017 at 10:56 AM, Grizzle, Betty <betty_grizzle@fws.gov> wrote:
FYI - I found Novikov's book - Fauna of USSR, Carnivorous Mammals (translation)
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from used bookseller.  I was looking for the foot loading discussion for wolverines. 
He states that predominant color of trunk is dark cinnamon brown, or light reddish
brown, and that tips of paws are almost black.
Also, he says that dens usually built in clefts in rocks, among stones, or under roots
of upturned trees.  
I can send a scanned copy of the pages if you're interested.

On Thu, May 4, 2017 at 11:38 AM, A J <222wsheridan@gmail.com> wrote:
Yes, and we could get samples from trappers in AK. Jens is capturing wolverines
right now. I assume they photograph their animals but doesn't hurt to ask. He
should have lots from northern Sweden and a few from southern Sweden. And
then there are the Norwegians and the Finnish researchers. Rebecca Watters may
be able to help with the Mongolian animals but I don't know if she has photos that
match DNA samples. I could inquire with the fur buyer here if he still goes to
Russia for pelts.

Sent from my iPhone

On May 4, 2017, at 10:21 AM, Grizzle, Betty <betty_grizzle@fws.gov> wrote:

Thanks Audrey.  Seems like this would be an interesting part of a
larger and more comprehensive genetic study. 
I will send message to Jens today.

On Thu, May 4, 2017 at 11:04 AM, A J <222wsheridan@gmail.com>
wrote:

Hi Betty
I don't think anyone has looked at white traits in wolverines on a
global scale, either prevalence or genetic markers. White markings
on the feet are common (but not dominant) in Alaska, at least on the
North Slope and Southeast Alaska where I have worked. I have
attached an unusual individual, which I believe was caught in
Alaska. One trapper I know in NE Alaska showed me a "white"
wolverine he captured. Not an albino, but white with cream
highlights where black would occur on a "normal" wolverine. From
what I know of wolverines in Scandinavia, there is much less white
even in the chest pattern. Jens could speak to whether they have
ever gotten a white-footed wolverine. There may be regional
differences in the occurrence rate and prominence of white
markings, which suggests a genetic marker that runs in the
population until something changes it. I once asked a fur buyer in
Fairbanks about regional differences, and he said there were
differences in the size and color of the diamond on wolverines
across Alaska.We didn't discuss white feet. Some wolverines,
almost as rare as white ones, are nearly completely black. It would
be interesting to see if there are genetic differences and if they
change over time regionally. The "white-less" wolverines in
Scandinavia may be because the population may have descended
from a few dark individuals and could change over time as the
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population increases and expands and dispersers arrive from Russia.
The local buyer has purchased wolverines from Russia. I will have
to talk to him again to see if white feet occurred on the hides he
purchases. It seems to me I recall Jeff Copeland mentioning that he
thinks a dominant male in an area can determine the coloration of
the individuals in an area and perhaps he has worked with genetics
along these lines. It does seem that wolverines from Montana more
commonly had larger areas of white on chest, legs, and feet than in
other areas. Bob Inman certainly has captured individuals like this.

On another subject, did you hear from Jens in response to your
email? Did you ask him about the number of dens outside the snow
model that they now have? He is going to try to photograph some of
these den sites in the coming week.
Audrey

On Thu, May 4, 2017 at 9:28 AM, Grizzle, Betty
<betty_grizzle@fws.gov> wrote:

Hi Audrey - You may have seen this OpEd from the Great Falls
Tribune.

Wolverine study’s plan preferred to endangered
species listing
GreatFalls Tribune/Opinion

May 2, 2017 

 

During a multi-state survey this winter to establish a baseline of where
wolverines live in the U.S., one of the solitary mountaineers was
photographed by a motion-detecting camera 65 miles southeast of
Great Falls in the Little Belt Mountains.... http://www.great
fallstribune.com/story/opinion/2017/05/02/wolverine-studys-plan-
preferred-endangered-species-listing/101208748/

 

I noticed that one of the photographs (Pintler Mtns) shows a
wolverine with white on its front paws.  I had read (somewhere)
about this interesting characteristic and ask Bob Inman if he knew
whether this was unique to North America or Montana, and
whether this has been observed in wolverines in Scandinavia.  He
said that they have seen fairly extensive white markings, often on
the foot, in GYE and Montana, but did not know about other
populations. 

I also read the following account of almost all-white wolverines
from Cardinal's report:

From Cardinal 2004 Aboriginal Traditional Knowledge
COSEWIC Status Report on Wolverine Gulo gulo Qavvik: (page
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7)
"A nearly all-white variant of wolverine has been trapped by
hunters in the Kitikmeot region. Knowledge holders in the region
state that this variety is very rare; in all of the other regions, only
one other knowledge holder reported catching a wolverine that
had a significant amount of white on it. Knowledge holders also
mentioned that this variant has always occurred in this one area
and reported their parents had caught this variety in the past. A
pelt was also on display at the local HTC."

Question for you: Do you know if anyone has looked at these
traits (on global scale) and how prevalent they are?  And whether
anyone has investigated the genetic markers for this?

Thanks.
-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax

tel:(760)%20431-9440
tel:(760)%20431-5901


From: Conor McGowan
To: Grizzle, Betty; Justin Shoemaker/R6/FWS/DOI; Conor McGowan; Guinotte, John
Subject: Wolverine Prototype model
Date: Monday, May 8, 2017 3:37:43 PM
Attachments: Wloverine1.xlsx

Hi folks,

I've put together a pretty simple deterministic model for Wolverines.  I converted the basic
demographic rates from the scandanavian life table and input them on the spread sheet.  I also
incorporated functions to allow a population ceiling that can be annually reduced to reflect
habitat loss, a function to lower adult male survival to capture the effects of possible road
construction and disturbance on male survival, and function to reduce productivity to relect the
possible effects of snow of denning success.

If you want to schedule a call to look at this I'd be happy to go through it.  I think it is a good
start, capturing most of our thoughts on the issues faced by wolverines, but it would require
stochasticity and a better capturing of uncertainty.

Thanks,

Conor

-- 
//----------------------------------------------------------------------------------------------
Conor P. McGowan, Ph.D.
Assistant Leader and Associate Research Professor
USGS, Alabama Cooperative Fish and Wildlife Research Unit
School of Forestry and Wildlife Sciences,
Auburn University
Auburn, AL 36849-5418

EM:cmcgowan@usgs.gov
Ph:334 844 9231
www.auburn.edu/~cpm0014
//----------------------------------------------------------------------------------------------
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Wolverine

Ni 350 initial abundance
Sri 0.5
Sam 0.84 0.005 Male survival decline due to dispersal
Saf 0.89
Si 0.861
Sy 0.79
Ff 0.913 0.1 Fertility decline due to snow loss female male
Fm 0.74 0.1 Fertility decline due to snow loss 0 175 175
csr 0.4 1 199 190
Max pop 700 0.01 decline in K due to habitat loss 2 218 196
Fim 2 3 241 204
Mim 5 4 265 213

5 292 224
6 321 237
7 353 251
8 388 267
9 420 281

10 426 279
11 431 278
12 380 234
13 385 226
14 379 211
15 369 195
16 355 177
17 337 158
18 315 137
19 290 116
20 261 94
21 230 73
22 196 52
23 161 32
24 126 13
25 90 0
26 53 0
27 19 0
28 1 0
29 0 0
30 2 5



P-preg sex ratio MaxPop Sam tot pop Lambda
0.39 0.5 700 0.84 350
0.39 0.488432 693 0.8358 389 1.111429 0.561328 -0.43867
0.39 0.47343 686 0.831621 414 1.064267 0.603499 -0.3965
0.39 0.458427 679 0.827463 445 1.074879 0.655376 -0.34462
0.39 0.445607 672 0.823326 478 1.074157 0.71131 -0.28869
0.39 0.434109 665 0.819209 516 1.079498 0.77594 -0.22406
0.39 0.424731 658 0.815113 558 1.081395 0.848024 -0.15198
0.39 0.415563 651 0.811037 604 1.082437 0.927803 -0.0722
0.39 0.407634 644 0.806982 655 1.084437 1.017081 0.017081
0.39 0.400856 638 0.802947 701 1.070229 1.098746 0.098746

0.181489 0.395745 632 0.798933 705 1.005706 1.115506 0.115506
0.174203 0.392102 626 0.794938 709 1.005674 1.132588 0.132588
0.152215 0.381107 620 0.790963 614 0.866008 0.990323 -0.00968
0.129771 0.369885 614 0.787008 611 0.995114 0.995114 -0.00489
0.105254 0.357627 608 0.783073 590 0.96563 0.970395 -0.02961
0.081489 0.345745 602 0.779158 564 0.955932 0.936877 -0.06312
0.055414 0.332707 596 0.775262 532 0.943262 0.892617 -0.10738
0.028384 0.319192 590 0.771386 495 0.930451 0.838983 -0.16102

0 0.303097 584 0.767529 452 0.913131 0.773973 -0.22603
0 0.285714 578 0.763691 406 0.89823 0.702422 -0.29758
0 0.264789 572 0.759873 355 0.874384 0.620629 -0.37937
0 0.240924 566 0.756073 303 0.853521 0.535336 -0.46466
0 0.209677 560 0.752293 248 0.818482 0.442857 -0.55714
0 0.165803 554 0.748532 193 0.778226 0.348375 -0.65162
0 0.093525 548 0.744789 139 0.720207 0.25365 -0.74635
0 0 543 0.741065 90 0.647482 0.165746 -0.83425
0 0 538 0.73736 53 0.588889 0.098513 -0.90149
0 0 533 0.733673 19 0.358491 0.035647 -0.96435
0 0 528 0.730005 1 0.052632 0.001894 -0.99811

#DIV/0! #DIV/0! 523 0.726354 0 0 0 -1
0.39 0.714286 518 0.722723 7 #DIV/0! 0.013514 -0.98649
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Wolverine Report Text FINAL DRAFT 5May17.docx

John Guinotte
Fish and Wildlife Biologist
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region 6
134 Union Blvd., Lakewood, CO 80228
303-236-4264
john_guinotte@fws.gov
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From: Joe Barsugli <joseph.barsugli@noaa.gov>
Date: Fri, May 5, 2017 at 2:55 PM
Subject: Wolverine Report 5MAY 2017 -- including Exec. Summary
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Andrea Ray <Andrea.Ray@noaa.gov>, Candida Dewes <Candida.Dewes@noaa.gov>, Imtiaz
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Steve, John (and the team)

It has been hectic with me sick and Andrea at a conference, but A new version of the Text and
figures have been uploaded to the drive.  

Numerous changes:

Figures have been updated/fixed, and a couple of figures added to the elevation
dependence discussion for the model output.
Executive Summary has been added to the text.
Numerous comments from John and Kevin were addressed.

The main substantive changes are an expansion of the elevation-dependence discussion in the
modeling section and the addition of the Executive summary. Other changes were either fixes
to figures, or clarifications/re-writing to address comments from John and Kevin.  There are
many of these, and a few sections were re-organized to lead to better flow, but without
changing the underlying content.    

I am attaching a PDF  and DOCX versions of the text here, but the .docx and .pdf version of
text and figures are on the drive.  I have ALSO included a "track changes"  .docx file for those
interested. 

We have not gone through this with a fine toothed comb, so there may still be a few small
things.  But Better to get this to you now.  
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-- 
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CIRES, UCB216
University of Colorado Boulder
Boulder CO 80309
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Attribution and Predictability Assessments Team Member
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Executive	Summary	
 
Overview: This study is a fine-scale assessment of snow extent and depth at two areas in and in 
the vicinity of Glacier (GLAC) and Rocky Mountain (ROMO) National Parks.  The analysis was 
done for  both the recent past, using MODIS satellite-based remote sensing, and in historic 
simulations and projections of future snowpack  using a high-resolution hydrologic model. The 
fine scale hydrologic modeling allows for the consideration of  snow processes such as 
dependence on terrain slope and aspect that are important to understanding high elevation snow 
persistence in a changing climate and were not considered in previous work.   
 
Methods: The report intentionally builds on previous work by McKelvey et al. (2011) extending 
that work by providing a higher resolution spatial scale analysis for two case study areas, and a 
broader range of future scenarios. Two areas were studied: a high latitude, low elevation area 
within Glacier National Park (Figure 2-1) that is currently occupied by wolverines and a lower 
latitude, high elevation area within Rocky Mountain National Park (Figure 2-2).A detailed 
comparison of their methodologies and ours is provided in Table 2-1. The project uses methods 
from the peer-reviewed, published literature to:  
● Explicitly model the effects of slope and aspect, using fine-scale spatial models to 

analyze topographic effects on snow 
● Better represent the range of plausible future changes (climate scenarios) 
● Analyze extremes: we selected representative wet, dry, and near normal years from the 

historic record and assessed how these might change in the future 
○ Representative years for GLAC: 2011 (cool wet), 2005 (warm dry), 2009 (near 

normal). 
○ Representative years for ROMO: 2011 (cool wet), 2002 (warm dry), 2007 (near 

normal). 
● Assessing change in snow by elevation.  

 
MODIS Observed Historic Snowpack Variability Analysis: Satellite-based MODIS snow cover 
data was used to assess the historical variability of snow cover in the study areas and as a basis 
for the spatial evaluation of the hydrologic model simulations. The historical observed snow 
cover was analyzed for its dependence on terrain elevation and aspect (compass direction that the 
slope faces).   

● In GLAC, snow covered areavaries considerably by year, including “wet” years such as 
2011 with very persistent snow, years with strong melt in early May, such as 2012, or in 
late May (2009, 2001), and “dry” years (2004, 2005). The period of the modeling study 
in Section 5 ends in 2013 due to dataset limitations, but it is worth noting that the last two 
years of the MODIS record, 2015 and 2016 show low snowcover (Section 4.3).  

● Even in dry years, NE-facing slopes in GLAC tend to hold more snow and melt later in 
the season. There is > 80% snow cover above ~2000 m elevation on May 1 during dry 
years, and > 95% snow cover above ~1200 m during wet years. Snow conditions on June 
1 during wet years resemble those for May 1 during near-normal years. 

● In ROMO, snow covered area also varies considerably by year (Section 4.4). 
● NW-facing slopes in ROMO tend to hold more snow even during dry years. In very dry 

years, snow cover peaks at intermediate elevations, suggesting that the high-altitude 
snowpack may be particularly vulnerable in this region under warm/dry conditions. 
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Future Snowpack Projections: The Distributed Hydrology Soil Vegetation (DHSVM) was run in 
historical simulations of the period 1998-2013.  The model was validated against SNOTEL in-
situ snow observations and MODIS snow cover. The model was then run for five scenarios of 
the future which represent a nominal 2055 climate. Scenarios were selected from CMIP5 global 
climate model (GCM) projections, and were chosen to span a large fraction of the range of the 
CMIP5 ensemble projections in each study area in terms of precipitation and temperature 
changes. Representative Wet, Near Normal, and Dry years were analyzed for the historical 
simulations and how each of these years plays out under these five future scenarios. The number 
of years (out of 16) with snow above 0.5m depth was also analyzed as was the change in Snow 
Covered Area (SCA) with depth greater than 0.5m. The average change in SCA and Snow Water 
Equivalent (SWE) was analyzed as a function of elevation, and for GLAC was overlayed with 
the elevations of wolverine den sites. (Section 5)  
 
For the study area in Glacier National Park (GLAC), projections for May 15th Snow Covered 
Area and area with snow depth greater than 0.5 meters declines on average in all scenarios and 
for almost all years (Section 5-11). This is a12-42 percent decline in snow covered area, and a 
15-68 percent decline in area with snow depth > 0.5 meters for the scenarios considered.  
● The Warm/Wet scenario shows the least change compared to the historic snow cover in 

terms of the area of significant (0.5 meter) snowpack, comparable to only a small shift in 
time. In contrast, under the Hot/Wet scenario, on May 1 the area covered by >0.5 
snowpack is smaller than the area covered on June 1 in the historic record – a shift of a 
month earlier. 

● All projections show declines in the number of years with significant snow. The areas 
with frequent (14-16 years) availability of significant snow become concentrated in 
smaller high elevation areas.  

● For wet years, the high elevations of the study areas result in little loss of snowpack 
under most scenarios of change. 

● For high elevation areas, there is little change in SCA for 4 of the 5 scenarios above 
2200m. As in a mirror image there is greater than 95 % loss of SCA below 1400m for 4 
of the 5 scenarios. Between these two elevations – and in the regions where most 
observations of dens have been noted – the snowpack change is very sensitive to 
elevation and to the particular future climate scenario. 

 
 
For the study area in and around Rocky Mountain National Park (ROMO), projections of May 
15th Snow Covered Area in ROMO (13mm threshold on May 15) declines on average in all 
scenarios and for almost all years. (Section 5-12) 
● There is a 12-52 percent decline in snow covered area, and a 7-64 percent decline in area 

with snow depth > 0.5 meters for the scenarios considered.  
● Snow Covered Area in ROMO (0.5 m threshold on May 15) generally declines in wet 

years, but may increase in dry years in those scenarios with increased precipitation.  
● Some scenarios with increased precipitation show increases in May 15 snowpack at the 

higher elevations in both study areas, but decreases in snowpack at lower elevations. This 
can lead to an increase in the area of > 0.5 meters of snow for “dry” years. 

● ROMO exhibited more uncertainty in projections than GLAC 



 

 4 

○ ROMO has more uncertainty as to whether precipitation will increase or decrease.  
○ The beneficial effect of increased precipitation on snowpack is more prominent 

earlier in the Spring. In the Warm/Wet scenario, the area of significant snow on 
May1 increases on average, though it decreases on May 15.  

○ For wet years, the high elevations of the study areas result in only modest loss of 
snow cover under all scenarios of change. However even in wet years, the area of 
significant snowpack can decline by almost 50% for the Hot/Dry climate change 
scenario. (Section 5-X) 

 
Elevation dependence of change (Section 5.13): In general, and supported by the literature, the 
snowpack at the higher elevations of both areas is more responsive to precipitation change, while 
at lower elevations it is more responsive to temperature change.  For GLAC, most of the 
observed den sites are located just below the precipitation-dominated zone, and therefore at 
elevations where the changes in snowpack are highly dependent on the climate scenario and also 
on elevation.    For high elevation areas there is loss of SCA for four of the five future scenarios, 
with an increase only in the Warm/Wet (giss) scenario. The climate of ROMO is, on average 
drier than that of GLAC, and the regions of the model simulations that have significant snow in 
most years is restricted to the two smaller areas within the domain (Figure 5-21). As a result the 
characteristics of the present-day climate does not act to buffer changes in the area of significant 
snow on May 1st as it does in GLAC.  
 
Comparison with McKelvey’s results (Section 6):  There are challenges in making a direct 
comparison between the studies due to differences in the goals and spatial scale. McKelvey 
investigated persistence of even a light snow cover to May 15th as a correlate of wolverine 
habitat, as noted in Aubry et al (2008). This study focuses on high-elevation terrain and on the 
persistence of deeper snowpack. However, the following comparisons are valid:  
● Snow cover persists in our study areas, even for the hotter scenario of change in the 

McKelvey study (miroc “2080’s). The greatest loss of snow cover in McKelvey occurs at 
lower elevations that were deliberately not included in the GLAC or ROMO study areas.  

● McKelvey focused exclusively on the persistence of even light snow cover on May 15th. 
Because of the increased resolution of our study we are able to consider whether any 
pockets of snow with depth greater than 0.5 meters will persist in these areas. Results 
vary according to scenario, but generally show declines in SCA with depth greater than 
0.5 meters by the 2050s, as noted above. 

● Our results may reasonably be generalized to the high mountain ranges within the 
Rockies that lie between GLAC and ROMO, with projections on average wetter in 
GLAC. However, without further study we cannot reasonably extend our results to say 
whether or not snow refugia may persist in the Central Rockies at lower elevations where 
McKelvey indicates the greatest snowpack losses, nor to the Cascades with its very 
different maritime climate.     
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1 Introduction	

1.1 Motivation	
 
This report responds to the United States Fish and Wildlife Service (FWS) need for information 
on potential climate impacts to snow persistence. The North American wolverine (Gulo gulo 
luscus) is currently being evaluated for listing as a threatened or endangered species under the 
Endangered Species Act (ESA) and climate change effects on snow persistence was identified as 
an important factor for the future viability of the wolverine. The species was considered for 
listing in 2014, but FWS concluded that it did not warrant listing. They further concluded that 
there is significant uncertainty about how the effects of climate change will affect wolverines and 
their habitat in the foreseeable future, and that this uncertainty includes information on how fine-
scale changes in snow cover and persistence might affect denning site selection.  
 
This report provides FWS with a finer scale assessment of snow extent and depth at which 
extends previous work by McKelvey et al. (2011). We believe the inclusion of finer scale 
analyses as well as additional snow processes such as slope and aspect are critical to 
understanding high elevation snow persistence in a changing climate. 
 
ADD By design, our methods are from the peer-reviewed, published literature, etc. What we find 
is consistent with past research  
 
Funding was provided by the U.S. Fish and Wildlife Service, Region 6 and the NOAA/Earth 
System Research Lab/Physical Sciences Division. This effort builds on work underway by the 
project team at NOAA/ESRL/PSD, the NOAA-University of Colorado (CU) Cooperative 
Institute for Research in Environmental Sciences (CIRES), and CU Department of Civil, 
Environmental & Architectural Engineering.  
 

1.2 Project	Objectives	
 
Persistent spring snowpack has been described as an important factor in determining suitable 
habitat for the wolverine, including Northern boreal forests and subarctic and alpine tundra 
(Aubry et al, 2007, Peacock et al, 2011). This relationship was the basis for the analysis by 
Copeland et al. (2010) and McKelvey et al. (2011) used in the previous FWS decision. In both 
studies, climate change projections of snowpack were used to characterize potential future 
wolverine habitat.  
 
The goal of this effort is to identify the depth and persistence of spring snow in the future. Our 
primary objective is to advance scientific understanding of the current spatial extent of spring 
snow retention on the landscape, and the future temporal and spatial extent of snow retention 
through a thirty-year period, 2041-2070, centered on the year 2055. We aim to advance snow 
analysis and modeling to better support assessment of snow-related species, in the following 
ways:  

• Explicitly model the effects of slope and aspect, using fine-scale spatial models to 
analyze topographic effects on snow 
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• Better represent the range of plausible future changes (climate scenarios) 
• Analyze extremes: wet and dry years from the historic record and how these might 

change in the future 
 
Our strategy was to build on previous methods where possible to be comparable to work by 
McKelvey et al. (2011) and Copeland et al. (2010).  We departed from their methods where 
necessary to take advantage of analysis techniques not feasible at the large scales used in the 
studies done by those authors. These include new scientific data and tools that are now available, 
including the following: 

• Use of a longer time series of satellite and in situ observations 
• Analysis of historic snowpack variability to investigate the influences of topography on 

snow cover  
• Use of more recent climate model output and improved criteria for choice of climate 

change scenarios 
• Use of hydrologic modeling at highly resolved (250m) spatial scale for simulation and 

future projection of snow cover and depth for two case study areas in Glacier National 
Park and Rocky Mountain National Park. 
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2 Project	Overview	and	Background	

2.1 Overview	
 
We first reviewed the observed climate and variability, in order to provide context for future  
changes (Section 3). We next analyzed historic snow variability from satellite remote sensing of 
snow extent from the year 2000 to present to determine areas of greater and lesser sensitivity to 
climate drivers (temperature and precipitation), and identify possible snow refugia. Prior studies 
also show a relationship between terrain (slope and aspect) and persistence of snow (e.g. 
Lundquist and Flint, 2006) and thus this factor is potentially important under in a changed 
climate. (Section 4). We then did an intercomparison of the satellite observations of snow with 
that from the DHSVM hydrologic modeling study that includes a representation of slope and 
aspect (the compass direction that the slope faces) of the terrain and shading on the snowpack. 
Finally, the DSHVM hydrologic model was forced with five future scenarios of climate change 
for each of the two study regions (Section 5). These future climate scenarios were derived from 
the latest Coupled Model Inter-comparison Project Phase-5 runs (CMIP5, Taylor et al., 2012) 
which informed the latest Intergovernmental Panel on Climate Change (IPCC) report (IPCC 
AR5, 2013).  
 
All methodologies were chosen to be consistent with those used in existing peer-reviewed work. 

2.2 Study	Areas	
 
High-resolution hydrologic modeling was needed to provide fine scale analysis of snow. 
However, given time, funding and computational constraints, it was necessary to limit the study 
domain to two areas of about 1,500-3,000km2 for high-resolution analysis. Two study areas 
representing core and peripheral habitat regions in the northern and central Rocky Mountains 
were identified in consultation with FWS Region 6 personnel (Figures 2-1 and 2-2). We 
bracketed the range of wolverine habitat conditions in the lower 48 habitat conditions, because 
we were restricted to smaller areas for analysis. The two sites chosen included a high latitude, 
low elevation area within Glacier National Park (Figure 2-1) that is currently occupied by 
wolverines and a lower latitude, high elevation area within Rocky Mountain National Park 
(Figure 2-2) that has had recent documented wolverine occurrence and could be a potential 
reintroduction site for wolverines. Both model areas encompassed elevations from ~250m below 
treeline to maximum elevation.  
 
The analysis for the GLAC and ROMO study areas is presented in separate sections, repeating 
descriptions to make the material self-contained for the reader who may read about only one 
area; similarly, complete captions are given for each area. 
 

2.3 The	West-wide	context	of	future	climate	
 
Global climate models (GCMs) are the primary tools used by climate science to examine the 
nature of climate change during the 21st century.  These models reveal both the uncertainty of 
climate projections as well as underlying regional patterns of change.   This section provides a 
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west-wide context for the specific choices of future climate scenarios that will be discussed later 
in the report.  
 
Understanding the uncertainty of climate projections is commonly approached through 
comparison of the results from multiple climate models (e.g. IPCC, 2013).  There are currently 
about 20 modeling centers worldwide that provide output from their best model or models to be 
considered in the Coupled Model Inter-comparison Project Phase-5 (CMIP5, Taylor et al., 2012), 
an international, coordinated modeling project which informed the most recent 
Intergovernmental Panel on Climate Change (IPCC) assessment report (IPCC AR5, 2013).  
When we quantify regional changes in climate variables such as temperature and precipitation by 
a particular time horizon in the 21st century, we find a large spread in the extent of warming and 
changes in precipitation, including both increases and decreases in precipitation, as shown in 
regional maps (Figure 2-4) and described later in Section 5. For temperature change, much of 
this spread (or uncertainty) is a result of the difference among the formulations of the GCMs 
(e.g., their climate sensitivities), whereas for precipitation it is both the differences among GCMs 
and internal climate variability. Some difference also comes out of the choice of future 
greenhouse gases (GHG) emission scenario. However, the differences among greenhouse gas 
emissions scenarios is less at mid-21st century compared to later in the century, and is much 
smaller than other sources of uncertainty at the regional scale (IPCC,2013).  
 
In addition to uncertainty, the CMIP5 climate models also reveal regional patterns of change.  
Figure 2-4 shows projected annual and seasonal temperature and precipitation changes by 2050 
(2035–2064) over the western U.S., including the northern and central Rocky Mountains, from 
an ensemble of the 34 climate models used for this study under the RCP 8.5, a high-end 
emissions scenario. The large maps show the average change for all of the models (n=34) for that 
season, and the small maps show the average changes of the highest 20% and lowest 20% of the 
models, based on the statewide change for Colorado in temperature or precipitation. For much of 
the central and northern Rockies, all models show a substantial warming (of +2.5°F to +5.5°F). 
While fewer models agree about the direction of precipitation change west-wide, even the lower 
(drier) models show an increase in winter precipitation for the area around Glacier National Park, 
although there is less agreement for the central Rockies area including Rocky Mountain National 
Park.   
 
The uncertainty of climate change motivates the choice of several future climate scenarios for 
each study region. The regional patterns of change indicate that the range of the climate 
scenarios chosen will differ somewhat from region to region.   The GCM output, and the specific 
selection of future climate scenarios for this study are discussed further in Section 5. 
 
 

2.4 Comparison	between	our	analysis	and	that	of	Copeland	and	McKelvey	
 
The Copeland et al. (2010) and McKelvey et al. (2011) studies were an integral part of the 
previous FWS decision process. Therefore, we present here a detailed comparison of their 
methodologies and ours, to establish both how our methodologies followed theirs when 
appropriate, and diverged where new data or updated methods were available.  A summary of the 
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most salient similarities and differences between our work and the studies used previously is 
presented in Table 2-1. 
 
 
Table	2-1:	Modeling	Methods	Compared	to	McKelvey	
	
	 McKelvey	(Littell)	 This	Study	

Spatial	Resolution	
(modeling)	

VIC	model	–	1/16	degree	(~5km	
x	7	km,	~37km2	cell)		

DHSVM	model	-	250m	x	250m	UTM	
grid	(~0.0625	km2	cell)	
	

Spatial	Extent	 Westwide	except	California	and	
Great	Basin	
	

ROMO	and	GLAC	study	areas,	near	
and	above	treeline	

Process	
differences	

Slope	and	aspect	were	not	
modeled	and	the	mountains	
were	assumed	to	be	flat	from	a	
solar	radiation	process,	implicit	
elevation	bands.		
	

Slope,	aspect,	shading,	explicit	fine	
scale	elevation	effects.		

Validation	 None	specific	to	snow		 Comparison	to	SNOTEL	(ground	
stations)	and	MODIS	(satellite)		

Future	Scenarios	 Delta	Method;	“2045”;”2085”;	
from	3	GCMs	selected	to	span	
westwide	temperature	changes.	
	

Delta	Method:	”2055”	from	5	GCMs	
spanning	regional	changes	in	
temperature	and	precipitation	

Analysis	 Changes	in	long-term	mean	
snowpack	only	
	

Means	and	variability,	including	wet,	
near	normal	and	dry	years.		

Snow	
representation		

Binary	snow/no	snow	at	13	cm	
snow	depth		

Analyzed	snow	depth	at	two	
thresholds:	13mm	of	SWE	(‘light	
snow’)	and	0.5m	depth	(‘significant	
snow’)	

 
 
Both Copeland et al (2010; hereafter, simply Copeland or the Copeland study)  and McKelvey 
present analysis based on satellite remotely-sensed snow cover from the MODIS .  For example, 
Copeland calculated the number of years with snowcover on May 15th as detected in the MODIS 
snowcover dataset, by calculating a snow disappearance date. They found that most (45 of 75) 
North American den sites were in areas that snow cover persisted with 6 or 7 out of 7 years on 
May 15th. We also provide a historical analysis of remotely sensed snow cover from  MODIS.  
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We also investigated the of number of years of snow persistence for our study areas, however, 
the new MODIS product has two advantages over that available at the time of their study, 1) 
improved snow detection (snow covered area, SCA), and 2) 17 years of MODIS data is now 
available vs the 7 available to Copeland and McKelvey. Furthermore, we investigated the 
relationships between snow cover persistence and both elevation and aspect (the compass 
direction of the slope face).   
 
Both McKelvey and the present study investigate projections of snow cover using a distributed 
hydrologic model.   McKelvey et al. (2011) (hereafter, simply McKelvey or the McKelvey 
study) focused their analysis on May 1st snow depth simulated by the Variable Infiltration 
Capacity hydrologic (VIC) hydrology model (1/16 degree, ~5km x 7 km), “flat” gridboxes, or 
cells, with no slope aspect dependence).  The May 1st snow depth was then converted into a 
proxy for May 15th snow disappearance by applying a threshold of 13 cm – a procedure they 
refer to as “cross-walking”.  All subsequent calculations of theirs were done using the May 15th 
snow cover proxy.   The VIC model runs were documented in Littell et al. (2011) and were based 
on meteorological inputs from Elsner et al. (2010). The present study uses the Distributed 
Hydrology Soil Vegetation (DHSVM) model, which was developed by the same group at the 
University of Washington for fine-scale simulations, and shares many model components with 
the VIC model.  The primary output of DHSVM is snow water equivalent (SWE).  We 
investigate several thresholds for converting SWE to “snow cover”.  Conversion of SWE to 
snow depth is done using empirically derived conversion factor relevant to late Spring.   
 
To generate future climate scenarios, Littell (on which McKelvey results are based)  used the 
“delta method” (described later in Section 5) for the projected changes in climate compared to 
present day. This study also uses the “delta method,” applied in a similar manner.  The 
McKelvey study used a range of temperature change to select GCMs representing the range or 
spread of future scenarios. As shown below in Section 5.10 and Figure 5.7, their chosen future 
scenarios reflect a range of precipitation in GLAC, but in ROMO, the three scenarios have 
similar precipitation changes. This project selected a larger number of future scenarios selected 
based on changes in both temperature and precipitation, to be consistent with recommended 
strategies for incorporation of uncertainties into the assessment of impacts and developing 
adaptation strategies (e.g. Fisichelli et al, 2016 a,b, see Section 5-8). 
 
Analysis metrics, including the time frames of the projections differ somewhat between the two 
studies.   The McKelvey study calculated a metric for a historic period (1915-2005 average) and 
two futures, 30-year averages around “2045” and” 2085.” This study focused on a 30-year period 
around mid-century, “2055” to focus on FWS’ time horizons for the wolverine and due to time 
and computational constraints given the project budget. We also reproduce a single future 
scenario using one of the Littell (2011) “2080’s scenarios for direct comparison. Calculations for 
a later period using the CMIP5 climate models (e.g. ~2100) could easily be made, but were 
beyond the scope of this project. We provide analysis for two thresholds of snow amount, a 
“light” snow cover (13mm of snow water equivalent [SWE]), and significant, or “heavy” snow 
cover (equivalent to 0.5 m of snow depth). Because McKelvey only had access to May 1st snow 
depth simulation from Littell (2011), they chose to use a 13 cm snow depth on May1st as a proxy 
for snow disappearance by May 15th. We instead chose to use a much lighter threshold of snow 
on May 15th itself. Note that SWE is a measure of the water content in the snowpack; to estimate 
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depth, a density of the snow must be assumed, i.e. an approximation of whether the snow is 
heavy or light. Our threshold of 13mm SWE was originally chosen to be comparable to 
McKelvey’s snow depth. Our assumptions are discussed further in Sec. 5.6.  
 
An important difference between this study and prior work by Copeland et al. (2010) and 
McKelvey et al. (2011) is the spatial scale of results. McKelvey and Copeland both presented 
results on a regular 1/16 degree latitude-longitude grid, in which each cell, or gridbox is ~5-7 km 
on a side. These cells were assumed to be flat in the model-- that is they do not incorporate slope 
or aspect information in their surface energy balance. The result of this is north-facing slopes are 
treated identically to south-facing slopes. Our study uses the Distributed Hydrology Soil 
Vegetation Model (DHSVM) originally developed by Wigmosta et al. (1994)1 for simulating the 
snowpack at 250m x 250m resolution that incorporates other physical drivers of snowpack (a 
complete energy balance at the surface, a 2-layer snow model, and a 2-layer vegetation canopy 
model) and allows analysis of snow at different slopes and aspects (slope directions). The VIC 
modeling included the option for elevational snow bands within the VIC grid (Jeremy Littell, 
pers. comm.) but the snow band information was not explicitly used. Therefore, sub-grid scale 
elevational effects are implicit and approximate in the VIC model whereas it is explicitly 
modeled at the 250m-scale in DHSVM. A visual comparison of the gridbox sizes is shown  in 
Figure 2-3, for further description of the terminology used to describe spatial resolution, see 
“resolution” in the Glossary. 
 
It should be noted there are tradeoffs between our strategies and the methods of Copeland and 
McKelvey. The finer scale analysis presented in this report integrates slope and aspect with 
respect to snow accumulation and retention that are thought to be important for maintaining 
snow refugia for denning sites (see Fig 2 in McKelvey et al 2011). The disadvantage of this 
improvement in spatial resolution is we were only able to analyze two study areas due to time 
and computational constraints. The Copeland and McKelvey projects analyzed a much larger 
domain, including most of the wolverine range in the continental US, but does not provide 
detailed analysis of any habitat area. 
 
 	

                                                
1 The most up-to-date documentation of the DHSVM model, including changes to the model 
subsequent to the original reference, is available from the following website: 
http://www.hydro.washington.edu/Lettenmaier/Models/DHSVM/documentation.shtml) 
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3 Observed	Climate	and	Variability		
 
Key Points: 
 

• Both study areas show upward trends in both temperature and freezing level. 
• Surface Air Temperature and Atmospheric freezing level are related, with a stronger 

relationship in ROMO (that is, a greater change in freezing level for a given surface air 
temperature change)  

• Representative years chosen for GLAC: 2011 (wet), 2005 (dry), 2009 (near normal). 
• Representative years chosen for ROMO: 2011 (wet), 2002 (dry), 2007 (near normal). 

 

3.1 Introduction	
 
This section presents a historical analysis of the winter and spring climate variability for the two 
study regions, GLAC and ROMO, in order to provide context for future changes. This section 
includes a discussion of trends in temperature and freezing level; historical variability in cool 
season (October – May) temperature and precipitation for the study areas, choice of 
representative years during the simulation period for cool/wet, warm/dry, and near normal 
conditions for the two areas; and a ranking of the representative years in a longer climate record.  
A complete description of regional climate is beyond the scope of this project, but may be found 
in e.g. McWethy et al (2010), Garfin et al (2014), Lukas et al (2014), Shafer et al (2014), and 
citations therein. 
 

3.2 Background	Material:	Trends	in	Surface	Temperature	and	Freezing	Level	in	the	
Study	Areas	

 
Temperature strongly influences hydrologic processes such as snowpack accumulation, and 
timing of snowmelt. Here we present some background material on observed trends in surface air 
temperature and on the freezing level in the atmosphere, and how these two quantities are 
related.    
 
Both the Glacier and Rocky Mountain areas show a trend of increasing surface air temperature in 
the winter season (October-May, Figure 3-1), consistent with trends that have been observed 
west-wide (Garfin et al 2014; Lukas et al 2014; Shafer et al 2014). While winter season 
temperatures vary inter-annually, linear regression of these data (not shown) indicates about a 
1.4 oC increase in temperature from 1948-2015 for an area around Glacier, and about a 1.2 oC 
increase around Rocky Mountain National Park.  
 
Atmospheric freezing level height (FLH) represents the altitude in the free atmosphere (that is, 
away from the surface and its immediate influence) where the temperature is 0 °C. Above this 
level, the temperature of the air is typically below freezing. Freezing in the free atmosphere is 
indicative of the level above which precipitation falls as snow rather than rain. Freezing level 
height can have a strong influence on freeze-thaw processes in high-elevation regions (Bradley et 
al 2009). As with winter season temperatures, freezing level varies over time (Figures 3-2, 3-3), 

Comment [GJM1]: In general, we think section 3 should 
be shortened if possible. 
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material” as such.   
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but linear regression (not shown) indicates about a 160m increase in the freezing level for 
Glacier (Fig 3-2), and about a 170 m increase in the freezing level for Rocky Mountain (Fig 3-3). 
 
Figure 3-4 illustrates a strong relationship between freezing levels and surface air temperature 
change for both regions in October-May with explained variance (R2) close to 0.8. For GLAC (3-
1, left), a 1oC anomaly in temperature equates to about a 115 m increase in the freezing level, 
over the period. For ROMO, for 1oC increase in temperature there has been about a 180 m 
increase in the freezing level (3-1, right).  If these historical relationships hold in the future, the 
larger change in freezing level for the ROMO study area could indicate a greater sensitivity of 
snow covered area to rising temperatures.   
 

3.3 Exploring	Weather	Variability	through	the	Choice	of	Representative	Years	for	
Detailed	Analysis		

 
One of the primary study goals is to extend the analysis to include the effects of climate change 
on extreme years – both for years with high- and low- spring snowpack. This is in contrast to 
McKelvey et al (2011) who studied only the effect of climate change on the long-term average 
snowpack.  Our historical snowpack analysis (Section 4) was performed for the entire period 
2000-2013 and the hydrologic modeling (Section 5) for 1998-2013, and for the counterparts for 
these years under various climate change scenarios.   To capture the weather variability within 
these periods we focus some of our analysis in Sections 4 and 5 on a representative wet, dry, and 
near normal year for each study area.   Nonetheless, results from all years were computed.  
 
Table	3-1:	Historical	Percentiles	of	precipitation	and	temperature	for	the	representative	dry,	
near	normal,	and	wet	years	for	GLAC	and	ROMO	study	areas.		

	
 
 
To drive our choice of representative years, we investigated historical cold-season (October-
May) temperature and precipitation anomalies and MODIS-based snow covered area for 2000-
2013.   Years were chosen within that range to represent a cool/wet year with high spring 
snowpack, a “near normal” year, and a “dry” year with low snowpack.  Figure 3-5 shows 
scatterplots of the anomalous precipitation (as % of average) and temperature (degrees Celsius) 
for each year of the primary study period (2000-2013) for the two study areas.  For both study 
areas, the 2011 winter stands out as a particularly large (cool/wet) anomaly.    
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The choice a dry year for GLAC points to 2005. Examination of the time series of Snow Covered 
Area (SCA) derived from the MODIS satellite product (Figure 3-6) corroborates this choice.  For 
ROMO the hot/dry year 2012 with exceptionally low snow cover was first chosen.  However 
modeling difficulties encountered in the model validation procedure described in section 5.4.2 
led to the need to find an alternative “dry” year for ROMO.   The scatter plot in Figure 3-5 
indicates that 2004 or 2002 might both be good alternatives, and both of these years had 
adequate modeling success.   Because 2002 had lower Spring snow cover (figure 3-6), and 
because it was a widely agreed upon drought year in Colorado, we chose to use 2002 as the 
representative “dry” year for ROMO.    
 
For the choice of near-normal year, 2007 is indicated for ROMO, as that is closest to the center 
of the scatterplot in Figure 3-5.  A number of choices would seem plausible for GLAC, however 
as no one year stands out as “most normal.”  To further guide our choices of representative years, 
we looked at the elevation profiles of SCA for the various years, and 2009 was chosen. We show 
the SCA as a function of elevation within the study areas (Figure 3-6cd) for the representative 
years. These plots indicate that the elevation profile of observed snow cover in our chosen near-
normal years closely follow the median profile for 2000-2013.  
 

3.4 The	Study	Period	in	the	Longer	Climate	Record	
 
Because the study period is 14 years long, the question arises as to how “extreme” the wet and 
dry years are in the longer climatological record.  To address this we analyze how often the 
temperature and precipitation anomalies for the study years are likely to occur in the longer 
(1950-2013) climatological record by computing their percentiles.  Percentiles were calculated 
by ranking the data and using the following formula: percentile = (rank – 0.5)/(total number of 
years). Note that the exact rankings and percentiles may differ based on the underlying dataset 
and interpolation methods used, as the study areas have relatively few observing stations. 
However, percentiles calculated from the PRISM dataset (not shown) yield qualitatively similar 
results to those found below. 
 
The percentiles of October – May precipitation and temperature averaged over the study areas 
are shown for the representative wet, near normal and dry in Table 3-1 for both study areas. The 
percentiles are calculated based on the 63 total years in the 1951-2013 period of the Livneh 
(2014) dataset. For GLAC, October – May 2011 was at the 98th percentile of precipitation and 
the 6th percentile of temperature, while 2005 was at the 6th percentile of precipitation and 83rd 
percentile of temperature. For ROMO, 2011 was in the 96th percentile of October – May 
precipitation, but only the 36th percentile of temperature, and while anomalously cold was not 
extreme in temperature. 2002 was in the 4th percentile of precipitation, but only near the median 
in temperature.  
 
For further reference, Tables 3-2 (GLAC) and 3-3 (ROMO) show the percentiles of precipitation 
and temperature for the entire study period, 2000-2013, as well as the percentiles for the April – 
June melt season. Even though the low precipitation was more extreme in 2002 than in 2012, the 
temperature was not. This is reflected in the MODIS spring snowcover (Figure 3-6), where 2002 
was low, but not as nearly extreme as in 2012.  
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Table	3-2:	Percentile	of	temperature	and	precipitation	anomalies	for	GLAC	study	area	based	
on	the	1951-2013	period.	Percentiles	are	shown	for	both	the	October	–	May	cold	season	and	
for	the	April	–	June	melt	season.		
  

 
 
Table	3-3:	Percentile	of	temperature	and	precipitation	anomalies	for	ROMO	study	area	based	
on	the	1951-2013	period.	Percentiles	are	shown	for	both	the	October	–	May	cold	season	and	
for	the	April	–	June	melt	season.		
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4 MODIS	Observed	Historic	Snowpack	Variability	Analysis	
 
Key points  
 

• In GLAC, even in dry years, NE-facing slopes tend to hold more snow and melt later in 
the season. There is > 80% snow cover above ~2000 m elevation on May 1 during dry 
years, and > 95% snow cover above ~1200 m during wet years. Snow conditions on June 
1 during wet years resemble those for May 1 during near-normal years. 

• In ROMO, NW-facing slopes tend to hold more snow even during dry years. In very dry 
years, snow cover peaks at intermediate elevations, suggesting that the high-altitude 
snowpack may be particularly vulnerable in this region under warm/dry conditions. 

4.1 Introduction	
 
In this section we perform an analysis of the variability of snow cover in the historical period 
2000-2016 using gridded snow cover data acquired by the Moderate Resolution Imaging 
Spectroradiometer (MODIS) on board the Terra satellite.  The dataset and methodology of 
analysis is first described.  The analysis for the GLAC and ROMO study areas are then presented 
in separate sections, repeating descriptions to make the material self-contained for the reader 
who may read about only one area. Each section consists of analysis of the following: a) total 
snow covered area (SCA), b) SCA fractional area as a function of eight compass directions of 
slope aspect (octants), and c) elevation dependence. 
 

4.2 Dataset	and	Methods	

4.2.1 Data	sub-setting	and	re-projection	
 
We downloaded selected MODIS/Terra daily snow cover data on a 500m grid from the recently 
released version 6 (MOD10A1.006) (Hall and Riggs, 2016). All data from geographic tiles 
h09v04 (ROMO) and h10v04 (GLAC) were downloaded for days between March 1 and July 1 
for all years from 2000 to 2016.  
 
The data are available in daily files, one for each tile, and georeferenced to an equal-area 
sinusoidal projection. Each tile covers 10° x 10° at the equator or approximately 1200 km by 
1200 km, with a nominal pixel resolution of 500 m (actual resolution 463.313 m). To bring the 
data to the same grid as used in the hydrologic modeling necessitated re-projection of the data 
onto a Universal Transverse Mercator Grid. We used the MODIS Reprojection Tool 
(https://lpdaac.usgs.gov/tools/modis_reprojection_tool) to subset the daily tiles to the areas of 
interest and re-project the subsetted areas to UTM grids with a pixel resolution of 250 m using 
nearest-neighbor resampling. The ROMO study area perimeter falls at the corner of tile h09v04, 
and extends slightly beyond the tile boundaries at its southern tip. We excluded this extension of 
the study from our analysis. Parameters for the MODIS data reprojection are provided in Table 
S4-1.  
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4.2.2 Converting	Normalized	Difference	Snow	Index	to	Binary	(yes/no)	Snow	Cover	
 
To better align our analysis with that in Copeland and McKelvey’s work we wanted to use a 
daily binary (yes/no) snow cover value.  However, one main obstacle had to be overcome -- 
snow cover was characterized differently in the versions of the MODIS data that Copeland used 
and in the current version.   The prior work by McKelvey and Copeland both used Collection 4 
of the MODIS data which provided them with a binary snow cover classification for each pixel 
on each day (clouds permitting). Collection 4 data are only available for the years 2000-2007, 
necessitating the use of the more recent MODIS Collection 6 products for the present study.  
However, Collection 6 does not include a binary daily snow cover product. Instead, snow cover 
is identified using the Normalized Difference Snow Index (NDSI).  
 
NDSI is reported as a ratio, with values ranging from 0.00 to 1.00 (scaled and reported as 0 to 
100 in the data files). The NASA guidance on conversion was not definitive: “If a user wants to 
make a binary SCA [Snow Covered Area]  from the C6 [Collection 6] product they can set their 
own NDSI threshold for snow using the NDSI_Snow_Cover or the NDSI data or a combination 
of those data.”  (NASA, 2016).  In lieu of  a prescription, we chose to follow the procedure used 
by NASA to produce the 8-day composite snowcover product; we applied a threshold of NDSI > 
0.1 to the daily MODIS NDSI values to indicate the presence of snow in a pixel on a given day.  

4.2.3 Snow	disappearance	date	and	snow	cover	on	a	given	date	
 
As in Copeland et al (2010), we calculate a snow disappearance date for each year at each pixel. 
We define the Snow Disappearance Date (SDD) as the first day after March 1 in which 
NDSI/100 was less or equal to 0.1 (Cite NASA). The SDD is denoted by the Day of Year value, 
in which January 1 is 1, February 1 is 32, March 1 is 60 (or 61 in leap years), etc. Once SDD was 
defined at each grid point for each year (resulting in 17 annual maps of SDD for the period of 
record), we were able to derive snow cover maps for any given date. For example, snow cover on 
May 1 was inferred by marking grid points as “snow-covered” if their SDD was equal or greater 
than 121 (or 122 for leap years). We repeated the process to infer snow cover maps for May 15 
and June 1. This indirect method to infer snow cover allowed us to circumvent the reality of 
several missing data points due to cloud cover, and offered a conservative estimate of snow 
disappearance.  

4.2.4 Snow	cover	by	elevation	and	aspect		
A 250-m digital elevation model (DEM) was created using bilinear interpolation from the 
National Elevation Dataset (NED)10-m DEM products (USGS, 2009). Using this we obtained 
grids for elevation and aspect octants in both study regions. We reclassified the elevation values 
into 200 m bins. The elevation bins range from 1000 to 3000 m in GLAC and 2600 to 4200 m in 
ROMO. Both the slope magnitude and the aspect of the slope (that is the compass direction that 
the slope faces) were analyzed using functionality in the open source Quantum GIS software. We 
reclassified the aspect grids into eight 45°-wide directional bins (hereafter, octants) centered on 
the points of the compass. In both types of analyses (elevation and aspect), we computed snow 
covered area (SCA) on May1, May15, and June1, in terms of the total area in square kilometers 
and also in terms of the percentage of snow covered area in several elevation bands and aspect 
octants.  
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4.3 MODIS	analysis	for	GLAC	
This section presents some summary statistics of snow cover, including total snow covered area, 
and number of years during the period of study with snow cover on a given date. MODIS snow 
cover data was analyzed for March1 – July1 for all years 2000-2016.  For more in depth analysis 
including aspect and elevation-based analyses the report focuses on the representative years 
defined in Section 3: 2011 (“wet”), 2009 (“near normal”), and 2005 (“dry”).  
 
 

4.3.1 Total	Snow	Covered	Area	
Total snow covered area was the primary metric that was analyzed in McKelvey et al (2011) and 
provides an overall summary of availability of snow. Figure 4-1 presents maps of May 15 snow 
cover for the GLAC study area and vicinity from MODIS. These maps clearly depict the regional 
character of the year-to-year variations in snowcover. Figure 4-2 shows the total snow covered 
area within the study area polygon, which is depicted in red on the previous figure. The year-to-
year variations are shown for snowcover on three different dates during the melt season. The 
behavior in individual year varies considerably, including “wet” years such as 2011 with very 
persistent snow, years with strong melt in early May, such as 2012, or in late May (2009, 2001), 
and “dry” years (2004, 2005). The period of the modeling study in Section 5 ends in 2013 due to 
dataset limitations, but it is worth noting that the last two years of the MODIS record, 2015 and 
2016 show low snowcover. Both these years had near-normal precipitation, but had anomalously 
warm temperatures. These years would be good candidates for future analysis.   
 
To summarize all 17 years of the record, Figure 4-3 presents maps of the number of years with 
snow cover on May 1, May 15, and June 1. These are similar to the analysis done by the 
Copeland and McKelvey studies. The primary difference is in the use of the newer MODIS 
products and the extension of the analysis from seven to seventeen years.  
 
Figure 4-4 quantifies the maps in Figure 4-3, showing the area within the GLAC study area 
polygon with different numbers of years of snow cover. The three colored bars designate 
different days of the year. Because the study areas were chosen to be in the vicinity of tree line, it 
is no surprise that in the present climate there are large areas that see snow every year on May 
1st.  

4.3.2 Aspect	Dependence	of	Snowpack:	Total	Area	
One of the primary goals of this study is to investigate topographic factors that influence the 
persistence of snow during the melt season. One such factor is the “slope aspect” or simply 
“aspect” – the compass direction that the slope faces. Figure 4-5 presents the dependence of total 
snow covered area (km2) on aspect for each of the 17 years in the MODIS dataset, for May 1, 
May 15, and June 1. The shape of the curves for individual years is strongly determined by the 
topography of the region, with more land area located in the northwest and southeast octants. 
Upon closer inspection, other features become apparent. Comparing the SW and NE octants we 
see that there is greater year-to-year variability in the SW, indicating a greater sensitivity of SW-
facing slopes to variations in the historical climate. Two representative years, 2011 and 2005, 
illustrate the progression of total snow covered area from May 1 to June 1 (Figure 4-6). In the 
dry year, 2005, snow cover declines faster on S, SW, and W slopes, as one would expect; this 
analysis quantifies the magnitude of this effect.  
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4.3.3 Aspect	Dependence	of	Snowpack:	Fractional	area	
The total land area within each aspect octant varies due to the orientation of ridges and valleys in 
the study area. As a result, the analysis of total snow covered area is dominated by the 
topography itself. To focus on the relative importance of the snow processes related to aspect, 
we calculated the fraction of the total land area within each octant that is snow covered for each 
of the 17 years in the historical record, while in Figure 4-8 we focus on the representative wet 
and dry years. For example, in Figure 4-7, the asymmetric shape clearly shows that in GLAC, the 
NE directions ranging from E to N have much larger fractional area covered by snow. Even in 
dry years, over 60 % of the NE facing slopes are snow-covered on May 15th.  

4.3.4 Elevation	Dependence	
Figure 4-9 shows the elevation dependence of MODIS snow cover for the wet, near-normal and 
dry years, with the median of all years as reference. The results are shown as a percentage of the 
total area within each 200-meter elevation band within the study area boundaries.  

4.4 MODIS	analysis	for	ROMO	
MODIS snow cover data was analyzed for March1 – July 1 for the years 2000-2016. Data for all 
years was analyzed. We present here some summary statistics of snow cover, including total 
snow covered area, and number of years during the period of study with snow cover on a given 
date. For more in depth analysis including aspect and elevation-based analyses the report focuses 
on the representative years defined in Section 3: 2011 (“wet”), 2007 (“near normal”), and 2012 
(“dry”).  
 

4.4.1 Total	Snow	Covered	Area	
Total snow covered area was the primary metric that was analyzed in McKelvey et al (2011) and 
provides an overall summary of availability of snow. Figure 4-10 presents maps of May 15 snow 
cover for the ROMO study area and vicinity from MODIS. These maps clearly depict the 
regional character of the year-to-year variations in snowcover. Figure 4-11 shows the total snow 
covered area within the study area polygon, which is depicted in red on the previous figure. The 
year-to-year variations are shown for snowcover on three different dates during the melt season. 
The behavior in individual year varies considerably, including “wet” years such as 2011 with 
very persistent snow, years with strong melt in early May, such as 2004, or in late May (2001, 
2013), and “dry” years (2002, 2012).  
 
To summarize all 17 years of the record, Figure 4-12 presents maps of the number of years with 
snow cover on May 1, May 15, and June 1. These are similar to the analysis done by Copeland 
and McKelvey studies. The primary difference is in the use of the newer MODIS products and 
the extension of the analysis from seven to seventeen years.  
 
Figure 4-13 quantifies the maps shown in Figure 4-12, showing the area within the GLAC study 
area polygon with different numbers of years of snow cover. The three colored bars designate 
different days of the year. Because the study areas were chosen to be in the vicinity of tree line, it 
is no surprise that in the present climate there are large areas that see snow every year on May 1.  
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4.4.2 Slope	Aspect	Dependence	of	Snowpack:	Total	Area	
One of the primary goals of this study is to investigate topographic factors the influence the 
persistence of snow during the melt season. One such factor is the “slope aspect” or simply 
“aspect” – the compass direction that the slope faces. Figure 4-14 presents the dependence of 
total snow covered area (km2) on aspect for each of the 17 years in the MODIS dataset for May 
1, May 15, and June 1. The shape of the curves for individual years is strongly determined by the 
topography of the region, with less land area available in the NW octant, and more in the NE. 
Compared to GLAC, the ROMO study area shows more year-to-year variation in the shape of 
the curves, likely indicating stronger meteorological controls on the directionality of the 
snowpack compared to the topographic control seen in GLAC. Comparing the SW and NE 
octants we see that there is greater year-to-year variability in the SW, indicating a greater 
sensitivity of SW-facing slopes to variations in the historical climate. Two representative years, 
2002 and 2011, illustrate the progression of total snow covered area from May 1 to June 1 
(Figure 4-15).The dry year, 2002, shows that snow cover starts out lower on May1 and declines 
faster on SE, S and SW slopes.  The year 2012 is also shown and exhibits similar behavior to 
2002 but with less overall magnitude.   

4.4.3 Slope	Aspect	Dependence	of	Snowpack:	Fractional	Area	
The total land area within each aspect octant varies due to the orientation of ridges and valleys in 
the study area. As a result, the analysis of total snow covered area is dominated by the 
topography itself. To focus on the relative importance of the snow processes related to aspect, 
Figure 4-16 presents an analysis of the fraction of the total land area within each directional 
“bin” that is snow covered. The asymmetric shape shows that the NW-facing slopes have larger 
fractional area covered by snow. With the exception of 2012, even in dry years over 60 % of the 
NW facing slopes are snow-covered on May 15th. Figure 4-17 indicates that for the dry year 
2012, snow cover was retained preferentially on NW-facing slopes.  

4.4.4 Elevation	Dependence	
Figure 4-18 shows the elevation dependence of MODIS snow cover for the wet, near-normal and 
dry years, with the median of all years as reference. The results are shown as a percentage of the 
total elevation within each 200-meter elevation band within the study area boundaries. The 
ROMO area shows that the dry year, 2002 (as well as the other very dry year during the period, 
2012), was significantly different from the other two, with a fractional area declining with 
altitude above 3400m. This may indicate that the meteorology in this region interacts differently 
with the topography in extremely dry years than in wetter years. The high-altitude snowpack 
may be particularly vulnerable in this region if conditions like those in 2002 recur.  
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5 Future	Snowpack	Projections:	DHSVM	Modeling	
 
Key Points - Methods 

• We conducted this analyses to…………. 
• The Distributed Hydrology Soil Vegetation (DHSVM) model was run for the historic 

period 1998-2013  and validated against available SNOTEL observing stations. The 
spatial patterns of snow were validated against MODIS satellite remotely sensed snow 
cover.  

• Five scenarios of the future – a thirty year period centered on 2055 -- were selected from 
CMIP5 global climate model (GCM) projections based on a moderate (RCP 4.5) and high 
(RCP 8.5) emissions scenarios. These were chosen to represent a large fraction of the 
range of the CMIP5 ensemble projections in each study area in terms of precipitation and 
temperature changes. The scenarios differ somewhat between the two study areas to 
better represent the range of climate projections in each area.  

• The selected GCM projections were downscaled using the “delta method” which applies 
change factors from the climate models to the historic temperature and precipitation that 
are used as inputs to the DHSVM model.  

• Analysis is presented for light snow cover (Snow Water Equivalent > 13mm) for 
comparison with MODIS and McKelvey, and for 0.5 m of snow depth.  

• To capture climate variability, Wet, Near Normal, and Dry representative case study 
years are shown for the historical simulations and how each of these years plays out 
under these five future scenarios. 

 
Key Points – GLAC study area. 
 

• Snow Covered Area in GLAC and area with snow depth greater than 0.5 meters on May 
15 declines on average in all scenarios on average and for almost all years. 

• On average, projections for the May 15 snowpack in the GLAC study area show a 12-42 
percent decline in snow covered area, and a 15-68 percent decline in area with snow 
depth > 0.5 meters for the scenarios considered.  

o This resulted in X to X km2 in snow covered areas with > 0.5 meter snow cover  
• All projections show declines in the number of years with significant snow. The areas 

with frequent (14-16 years) availability of significant snow become concentrated in 
smaller high elevation areas.  

• For wet years, the high elevations of the study areas result in little loss of snowpack 
under most scenarios of change. 

• For GLAC the Warm/Wet scenario shows the least change compared to the historic snow 
cover in terms of the area of significant (0.5 meter) snowpack.  Under the Hot/Wet 
scenario, the May 1st significant snowpack diminishes to below the level of the historic 
June 1 snowpack. 

Key Points – ROMO study area. 
 

• Snow Covered Area in ROMO (13mm threshold on May 15) declines on average in all 
scenarios on average and for almost all years. 
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• On average, projections for the May 15 snowpack in the ROMO study area show a 12-52 
percent decline in snow covered area, and a 7-64 percent decline in area with snow depth 
> 0.5 meters for the scenarios considered.  

o  This resulted in X to X km2 in snow covered areas with > 0.5 meter snow cover  
• Snow Covered Area in ROMO (0.5 m threshold on May 15) generally declines in wet 

years, but may increase in dry years in those scenarios with increased precipitation.  
• Scenarios with increased precipitation may show increases in May 15 snowpack at the 

higher elevations in both study areas, but decreases in snowpack at lower elevations. This 
can lead to an increase in the area of > 0.5 meters of snow for dry years. 

• ROMO exhibited more uncertainty in projections than GLAC 
o The beneficial effect of increased precipitation on snowpack is more prominent 

earlier in the Spring. In the Warm/Wet scenario, the area of significant snow on 
May1 increases on average, though it decreases on May 15.  

o For wet years, the high elevations of the study areas result in only modest loss of 
snow cover in the under all scenarios of change. However even in wet years, the 
area of significant snowpack can decline by almost 50% for the Hot/Dry climate 
change scenario. 

 

5.1 Introduction	
 
In this section we describe the hydrologic model along with various modeling assumptions, 
validation of the model, the choice of risk-spanning future climate scenarios, and present results 
of historical and projected snowpack for the two study areas.  
 
To determine the projected effects of a changing climate on snowpack we ran a physically-based 
hydrology model. The physical basis of the model – using a full energy and water balance of the 
snowpack rather than a simple temperature-index model -- is critical to evaluate change in a non-
stationary climate. While ambient temperature is a critical factor in whether precipitation falls as 
rain or snow, the subsequent evolution of the snowpack, and in particular the melt season, is 
driven primarily by the energy balance at the surface. The energy balance is the result of several 
processes, including solar and longwave radiation, sensible and latent heat fluxes, and heat flux 
into the ground, as well as storage of heat in the snowpack. Therefore, including a realistic 
energy balance helps to understand how the perturbations to climate will affect the snowpack.  
 

5.2 	Model	Description	
 
The Distributed Hydrology Soil Vegetation Model (DHSVM) provides a physically-based 
simulation of land surface hydrology, including snowpack. The physical processes include a full 
surface water and energy balance model, a 2-layer canopy model, a multi-layer soil model, a 2-
layer snowpack model (Wigmosta et al. 1994). It has been used in many studies that have 
provided realistic hydrologic simulations in topographically complex areas (e.g. Livneh et al. 
2015). The model has explicit treatment of topographic slope, and aspect (the compass direction 
that the slope faces).  
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The model was selected for developing snowpack projections because it can be run at a fine 
spatial scale (250 m x 250m pixels) yet is able to be run over extensive domains. There are both 
finer-scale snow models, for which it would have been impractical to simulate such a large 
domain, and coarser-scale models, such as the 1/16 degree grid of the VIC model that the 
McKelvey study used (see section 2.3). Coarser-scale models do not explicitly model the effects 
of slope and aspect, which is one of the primary goals of this study. Both DHSVM and VIC were 
primarily developed at the University of Washington, and are available as open-source 
community models. The two models share many components in common, including similar snow 
and canopy models. As such it supports the project goal of building on McKelvey study by 
modelling at a finer scale and treating slope and aspect explicitly.  
 
The model was set up for both study domains on a 250m grid in Universal Transverse Mercator 
(UTM) coordinates within the modeling domain defined within the polygons shown in Section 2. 
Soil properties and vegetation type as well as a digital elevation model (DEM) were adapted to 
the model grid. A soil hydraulic routing network was also determined from the DEM, though in 
this project we do not investigate the runoff. The effect of slope and aspect on incoming solar 
radiation is implemented through a computation of the degree of shading for each 250-m pixel 
that was variable throughout the day and differed from month to month based on the solar angle 
in the sky and from the DEM. The model requires inputs of time-varying meteorological fields 
on sub-daily time scales. Snow water equivalent was output on May 1, May 15, and June 1 for 
every year of the simulation. As noted below, snow depth was estimated using a typical 
snowpack density for late Spring. 
 
More details of the model will be included in the Section 5 Supplementary Material.  
 
 

5.3 Meteorological	Inputs	
 

The DHSVM model inputs were derived in a multi-step process. First, values of daily minimum 
temperature, daily maximum temperature, and precipitation were extracted from the Livneh 
(2015) dataset, which has a grid resolution of 1/16th degree in latitude and longitude. These daily 
values were disaggregated in time. Other forcing variables needed by the model, solar radiation, 
downwelling longwave radiation, specific humidity were derived from empirical relationships 
using the MTCLIM algorithms which were evaluated by Livneh et al. (2014) finding small 
overall biases. The Livneh et al (2015) data was then interpolated to the 250m DHSVM grid 
using an inverse-distance weighting algorithm along with assumed lapse rates (elevation 
dependence) in temperature and in precipitation. More details of the Livneh 2015 dataset will be 
included in the Section 5 Supplementary Material.  
 

5.4 DHSVM	Historical	Validation	
 
The goal of the model validation is to assess the overall magnitude, temporal, and spatial aspects 
of the modeled snowpack in the Spring and how these differ from observational estimates.  
Observational estimate of snow depth or snow water equivalent at the scales that we simulated 
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are not available, leading to uncertainty about the “true” snowpack.   For the overall magnitude 
and temporal aspects of the snow simulation, we compared the historical model simulation to 
point observations at the few available SNOTEL sites, focusing on the duration and melt-out 
date of the snowpack.  The spatial aspect of bias was evaluated by comparing the model output 
to the observed spatial patterns of snow cover obtained from the MODIS analysis (see Section 
4), qualitatively for GLAC and quantitatively for ROMO.  When interpreting the projections, 
future model biases are typically assumed to be similar to historical biases.  With this 
assumption, the calculation of, for example, percentage change is less sensitive to biases and 
uncertainties in the historical simulation.   

5.4.1 Comparison	to	SNOTEL	
 
The DHSVM historical simulation was compared against the snow data from nine SNOTEL sites 
in the ROMO study area that were in operation during the full time-period of interest, and the 3 
SNOTEL sites in and adjacent to the GLAC study area (Table 5-1). Validation against SNOTEL 
snow data was performed by running the DHSVM model in “point” mode so that it simulated the 
conditions at the SNOTEL locations only. Because the SNOTEL stations are deliberately sited in 
clearings, the canopy was assumed to be open for the validation runs, while the actual 250m grid 
canopy values were used for the production runs. Two metrics were chosen: the meltout day of 
year (defined as the date when SWE fell to less than 1mm), and the duration of snow cover (total 
number of days during the water year (October-September) when SWE > 10cm). Figure 5-1a 
shows the modeled and observed meltout dates for the GLAC and ROMO SNOTEL sites, and 
Figure 5-1b shows the duration of snowpack. One does not expect exact reproduction of the 
snowpack at the SNOTEL sites, but rather a scatter about the 1-to-1 line, which is seen. The 
Copeland Lake, and to some extent the Many Glacier SNOTEL sites are outliers, with the model 
retaining snowpack significantly longer than in observations. Both these sites are at relatively 
low elevations, and are quite sensitive to potential temperature biases in the input data. The 
Livneh (2015) dataset is known to have a cool bias relative to other datasets, which may 
influence these sites disproportionately.  
 
Table	5-1	SNOTEL	Sites	at	Study	Areas.	Maps	with	SNOTEL	sites	are	shown	in	Figs	2-1	and	2-2.	
	

 SNOTEL	SITE	NAME	(Site	Number,	Abbreviation)		
Glacier	Study	Area	 Flattop	Mountain	(482,	flat),	Many	Glacier	(613,	many),	Pike	

Creek	(693,	pike)	
Rocky	Mountain	
Study	Area	(used	
for	Validation)	

Bear	Lake	(322,	bear),	Copeland	Lake	(412,	cope),	Joe	Wright	
(551,	joew),	Lake	Eldora	(564,	eldo),	Lake	Irene	(565,	iren),	
Niwot	(663,	niwo),	Phantom	Valley	(688,	phan),	University	
Camp	(838,	univ),	Willow	Park	(870,	will)	

Rocky	Mountain	
Study	Area	
(installed	after	
1997,	not	used)	

Never	Summer	(1031),	Wild	Basin	(1042),	Hourglass	Lake	
(1122),	Long	Draw	Reservoir	(1123),	High	Lonesome	(1187),	
Sawtooth	(1251)	

  
 
The year-to-year variations of peak snowpack at the GLAC SNOTEL sites are well captured, as 
illustrated in Figure 5-2 that shows simulated and observed time series of SWE at these stations. 
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Figure 5-3 shows selected SNOTEL sites in the ROMO area. As can be seen in Figure 5-2, the 
Copeland Lake site is less well simulated than other sites. We attribute this to being located at a 
lower elevation than other sites, and hence susceptible to small biases in temperature in the 
meteorological inputs. Other sites in ROMO are well simulated.  
 
Based on this evaluation of DHSVM performance, the standard set of model parameters was 
adopted for the GLAC domain without modification.  
 
The question arises of the independence of the SNOTEL data from the Livneh (2015) forcing 
data. The primary observing station data that were used for interpolation by Livneh (2015) did 
not include SNOTEL. However, a monthly adjustment factor was applied to the interpolated 
precipitation to reproduce the 1981-2000 climatology of PRISM. The temperature data in Livneh 
et al (2015) were entirely independent of SNOTEL data. Therefore, we expect that the errors 
revealed at the SNOTEL sites should be representative of errors at other, unobserved sites in the 
domain.  
 

5.4.2 Comparison	to	MODIS	Snow	Cover	
The spatial distribution of snow cover was assessed by comparison with MODIS data. Some care 
must be taken to compare observed NDSI, which indicated fractional snow cover, with modeled 
SWE, which does not account for fractional snow cover within a pixel. For this evaluation, a 
threshold to determine “snow covered ground” was chosen for both the MODIS NDSI (0.1) and 
for the DHSVM SWE. Figures 5-4 and 5-5 snow spatial overlays of the DHSVM simulated snow 
cover and the MODIS observed snow cover for the representative “dry” years in ROMO and 
GLAC. In terms of snow cover, dry years were more difficult to simulate than wet years, and the 
spatial agreement is good for these two examples.  
 
However, initial attempts to model ROMO indicated biases in the spatial patterns of snow cover 
compared to MODIS. To overcome model errors at ROMO, an adjustment of two DHSVM snow 
parameters was conducted. The representative values of the physical quantities of these 
parameters can span a fairly large range, and hence an experiment was conducted to evaluate the 
appropriate settings of the model for ROMO based on minimizing differences between simulated 
and MODIS SCA for the historical period, as well as reducing biases with SNOTEL SWE.  
 
The first parameter modified was the snow-surface roughness (SR), which affects the amount of 
turbulent heat fluxes that occur between the snow and the atmosphere, whereby a small number 
corresponds to a smoother snowpack that has less heat exchange with the overlying air, while the 
opposite is true for a large value. The second parameter was the liquid water capacity (LWC) 
that describes the volume of water that the snowpack can hold before water will leach out of the 
snowpack. This parameter is important, since it is common for snow to melt during the day and 
then for liquid water to refreeze at night.  
 
Adjustments were made to SR and LWC within reasonable physical ranges and the DHSVM 
simulated SCA was compared with MODIS via a threat score. The threat score used, referred to 
as the Critical Success Index (CSI) by Zappa (2010), is defined as: 
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𝐶𝑆𝐼 = 	
𝑎

𝑎 + 𝑏 + 𝑐 
 
Where 𝑎 indicates a snow-covered pixel in both the simulation and observed data, 𝑏 indicates a 
snow-covered pixel in the simulation but a bare pixel in the observed (“false positive”), and 𝑐 is 
a bare pixel for the simulation and a snow-covered pixel shown by the observed data (“false 
negative”). The objective was to maximize the threat score. Approximately ten unique parameter 
settings were tested. Additionally, for each parameter setting the mean bias in meltout day and 
duration of snow cover between DHSVM simulated and SNOTEL SWE was calculated with the 
objective being a minimization of the bias between the two (bias = simulated – observed). The 
final DHSVM settings for ROMO were identified by the parameter values that corresponded 
with a combination of a high threat score and a low bias. The table and figure showing the 
parameter settings and ensuing objective values are included in the supplementary material 
(Figure S5.X). 

 
 

5.5 Determination	of	Snow	Depth	from	DHSVM	model	output	
 
DHSVM does not compute snow depth as a separate quantity, but instead returns snow water 
equivalent (SWE). To estimate the snow depth from SWE, a bulk density of the snowpack must 
be assumed. We adopt a density of 0.4 (or equivalently, at 2.5-to-1 ratio of snow depth to SWE, 
further discussion can be found in the Section 5 Supplementary Material) appropriate for the 
May snowpack in the study areas. Several lines of evidence point to the reasonableness of this 
assumption. First, SNOTEL stations where both depth and SWE are measured show similar 
ratios for the two study areas. Second, we investigated the ratio of density from the SNODAS 
(Snow Data Assimilation System) product from the NOAA National Operational Hydrologic 
Remote Sensing Center, which points to a very narrow range around 2.6-2.7 for the ratio. 
Finally, for comparison with the McKelvey et al (2011) work we compared the May 1 Snow 
Depth and SWE products from the Littell et al (2011) hydrologic model runs (obtained 
separately from https://cig.uw.edu/datasets/wus/). These all point to an approximate value 
consistent with a density between 0.35 and 0.4. The results of this study do not depend on a 
precise value for snow density.  

5.6 Choice	of	thresholds	for	analysis	
 
While the the McKelvey study analysis was for the presence or absence of snowcover, this 
modeling effort produces results in terms of SWE. This allows greater flexibility in evaluation of 
the depth of the snowpack, but presents a problem in comparison. To compare the model-
generated SWE with both the McKelvey study results and our own MODIS historical snow 
cover analysis we investigated several threshold values of SWE: 1mm, 5mm, 13mm. For the 
purposes of this section we use the 13mm SWE threshold. We also were concerned with 
analyzing the presence of “significant snow” which we defined as 0.5 m of snow depth, or 0.2 m 
of snow water equivalent using our assumed May snow density. The value of 0.5 m was arrived 
at by an analysis of the modeled snow depth at known wolverine denning sites in Glacier 
National Park (Table 5-2). With the exception of one site that had melted out by May 15th, the 
other sites all have snowpack between 0.4 and 1.4 m.  
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Table	5-2:	Modeled	Snow	Depth	on	May	15	at	reported	den	sites	in	the	Glacier	Study	Area	
(source:	John	Guinotte,	FWS)		
Den site Date 

observed 
(month-yr) 

Meltout Date 
(MODIS)  

May 15 snow 
depth dhsvm 
(m) 

Notes 

1 Apr-03 5/25/2003 1.036   
2 May-03 5/25/2003 1.045   
3 Apr-04 6/4/2004 0.407   
4 Apr-04 6/29/2004 0.539   
5 May-04 6/29/2004 0.653   
6 Mar-05 6/11/2005 0.531   
7 Apr-05 6/11/2005 0.531   
8 May-05 6/11/2005 0.468   
9 Mar-06 5/25/2006 1.435   
10 Apr-06 5/14/2006 0 meltout occurred before may 15 
11 Apr-06 6/7/2006 1.233   
12 May-06 5/31/2006 0.611   
13 May-06 5/31/2006 0.611 duplicate 

 
 

5.7 Delta	Method	for	Future	Scenarios	
 
The advantages and disadvantages of the delta method have been discussed extensively in the 
literature (e.g. Sofaer et al, 2016, for a recent review). The primary advantages of this method are 
its long history of use, its simplicity, and its use of the historical observed weather as the 
baseline. The simplicity allowed for the study to be completed in a short time-frame, while still 
reaching our primary objectives of finer spatial scale and a more complete exploration of future 
climate scenarios. The use of the historical baseline allows us to explore how wet, near normal, 
and dry “representative years” would play out under the different climate futures. However, it is 
important to keep in mind that we are “parameterizing the future variability in terms of the 
historical variability.” This treatment of daily variability also leads to the primary disadvantage 
of the delta method: the assumptions that the changes in extremes follow the changes in the 
means, and that the pattern of daily weather is simply shifted without changing the sequences of 
weather. This aspect is less of a concern for this study, as snow accumulation and ablation are 
cumulative processes, so that the daily sequences of storms is less critical to simulate than the 
monthly and seasonal totals. Another assumption of the delta method is that the large-scale 
changes in temperature and precipitation apply uniformly to the study area. Equivalently we 
assume that change factors in ambient (free-air) temperature and precipitation will not depend on 
the small scale spatial detail. Because we explicitly compute the surface energy balance, we are 
able to simulate surface temperature differences that depend on fine-scale terrain, mitigating to 
some extent this limitation of the delta method.  
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Following McKelvey (2011), we use the “delta method” to downscale the climate model data to 
the 250m modeling grid.  
 
The steps in this method are as follows: 

• Start with historical daily meteorological forcings (inputs to the DSHVM model) for the 
historical baseline period (1998-2013) 

• Run DHSVM with the historical forcings to produce the simulated historical snow and 
hydrology.  

• From climate model output, compute the change in 30-year average temperature for each 
calendar month over the time frame of interest. Do the same for the percent change in 
precipitation 

• Apply these change factors to the historical daily meteorological inputs to DHSVM to 
generate future scenarios of meteorological inputs.  

• Run DHSVM with these new inputs to generate the projected snow and hydrology.  
• Compare the projected snow to the historic DHSVM model simulations to infer changes 

in snowpack.  
• Repeat for a set of change factors from different climate models that adequately sample 

the uncertainty in climate projections.  
 
 
The result of the delta method is a continuous-in-time simulation of the historical period 
(1998-2013), and an equal length simulation of how this sequence of years would play out in 
the future under five different scenarios of climate change. Figure 5-6 illustrates typical 
DHSVM model output using the delta method. Figure 5-6a shows a map of May 15, 2011 Snow 
Water Equivalent for the Glacier Study Area from the historical simulation, while Figure 5-6b 
shows a single projected future for what that year’s SWE would look like under a particular 
scenario of climate change. The future scenario represents a year similar to 2011, that is, a 
relatively wet and cool year in the sequence, however the temperature and precipitation have 
been adjusted to be consistent with the 2041-2070 projected climate from the MIROC climate 
model.  
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5.8 GCM	Uncertainty	and	Scenario	Planning	Approach	
 
As noted in Section 2, global climate models (GCMs) are our primary tools to examine the 
nature of climate change during the 21st century. There are currently about 20 modeling centers 
worldwide which provided output from their best model(s) to be considered in the Coupled 
Model Inter-comparison Project Phase-5 (CMIP5, Taylor et al., 2012) which informed the latest 
Intergovernmental Panel on Climate Change (IPCC) report (IPCC AR5). Here we quantify 
changes in temperature and precipitation for the two study areas for the 2014-2070 time frame. 
We find a large spread in the extent of warming and changes in precipitation, including both 
increases and decreases in precipitation, as shown in Figure 5-7. The McKelvey study chose 
GCMs based on the range of temperature change (see Sec 2.2, also shown in Figure 5-7). For 
temperature, much of this spread (or uncertainty) is a result of the difference between GCMs 
(e.g., their climate sensitivities), whereas for precipitation it is both the difference between 
GCMs and internal climate variability. Some difference also comes from the choice of future 
greenhouse gases (GHG) emission scenario. However, these differences among mid-21st century 
climate responses are limited compared to later in the century (see a discussion in Ray et al., 
2010).  
 
For more robust planning and climate adaptation, experts recommend incorporation of these 
uncertainties into the assessment of impacts and developing adaptation strategies. The scenario 
planning approach has been one method that has been recommend and promoted by different 
entities and experts (National Park Service, 2013; Rowland et al., 2014; Maier et al., 2016; 
Murphy et al. 2016; Star et al., 2016, Fisichelli et al, 2016 a,b). Therefore, we adopted a strategy 
of selecting multiple divergent future scenarios challenging to the system of interest, following 
that in Fisichelli et al (2016 a, b). 
 

5.9 Climate	Projections	Evaluation	and	Scenarios	Selection	
 
We compiled output for temperature and precipitation projections for 34 CMIP5 GCMs from the 
Reclamation (2013; http://gdo-dcp.ucllnl.org/) archive of 1-degree Regridded GCM dataset for 
Representative Concentration Pathways (RCP) 4.5 and 8.5, which are respectively the moderate 
and high GHG emissions scenarios --- therefore, a total of 68 GCM projections described in 
Supplementary Material. These data were then analyzed to quantify broad-scale projections for 
the two study regions by 2055 (i.e. a mid-point centered on the 2041-2070 period) – primarily 
changes in the cold season (Oct-May) temperature and precipitation by 2055 relative to the 1986-
2015 period. Figures 5-7 show these changes for Rocky Mountain and Glacier National Parks, 
respectively, which are bounded by rectangular latitude/longitude values. As mentioned earlier, 
we found a large range in temperature increases (1-4 oC) and changes in precipitation (-5% to 
+20%) for these regions by 2055. Table 5-3 shows GCM names, numbers and colors coded in 
later figures, and relative changes in temperature and precipitation. To incorporate the large 
range in climate projections, we worked with the ensemble of 68 CMIP5 temperature & 
precipitation projections, described by the red filled-circles in Figure 5-7, to select five future 
climate scenarios (black circles) that span the different parts of this projection space. Five GCMs 
representing these scenarios were identified for both RMNP and GNP. For each of these GCMs, 
we calculated changes in temperature and precipitation by 2055 for each month of the year, 
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which we call the “monthly delta”. These monthly deltas were used to perturb the hydrological 
models to simulate snow response in RMNP and GNP by 2055.  
 
Table	5-3.	The	six	future	scenarios	used	(five	for	each	area)	with	changes	in	temperature	and	
precipitation	relative	to	other	scenarios	(See	also	Fig	5-7	for	an	alternate	visualization	of	these	
changes),	and	the	GCM	used	as	the	basis	for	the	deltas	for	this	scenario.	More	details	on	the	
GCMs	are	in	the	Glossary. 
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Future	
Scenario	
Name	and	
#		

Scenario	Change	in	GLAC	
relative	to	other	
scenarios	

Scenario	Change	in	ROMO	relative	to	
other	scenarios	

Code	and	
color	for	GCM	
used	for	this	
scenario	

Central	
(#1)	

+~2.2	oC	increase	in	
temperature	(close	to	
the	ensemble	mean)	and	
+~5%	increase	in	
precipitation	

+~2.5	oC	increase	in	temperature	
(close	to	the	ensemble	mean)	and	
+~8%	increase	in	precipitation	
	

cnrm,	red		
	
	

GLAC:	
Hot/	
Very	Wet	
(#2)	

relatively	higher	increase	
in	temperature	(+~3.2	C)	
and	the	highest	increase	
in	precipitation	(+20%)	
for	the	GLAC	scenarios		

N/A	 canesm,	green	
	

ROMO:	
Hot/Dry	
(#2)	

N/A	 relatively	higher	temperature	increase	
(+~	3.5	oC)	and	-~5%	decrease	in	
precipitation.	This	scenario	results	in	
the	greatest	change	(reduction)	in	
snow	pack	and	snowcover.	

hadgem,	
green		

Hot/	
Wet	(#3)	

the	highest	temperature	
increase	of	the	GLAC	
scenarios	(+~4.2	oC)	and	
+~10%	increase	in	
precipitation	

the	highest	temperature	increase	of	
the	ROMO	scenarios	(+~3.7	oC)	and	the	
highest	increase	in	precipitation	
(+~18%).		

miroc,	purple		
	
	

Warm/	
Wet	(#4)	

relatively	lower	
temperature	increase	
(+~1	oC)	and	+~10%	
increase	in	precipitation	

relatively	lower	temperature	increase	
(+~1.3	oC)	and	+~7%	increase	in	
precipitation	that	appears	to	partially	
offset	the	impacts	of	the	temperature	
increase.	This	scenario	results	in	the	
least	change	in	snow	pack	and	
snowcover.	

giss,	aqua	
	

Warm/	
Dry	(#5)	

relatively	lower	
temperature	increase	
(+~1.6	oC)	and	-~5%	
decrease	in	precipitation	

relatively	lower	temperature	increase	
(+~0.8	oC)	and	-~5%	decrease	in	
precipitation	
	

fio,	orange	

5.10 Modeling	Caveats		
 
Some processes which may be of relevance not represented in the model include wind and 
avalanche re-distribution of snowpack. Snow depth is not explicitly modeled, and must be 
inferred (see below). The meteorological forcing does not take into account cold air pooling or 
how this may change in the future.  Cold air pooling – the anomalously cold air that can collect 
in valley bottoms, particularly in Winter, could also act to prolong the duration of snow cover in 
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those locations. While Curtis et al (2014) identify this as a potential process, they do not 
physically model cold air pooling, but merely include it in their present-day climatology as a 
simple “offset” from their unadjusted data. Nonetheless their work provides a complementary 
approach to the identification of potential snow refugia, though more work would need to be 
done to study the geographic and seasonal aspects for the study areas.  

5.11 GLAC	Study	Area	Results	
 

5.11.1 SWE	and	Snow	Covered	Area	for	representative	years	
Figures 5-8 shows DHSVM model simulated snow water equivalent (SWE) on May 15 for the 
wet (2011) representative year. Maps of snow cover derived from SWE by applying a threshold 
of 13 mm are available in the Supplementary material. Results for thresholds of 1 mm and 5 mm 
of SWE were also investigated and show similar patterns. Snow covered area with a “light snow 
cover” threshold was computed primarily for comparison with both the MODIS results from 
Section 4, and with McKelvey. In Figure 5-8, the historical simulation is shown along with three 
of the five future scenarios, chosen to represent the central scenario (cnrm), the greatest change 
in snowpack on average (Hot/Wet (miroc) scenario) and the least change (Warm/Wet (giss) 
scenario). The projected snow maps answer the question “what would the snowpack in a wet 
year like 2011 look like in the 2040’s through 2070’s under these scenarios of climate change.”  
 
Figures 5-9 and 5-10 show SWE for the Near Normal (2009) and Dry (2005) representative 
years. The historical simulation and future scenarios are as in Figure 5-8. Figure 5-11 
summarizes the results for snow covered area in terms of the total snow covered area (km2) 
within the study area polygon. The numerical values of snow covered area for all years in the 
simulation, as well as percent changes for these quantities are shown in Table 5-4. Table 5-4 
indicates that the snowcovered area decreases for all scenarios. On average, the GLAC study 
area exhibits a 12-42 percent decline in snow covered area on May 15 for the scenarios 
considered.  

• Elevation at den graph should be incorporated here instead of an add on section 
later in the report. 

• Comparing the Wet and Dry representative years we see that dry years are more 
vulnerable to climate change in terms of percent loss of snow covered area.  

• For the Wet year, the high elevations of the study area result in little loss of snowpack in 
the study areas under most scenarios of change.  

• However, in Figures 5-10 and 5-11 we notice an anomaly – for the dry year, the Hot/Wet 
scenario does not have the greatest loss of snow covered area. The increase in 
precipitation in this scenario has somewhat compensated for the loss of snowpack due to 
warming.   
 

Comment [GJM9]: We should run this by Steve to see 
what he thinks re displaying maps using SWE vs snow 
depth. Swe is much less understandable to the avg reader 
whereas snow depth is clear. 

Comment [Office10R9]: For the paper we will 
probably have to stick to SWE as much as possible.   Snow 
depth was derived using our empirical formula, which is fine 
for our purposes – denoting areas of a significant amount of 
snow--.   But showing maps it is probably less risky to snow 
them in terms of SWE – that is what snow/hydrologic  
modelers mainly think in terms of anyway as it is more close 
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5.11.2 Area	and	Number	of	years	with	0.5	m	Snow	Depth		
 
Because of interest in wolverine denning sites, we analyze snow depth > 0.5 m, which we will 
also refer to as “significant snow”  to contrast with the emphasis on light snow in McKelvey et al 
(2011) and in the previous section.   Figure 5-12 shows the area with snow depth > 0.5 m on 
May 15 within the study area for the dry, near normal, and wet years. Because of the higher 
threshold for snow, the effects are somewhat larger than for the light snow threshold. This is 
particularly evident in the dry year, which has a 50% decline on May 15 for four of the future 
scenarios. The numerical values of snow covered area at the > 0.5 m threshold are shown in 
Table 5-5 for all years, as well as percent changes for these quantities. On average, the GLAC 
study area exhibits a 15 – 68 percent decline in the area of snow depth > 0.5 meters for the 
scenarios considered.  
Figure 5-22 here, plus text to accompany the results from this figure. Also include the X to X 
km^2 area that correspond to the 15-68 declines.  
 
Figure 5-13 shows a map of the number of years (out of 16 possible) where each model pixel had 
at least 0.5 m of snow depth on May 15. This number-of-years statistic is analogous to that used 
by the Copeland study, except that there are more years of data, and these maps use a much 
higher threshold of snow. The projections show declines in the number of years with significant 
snow. The areas with frequent (14-16 years) availability of significant snow become 
concentrated in smaller high elevation areas.  
 
The effects of climate change on snow melt have been presented as analogous to a “time 
shifting” of the melt season earlier in the year. For example, McKelvey used the May 31 vs. May 
15 snow covered area as a proxy for a 2-week shift in the melt season. Figure 5-14 contrasts the 
evolution of the snowpack from May 1 to June 1 in the historical simulations (Top Row) with the 
Warm/Wet scenario (Middle Row) and Hot/Wet (Bottom Row) scenarios. We see that the 
Warm/Wet scenario, shows the least change compared to the historic snow cover in terms of the 
availability of significant snow. In contrast, under the Hot/Wet scenario, the May 1st significant 
snowpack has been diminished below the level of the historic June 1 snowpack – greater than a 
month shift.  
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5.12 ROMO	Study	Area		
On average, the ROMO study area exhibits a 7 – 64 percent decline in the area of snow 
depth > 0.5 meters on May 15 for the scenarios considered. Note that the Warm/Wet 
scenario projects a slight increase in the area of significant snowpack on May 1.  
 

5.12.1 SWE	and	Snow	Covered	Area	for	representative	years	
 
Figure 5-15 shows DHSVM model simulated SWE on May 15th for the wet representative year 
(2011). The historical simulation is shown along with three of the five future scenarios, chosen to 
represent the central scenario (cnrm), the greatest change in snowpack on average (Hot/Dry 
(hadgem2) scenario) and the least change (Warm/Wet (giss) scenario). The future scenarios 
answer the question “what would the snowpack in a wet year (like 2011) look like in the 2040’s 
through 2070’s under these scenarios of climate change.” Note that the “greatest snowpack 
change” scenario is different for ROMO than for GLAC. We have included Hot/Dry in the 
choice of scenarios for ROMO because a significant number of climate models project drying 
conditions in ROMO, whereas in GLAC, the vast majority of climate models predict a wetter 
future.  
 
Figures 5-16 and 5-17 shows SWE for the “Near Normal” (2009) and “Dry” (2002) year. One 
can see that in the dry year, the snow cover is already very sparse even in the historical 
simulation.  
 
Figure 5-18 summarizes the results in terms of the total snow covered area (km2) within the 
study area polygon. In this case, the threshold used is 13mm of SWE, representing a light snow 
cover, and comparable to the results in McKelvey. Comparing the Wet and Dry years we see, as 
with GLAC, that dry years are more vulnerable to climate change in terms of percentage of area 
lost. For the Wet year, the high elevations of the study area result in little loss of snowpack in the 
study areas under most scenarios of change. The numerical values of snow covered area for all 
years, as well as percent changes for these quantities are shown in Table 5-7. On average, the 
ROMO study area exhibits a 12-52 percent decline in snow covered area on May 15 for the 
scenarios considered.  
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5.12.2 Area	and	Number	of	years	with	0.5	m	Snow	Depth		
 
Because of interest in wolverine denning sites, we analyze snow depth > 0.5 m, which we will 
refer to here as “significant snow.” Figure 5-19 shows the area with snow depth > 0.5 m within 
the study area. Because of the more stringent threshold for snow, the effects are somewhat larger 
than for the light snow cover. The numerical values of snow covered area at the > 0.5 m 
threshold are shown in Table 5-7 for all years, as well as percent changes for these quantities. In 
this table, we note that dry years such as 2002 see increases in snow covered area for the 
Hot/Very Wet and Warm/Wet scenarios. As in GLAC, dry years are somewhat buffered against 
change, and in fact can see increases in high-altitude “significant” snow for scenarios with 
increased precipitation. This is a result of the elevational dependence of snowpack change that 
will be discussed in the next sub-section. On average, the ROMO study area exhibits a 7 – 64 
percent decline in the area of snow depth > 0.5 meters on May 15 for the scenarios 
considered. Note that the Warm/Wet scenario projects a slight increase in the area of 
significant snowpack on May 1.  
 
Figure 5-20 shows a map of the number of years (out of 16 possible) where each model pixel had 
at least 0.5 m of snow depth on May 15th. This summary statistic is analogous to that used by the 
Copeland study, except that there are more years of data, and these maps use a much higher 
threshold of snow. The projections show declines in the number of years with significant snow. 
The areas with frequent (14-16 years) availability of significant snow become concentrated in 
smaller high elevation areas. The Hot/Dry “greatest change” scenario, illustrates that the 
combination of drying and warming leads to very large declines in the persistence of snow.   
 
The effects of climate change on snow melt have been presented as analogous to a “time 
shifting” of the melt season earlier in the year. For example, McKelvey (2011) used the May 31st 
vs. May 15th snow covered area as a proxy for a 2-week shift in the melt season. Figure 5-21 
contrasts the evolution of the snowpack from May 1 to June 1 in the historical simulations (Top 
Row) with the Warm/Wet scenario (giss, Middle Row) and Hot/Dry (hadgem, Bottom Row) 
scenarios [Graphics being re-done].  
 

5.13 Elevation	Dependence	of	Snowpack	Change	in	the	DHSVM	model	
 
Snowpack accumulation and melt depends critically on temperature and hence on elevation. In 
the Warm/Dry and Hot/Dry scenarios, both the precipitation decrease and the warming act to 
reduce Spring snowpack.  For the scenarios with warming and increased precipitation there are 
two countervailing forces that play out along an elevational gradient. A warmer, wetter future is 
one in which the freezing level and snow line tends to be higher, but with the potential for 
greater snowpack accumulation during the cold season at high elevations. The warming also 
tends to lead to an earlier snowmelt, so that the increased high-elevation snowpack is more 
evident early in the Springtime than later.  
 
Figures 5-22 shows the percent change in May 1st snow covered area (SCA; 0.5 meters depth) 
for GLAC, computed for 200 m elevation bands. The elevation of observed den sites is noted by 
triangles, with den sites ranging from approximately 1500m to 2300 m.  There is little change in 
SCA for 4 of the 5 scenarios above 2200m. As in a mirror image there is greater than  95 % loss 
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of SCA below 1400m for 4 of the 5 scenarios.   Between these two elevations – and in  the 
regions where most observations of dens have been noted – the snowpack change is very 
sensitive to elevation and to the particular future climate scenario.   Figure 5-23 shows the 
elevation dependence of the May 1st snowpack measured in terms of snow water equivalent 
(SWE).  Viewing snowpack in terms of SWE illustrates more clearly that the Hot/Very Wet 
future scenario has a greater snowpack at high elevations despite completely losing its snowpack 
at 100m elevation.  Figure 5-23 also illustrates that SWE can have modest declines without 
affecting the area with significant snow depth.  The implications is that wet, cold climate of the 
GLAC study area can act as a  “buffer” to  change in the area of 0.5 meter deep snow on May 1st, 
at least at high elevations.   
 
Figure 5-24 shown the May 1st SCA (0.5 meter depth) for  ROMO. The high elevation areas 
show a loss of SCA for four of the five future scenarios, which an increase only in the 
Warm/Wet (giss)  scenario. The climate of ROMO is, on average drier than that of GLAC, and 
the regions of the model simulations that have significant snow in most years is restricted to the 
two smaller areas within the domain (Figure 5-21).  As a result the climate does not act to buffer 
change in the area of significant snow on May 1st.    
 
This phenomenon of elevation-dependent snowpack change in the Western US is well supported 
in the literature. Regonda et al. (2005) found little historical change in snowpack in the Western 
United States above approximately 2500m elevation despite observed warming trends. 
Christensen and Lettenmaier (2007) considered VIC hydrology model projections and reported 
as strong elevation dependence for  snowpack loss in the Colorado River basin below 2500 m 
elevation (their data was visualized in Ray et al. 2008).   Two recent studies are of special 
interest because they focus on areas near those considered here.  Sospendra-Alfonso et al (2015), 
on an area near the GLAC study area, find that historically, temperature has been a larger driver 
of April 1st snowpack only below about 1560 m elevation, with precipitation the main driver of 
variability above that elevation.  Scalzitti et al. (2016) investigated a single climate change 
scenario using a high-resolution weather model and  found that the critical elevation below 
which temperature dominates snowpack rises by about 250m in the Colorado Rockies, and rises 
by about 191 m in the Northern Rockies hear the GLAC study area. While it is difficult to these 
results directly to the present study due to differences in methodology, the qualitative picture 
remains – projected warming  has a larger effect at lower elevations whereas projected 
precipitation changes may dominate the Springtime snowpack in the high country.    
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6 Comparing	results	with	McKelvey	
 
An overview of the methodological similarities and differences between this study and 
McKelvey et al (2011) was presented in section 2.2. The differences in aims of these studies 
leads to challenges in making a direct comparison. McKelvey investigated persistence of even a 
snow cover to May 15th as a correlate of wolverine habitat, as noted in Aubry et al (2008). This 
study focuses on high-elevation terrain and on the persistence of deeper snowpack. Nonetheless 
some general statements can be made relating the two studies. Figure 5-24 shows snowcover 
under McKelvey’s historic and “miroc 2080’s” (or hotter) scenario. The GLAC and ROMO 
areas have been outlined. A close examination of this figure shows that snow cover persists in 
our study areas, even for their hotter scenario of change (miroc “2080’s). The greatest loss of 
snow cover in McKelvey occurs at lower elevations than were included in GLAC or ROMO. 
Because of the increased resolution of our study we are able to consider whether any pockets of 
snow with depth greater than 0.5 meters will persist.  
 
The choice of future climate scenarios differs somewhat from McKelvey. We have intentionally 
included scenarios that represent the range of possibilities indicated by the CMIP5 climate 
models. McKelvey used climate model output from Littell, who chose scenarios based solely on 
projected warming. For GLAC, this choice fortuitously included a range of precipitation changes 
as well. For ROMO, however, McKelvey’s scenarios include only a narrow range of 
precipitation change, where we include scenarios with significantly increased wintertime 
precipitation as well as scenarios with drying. This is a significant factor, given the buffering 
effect that increased precipitation has on snowpack loss at high elevations. 
 
While McKelvey focused snowpack projections entirely on the long-term average, we 
investigate how climate variability – the sequences of wet and dry years -- intersects with 
scenarios of change. For ROMO in particular we find that dry years behave differently than wet 
years, with dry years benefitting from the increased precipitation in several of our future 
scenarios. This emphasizes the importance of planning for a range of possible climate scenarios, 
particularly regarding the direction of change in wintertime precipitation.  
 
The question arises as to how the fine-scale projections of snow persistence in other areas might 
reasonably be inferred from the two study areas considered here. Figure 5-24 indicates many 
areas in the western United States that show persistence of snow cover in McKelvey’s scenarios, 
even in the more extreme scenarios. We have investigated two study areas: a northern, relatively 
wet and low-elevation area GLAC, and a southern, relatively dry, and very high elevation area 
(ROMO). In both areas we find general declines in snow covered area under most future 
scenarios. The GLAC study area is broadly similar in its climate to much of the high northern 
Rockies, while ROMO shares features with the high mountain ranges of the Central Rockies.  
For areas in the McKelvey maps that show retention of snow on the higher mountain ranges it is 
physically reasonable to presume that a finer scale simulation would show the retention of areas 
of snow > 0.5 m on May 15th.  Extending this beyond the general area of the Rocky Mountains is 
problematic. Even within the Rockies, in regions where McKelvey’s results show widespread 
loss of snowpack it is probably not reasonable to conclude one way or the other whether a finer 
scale analysis would identify snow refugia.  
 

Comment [GJM11]: Explain this was their worst case. 
AJR – they don’t use use the term “Worst Case” – they just 
use miroc,  We coul say the warm/warmer and hot/hotter 
scenarios, but I’m not comfortable calling them “worst case” 
and definitely not best case. 
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8 Glossary	
 

• Aspect: compass direction that slope faces 
• Baseline period 1916-2000: Deltas (changes) computed (monthly average delta) for 

“2040’s and “2080’s” compared to the 1916-2000 baseline. 
• CanESM: A CMIP5 climate model the Canadian Centre for Climate Modeling and 

Analysis (canesm2.1.rcp85), forced with the RCP 8.5 higher emissions pathway, used in 
this report as a future scenario (Hot/Dry scenario for GLAC only) that has relatively 
higher increase in temperature (+~4.5 C) and about +20% increase in precipitation (See 
Figure 5-7) 

• Climate Sensitivity: Regionally speaking, it is the response of a climate model for a 
given amount of greenhouse gas increase. More narrowly defined it is the global average 
temperature increase that results from a doubling of carbon dioxide over pre-industrial 
values.  

• CMIP3, CMIP5: Coupled Model Intercomparison Project Phases 3 and 5. 
“Foundational” collections of climate model projections, used in the Intergovernmental 
panel on Climate Change (IPCC) 2007 and IPCC 2013 reports, respectively 

• CNRM: A CMIP5 climate model from the French National Centre of Meteorological 
Research (cnrm-cm5.1.rcp85),used in this report as a future scenario (Central scenario for 
both GLAC and ROMO) that is relatively close to the ensemble mean in temperature 
increase (+~2.5 oC) and +~5-8% increase in precipitation (See Figure 5-7). 

• DEM: Digital elevation model 
• DSHVM: Distributed Hydrology Soil Vegetation Model 
• ESM: earth system models, see GCM. 
• FIO: A CMIP5 earth system model from the First Institute of Oceanography, State 

Oceanic Administration of China (fio-esm.1.rcp85), used in this report as a future 
scenario (Warm/Dry scenario for both areas) that is relatively lower in temperature 
increase (+~0.8-1.6 oC) and -~5% decrease in precipitation (See Figure 5-7). 

• FLH: Atmospheric freezing level height is the altitude in the free atmosphere at which 
the temperature is 0 °C 

• GCM: Global Climate Model, 6 were used for this report from the IPCC 2013 class of 
models; X of these are actually earth system models (ESM), an advanced type of GCM 
which have the added capability to explicitly represent biogeochemical processes that 
interact with the physical climate. GCM is used as a general term referring to both kinds 
of models, ESM is used specifically for earth system models. 
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• GISS: A CMIP5 climate model from the NASA Goddard Institute for Space Studies 
(giss-e2-r.1.rcp45), used in this report as a future scenario (Warm/Wet scenario for both 
areas). Referred to as the “Least Change” scenario because it that is relatively lower 
temperature increase (+~1-1.3 oC) and +~7-10% increase in precipitation (See Figure 5-
7). 

• GLAC: An area in Glacier National Park used as a spatial unit of analysis in this report 
• HADGEM: A CMIP5 earth system model from the United Kingdom Meteorological 

Office Hadley Center (hadgem2-es.1.rcp85) used in this report as a future scenario 
(Hot/Very Wet scenario for ROMO only) that has relatively higher temperature increase 
(+~ 3.5 oC) and -~5% decrease in precipitation. 

• Internal climate variability: The variations in the climate, even for 30-year and longer 
averages, that can occur due to the interactions of the atmosphere, ocean, inland surface 
and cryosphere. This occurs even in the absence of anthropogenic climate change.  

• MODIS: Moderate Resolution Imaging Spectroradiometer, a satellite remote sensing 
instrument carried on the Terra satellite 

• MIROC: A CMIP5 earth system model from the Japanese Agency for Marine-Earth 
Science and Technology, Atmosphere and Ocean Research Institute (The University of 
Tokyo), and National Institute for Environmental Studies (miroc-esm-chem.1.rcp85), 
used in this report as a future scenario (Hot/Wet scenario for both areas). Referred to as 
the “Greatest Change” scenario because it has the highest temperature increase of the 
scenarios (+~4 oC) and +~10-18% increase in precipitation (see Figure 5-7). This ESM 
has an atmospheric chemistry (CHEM) component coupled to the MIROC-ESM 
(http://maca.northwestknowledge.net/GCMs.php).  

• NDSI: Normalized Difference Snow Index, a measure of snow cover, has a has a linear 
relationship to fractional snow cover (FSC) 

• North American Freezing Level Tracker: NCEP/NCAR Global Reanalysis 2.5o x 2.5o 
grid data (http://www.wrcc.dri.edu/cwd/products/) 

• Octants: Topographic aspect, or compass direction, was classified into eight directional 
bins, each representing 45° of compass arc, e.g; NW, N, NE, E, SE, S, SW, and W 

• Resolution:  The VIC modeling that was the basis for McKelvey was performed on a 
regular grid in latitude and longitude, with a grid size of 1/16 degree on a side. The 
distance between degrees of longitude varies due to the curvature of the Earth, and the 
east-west dimension of a gridbox is smaller than the north-south distance by a factor of 
the cosine of latitude. At 40°N latitude, the southern extent of Rocky Mountain National 
Park, the gridbox is ~5km by 7 km (~37km2). Grid boxes at Glacier National Park 
(~48°N) are slightly smaller. When referring to the McKelvey study we will use the 
“1/16 degree” notation. The DHSVM modeling used in this study was performed on a 
uniform grid in the Universal Transverse Mercator (UTM) map projection, which allows 
a near-uniform grid size of 250m by 250m (0.0625 km2) in both of the study areas.  

• ROMO: An area in and around Rocky Mountain NP used as a spatial unit of analysis in 
this report 

• SCA: Snow Covered Area (km2) 
• SDD: Snow Disappearance Date, the first Day of Year after March 1 where pixel is 

snow-free, defined as the date which NDSI/100 was less or equal to 0.1. 
• SNODAS: Snow Data Assimilation System, a product of the NOAA National Weather 

Service's National Operational Hydrologic Remote Sensing Center (NOHRSC) 
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• SWE: Snow water equivalent (mm). For May, snow depth is assumed to be ~ 2.5 *SWE  
• TopoWx:  
• Snow covered area, total:Total area covered by snow within the study boundaries in 

square kilometers (km2) 
• Snow covered area, fractional: Percentage of the total land area that is covered by 

snow; this can be within the study boundaries, aspect area, or elevation bands 
• VIC: Variable Infiltration Capacity hydrologic model 
• UTM: Universal Transverse Mercator spatial coordinates 
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Executive Summary 
 
Overview: This study is a fine-scale assessment of snow extent and depth at two areas in and in 
the vicinity of Glacier (GLAC) and Rocky Mountain (ROMO) National Parks.  The analysis was 
done for  both the recent past, using MODIS satellite-based remote sensing, and in historic 
simulations and projections of future snowpack  using a high-resolution hydrologic model. The 
fine scale hydrologic modeling allows for the consideration of  snow processes such as 
dependence on terrain slope and aspect that are important to understanding high elevation snow 
persistence in a changing climate and were not considered in previous work.   
 
Methods: The report intentionally builds on previous work by McKelvey et al. (2011) extending 
that work by providing a higher resolution spatial scale analysis for two case study areas, and a 
broader range of future scenarios. Two areas were studied: a high latitude, low elevation area 
within Glacier National Park (Figure 2-1) that is currently occupied by wolverines and a lower 
latitude, high elevation area within Rocky Mountain National Park (Figure 2-2).A detailed 
comparison of their methodologies and ours is provided in Table 2-1. The project uses methods 
from the peer-reviewed, published literature to:  

● Explicitly model the effects of slope and aspect, using fine-scale spatial models to 
analyze topographic effects on snow 

● Better represent the range of plausible future changes (climate scenarios) 
● Analyze extremes: we selected representative wet, dry, and near normal years from the 

historic record and assessed how these might change in the future 
○ Representative years for GLAC: 2011 (cool wet), 2005 (warm dry), 2009 (near 

normal). 
○ Representative years for ROMO: 2011 (cool wet), 2002 (warm dry), 2007 (near 

normal). 
● Assessing change in snow by elevation.  

 
MODIS Observed Historic Snowpack Variability Analysis: Satellite-based MODIS snow cover 
data was used to assess the historical variability of snow cover in the study areas and as a basis 
for the spatial evaluation of the hydrologic model simulations. The historical observed snow 
cover was analyzed for its dependence on terrain elevation and aspect (compass direction that the 
slope faces).   

● In GLAC, snow covered areavaries considerably by year, including “wet” years such as 
2011 with very persistent snow, years with strong melt in early May, such as 2012, or in 
late May (2009, 2001), and “dry” years (2004, 2005). The period of the modeling study 
in Section 5 ends in 2013 due to dataset limitations, but it is worth noting that the last two 
years of the MODIS record, 2015 and 2016 show low snowcover (Section 4.3).  

● Even in dry years, NE-facing slopes in GLAC tend to hold more snow and melt later in 
the season. There is > 80% snow cover above ~2000 m elevation on May 1 during dry 
years, and > 95% snow cover above ~1200 m during wet years. Snow conditions on June 
1 during wet years resemble those for May 1 during near-normal years. 

● In ROMO, snow covered area also varies considerably by year (Section 4.4). 
● NW-facing slopes in ROMO tend to hold more snow even during dry years. In very dry 

years, snow cover peaks at intermediate elevations, suggesting that the high-altitude 
snowpack may be particularly vulnerable in this region under warm/dry conditions. 
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Future Snowpack Projections: The Distributed Hydrology Soil Vegetation (DHSVM) was run in 
historical simulations of the period 1998-2013.  The model was validated against SNOTEL in-
situ snow observations and MODIS snow cover. The model was then run for five scenarios of 
the future which represent a nominal 2055 climate. Scenarios were selected from CMIP5 global 
climate model (GCM) projections, and were chosen to span a large fraction of the range of the 
CMIP5 ensemble projections in each study area in terms of precipitation and temperature 
changes. Representative Wet, Near Normal, and Dry years were analyzed for the historical 
simulations and how each of these years plays out under these five future scenarios. The number 
of years (out of 16) with snow above 0.5m depth was also analyzed as was the change in Snow 
Covered Area (SCA) with depth greater than 0.5m. The average change in SCA and Snow Water 
Equivalent (SWE) was analyzed as a function of elevation, and for GLAC was overlayed with 
the elevations of wolverine den sites. (Section 5)  
 
For the study area in Glacier National Park (GLAC), projections for May 15th Snow Covered 
Area and area with snow depth greater than 0.5 meters declines on average in all scenarios and 
for almost all years (Section 5-11). This is a12-42 percent decline in snow covered area, and a 
15-68 percent decline in area with snow depth > 0.5 meters for the scenarios considered.  

● The Warm/Wet scenario shows the least change compared to the historic snow cover in 
terms of the area of significant (0.5 meter) snowpack, comparable to only a small shift in 
time. In contrast, under the Hot/Wet scenario, on May 1 the area covered by >0.5 
snowpack is smaller than the area covered on June 1 in the historic record – a shift of a 
month earlier. 

● All projections show declines in the number of years with significant snow. The areas 
with frequent (14-16 years) availability of significant snow become concentrated in 
smaller high elevation areas.  

● For wet years, the high elevations of the study areas result in little loss of snowpack 
under most scenarios of change. 

● For high elevation areas, there is little change in SCA for 4 of the 5 scenarios above 
2200m. As in a mirror image there is greater than 95 % loss of SCA below 1400m for 4 
of the 5 scenarios. Between these two elevations – and in the regions where most 
observations of dens have been noted – the snowpack change is very sensitive to 
elevation and to the particular future climate scenario. 

 
 
For the study area in and around Rocky Mountain National Park (ROMO), projections of May 
15th Snow Covered Area in ROMO (13mm threshold on May 15) declines on average in all 
scenarios and for almost all years. (Section 5-12) 

● There is a 12-52 percent decline in snow covered area, and a 7-64 percent decline in area 
with snow depth > 0.5 meters for the scenarios considered.  

● Snow Covered Area in ROMO (0.5 m threshold on May 15) generally declines in wet 
years, but may increase in dry years in those scenarios with increased precipitation.  

● Some scenarios with increased precipitation show increases in May 15 snowpack at the 
higher elevations in both study areas, but decreases in snowpack at lower elevations. This 
can lead to an increase in the area of > 0.5 meters of snow for “dry” years. 

● ROMO exhibited more uncertainty in projections than GLAC 
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○ ROMO has more uncertainty as to whether precipitation will increase or decrease.  
○ The beneficial effect of increased precipitation on snowpack is more prominent 

earlier in the Spring. In the Warm/Wet scenario, the area of significant snow on 
May1 increases on average, though it decreases on May 15.  

○ For wet years, the high elevations of the study areas result in only modest loss of 
snow cover under all scenarios of change. However even in wet years, the area of 
significant snowpack can decline by almost 50% for the Hot/Dry climate change 
scenario. (Section 5-X) 

 
Elevation dependence of change (Section 5.13): In general, and supported by the literature, the 
snowpack at the higher elevations of both areas is more responsive to precipitation change, while 
at lower elevations it is more responsive to temperature change.  For GLAC, most of the 
observed den sites are located just below the precipitation-dominated zone, and therefore at 
elevations where the changes in snowpack are highly dependent on the climate scenario and also 
on elevation.    For high elevation areas there is loss of SCA for four of the five future scenarios, 
with an increase only in the Warm/Wet (giss) scenario. The climate of ROMO is, on average 
drier than that of GLAC, and the regions of the model simulations that have significant snow in 
most years is restricted to the two smaller areas within the domain (Figure 5-21). As a result the 
characteristics of the present-day climate does not act to buffer changes in the area of significant 
snow on May 1st as it does in GLAC.  
 
Comparison with McKelvey’s results (Section 6):  There are challenges in making a direct 
comparison between the studies due to differences in the goals and spatial scale. McKelvey 
investigated persistence of even a light snow cover to May 15th as a correlate of wolverine 
habitat, as noted in Aubry et al (2008). This study focuses on high-elevation terrain and on the 
persistence of deeper snowpack. However, the following comparisons are valid:  

● Snow cover persists in our study areas, even for the hotter scenario of change in the 
McKelvey study (miroc “2080’s). The greatest loss of snow cover in McKelvey occurs at 
lower elevations that were deliberately not included in the GLAC or ROMO study areas.  

● McKelvey focused exclusively on the persistence of even light snow cover on May 15th. 
Because of the increased resolution of our study we are able to consider whether any 
pockets of snow with depth greater than 0.5 meters will persist in these areas. Results 
vary according to scenario, but generally show declines in SCA with depth greater than 
0.5 meters by the 2050s, as noted above. 

● Our results may reasonably be generalized to the high mountain ranges within the 
Rockies that lie between GLAC and ROMO, with projections on average wetter in 
GLAC. However, without further study we cannot reasonably extend our results to say 
whether or not snow refugia may persist in the Central Rockies at lower elevations where 
McKelvey indicates the greatest snowpack losses, nor to the Cascades with its very 
different maritime climate.     
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1 Introduction 

1.1 Motivation 
 
This report responds to the United States Fish and Wildlife Service (FWS) need for information 
on potential climate impacts to snow persistence. The North American wolverine (Gulo gulo 
luscus) is currently being evaluated for listing as a threatened or endangered species under the 
Endangered Species Act (ESA) and climate change effects on snow persistence was identified as 
an important factor for the future viability of the wolverine. The species was considered for 
listing in 2014, but FWS concluded that it did not warrant listing. They further concluded that 
there is significant uncertainty about how the effects of climate change will affect wolverines and 
their habitat in the foreseeable future, and that this uncertainty includes information on how fine-
scale changes in snow cover and persistence might affect denning site selection.  
 
This report provides FWS with a finer scale assessment of snow extent and depth at which 
extends previous work by McKelvey et al. (2011). We believe the inclusion of finer scale 
analyses as well as additional snow processes such as slope and aspect are critical to 
understanding high elevation snow persistence in a changing climate. 
 
ADD By design, our methods are from the peer-reviewed, published literature, etc. What we find 
is consistent with past research  
 
Funding was provided by the U.S. Fish and Wildlife Service, Region 6 and the NOAA/Earth 
System Research Lab/Physical Sciences Division. This effort builds on work underway by the 
project team at NOAA/ESRL/PSD, the NOAA-University of Colorado (CU) Cooperative 
Institute for Research in Environmental Sciences (CIRES), and CU Department of Civil, 
Environmental & Architectural Engineering.  
 

1.2 Project Objectives 
 
Persistent spring snowpack has been described as an important factor in determining suitable 
habitat for the wolverine, including Northern boreal forests and subarctic and alpine tundra 
(Aubry et al, 2007, Peacock et al, 2011). This relationship was the basis for the analysis by 
Copeland et al. (2010) and McKelvey et al. (2011) used in the previous FWS decision. In both 
studies, climate change projections of snowpack were used to characterize potential future 
wolverine habitat.  
 
The goal of this effort is to identify the depth and persistence of spring snow in the future. Our 
primary objective is to advance scientific understanding of the current spatial extent of spring 
snow retention on the landscape, and the future temporal and spatial extent of snow retention 
through a thirty-year period, 2041-2070, centered on the year 2055. We aim to advance snow 
analysis and modeling to better support assessment of snow-related species, in the following 
ways:  

• Explicitly model the effects of slope and aspect, using fine-scale spatial models to 
analyze topographic effects on snow 
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• Better represent the range of plausible future changes (climate scenarios) 
• Analyze extremes: wet and dry years from the historic record and how these might 

change in the future 
 
Our strategy was to build on previous methods where possible to be comparable to work by 
McKelvey et al. (2011) and Copeland et al. (2010).  We departed from their methods where 
necessary to take advantage of analysis techniques not feasible at the large scales used in the 
studies done by those authors. These include new scientific data and tools that are now available, 
including the following: 

• Use of a longer time series of satellite and in situ observations 
• Analysis of historic snowpack variability to investigate the influences of topography on 

snow cover  
• Use of more recent climate model output and improved criteria for choice of climate 

change scenarios 
• Use of hydrologic modeling at highly resolved (250m) spatial scale for simulation and 

future projection of snow cover and depth for two case study areas in Glacier National 
Park and Rocky Mountain National Park. 
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2 Project Overview and Background 

2.1 Overview 
 
We first reviewed the observed climate and variability, in order to provide context for future  
changes (Section 3). We next analyzed historic snow variability from satellite remote sensing of 
snow extent from the year 2000 to present to determine areas of greater and lesser sensitivity to 
climate drivers (temperature and precipitation), and identify possible snow refugia. Prior studies 
also show a relationship between terrain (slope and aspect) and persistence of snow (e.g. 
Lundquist and Flint, 2006) and thus this factor is potentially important under in a changed 
climate. (Section 4). We then did an intercomparison of the satellite observations of snow with 
that from the DHSVM hydrologic modeling study that includes a representation of slope and 
aspect (the compass direction that the slope faces) of the terrain and shading on the snowpack. 
Finally, the DSHVM hydrologic model was forced with five future scenarios of climate change 
for each of the two study regions (Section 5). These future climate scenarios were derived from 
the latest Coupled Model Inter-comparison Project Phase-5 runs (CMIP5, Taylor et al., 2012) 
which informed the latest Intergovernmental Panel on Climate Change (IPCC) report (IPCC 
AR5, 2013).  
 
All methodologies were chosen to be consistent with those used in existing peer-reviewed work. 

2.2 Study Areas 
 
High-resolution hydrologic modeling was needed to provide fine scale analysis of snow. 
However, given time, funding and computational constraints, it was necessary to limit the study 
domain to two areas of about 1,500-3,000km2 for high-resolution analysis. Two study areas 
representing core and peripheral habitat regions in the northern and central Rocky Mountains 
were identified in consultation with FWS Region 6 personnel (Figures 2-1 and 2-2). We 
bracketed the range of wolverine habitat conditions in the lower 48 habitat conditions, because 
we were restricted to smaller areas for analysis. The two sites chosen included a high latitude, 
low elevation area within Glacier National Park (Figure 2-1) that is currently occupied by 
wolverines and a lower latitude, high elevation area within Rocky Mountain National Park 
(Figure 2-2) that has had recent documented wolverine occurrence and could be a potential 
reintroduction site for wolverines. Both model areas encompassed elevations from ~250m below 
treeline to maximum elevation.  
 
The analysis for the GLAC and ROMO study areas is presented in separate sections, repeating 
descriptions to make the material self-contained for the reader who may read about only one 
area; similarly, complete captions are given for each area. 
 

2.3 The West-wide context of future climate 
 
Global climate models (GCMs) are the primary tools used by climate science to examine the 
nature of climate change during the 21st century.  These models reveal both the uncertainty of 
climate projections as well as underlying regional patterns of change.   This section provides a 
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west-wide context for the specific choices of future climate scenarios that will be discussed later 
in the report.  
 
Understanding the uncertainty of climate projections is commonly approached through 
comparison of the results from multiple climate models (e.g. IPCC, 2013).  There are currently 
about 20 modeling centers worldwide that provide output from their best model or models to be 
considered in the Coupled Model Inter-comparison Project Phase-5 (CMIP5, Taylor et al., 2012), 
an international, coordinated modeling project which informed the most recent 
Intergovernmental Panel on Climate Change (IPCC) assessment report (IPCC AR5, 2013).  
When we quantify regional changes in climate variables such as temperature and precipitation by 
a particular time horizon in the 21st century, we find a large spread in the extent of warming and 
changes in precipitation, including both increases and decreases in precipitation, as shown in 
regional maps (Figure 2-4) and described later in Section 5. For temperature change, much of 
this spread (or uncertainty) is a result of the difference among the formulations of the GCMs 
(e.g., their climate sensitivities), whereas for precipitation it is both the differences among GCMs 
and internal climate variability. Some difference also comes out of the choice of future 
greenhouse gases (GHG) emission scenario. However, the differences among greenhouse gas 
emissions scenarios is less at mid-21st century compared to later in the century, and is much 
smaller than other sources of uncertainty at the regional scale (IPCC,2013).  
 
In addition to uncertainty, the CMIP5 climate models also reveal regional patterns of change.  
Figure 2-4 shows projected annual and seasonal temperature and precipitation changes by 2050 
(2035–2064) over the western U.S., including the northern and central Rocky Mountains, from 
an ensemble of the 34 climate models used for this study under the RCP 8.5, a high-end 
emissions scenario. The large maps show the average change for all of the models (n=34) for that 
season, and the small maps show the average changes of the highest 20% and lowest 20% of the 
models, based on the statewide change for Colorado in temperature or precipitation. For much of 
the central and northern Rockies, all models show a substantial warming (of +2.5°F to +5.5°F). 
While fewer models agree about the direction of precipitation change west-wide, even the lower 
(drier) models show an increase in winter precipitation for the area around Glacier National Park, 
although there is less agreement for the central Rockies area including Rocky Mountain National 
Park.   
 
The uncertainty of climate change motivates the choice of several future climate scenarios for 
each study region. The regional patterns of change indicate that the range of the climate 
scenarios chosen will differ somewhat from region to region.   The GCM output, and the specific 
selection of future climate scenarios for this study are discussed further in Section 5. 
 
 

2.4 Comparison between our analysis and that of Copeland and McKelvey 
 
The Copeland et al. (2010) and McKelvey et al. (2011) studies were an integral part of the 
previous FWS decision process. Therefore, we present here a detailed comparison of their 
methodologies and ours, to establish both how our methodologies followed theirs when 
appropriate, and diverged where new data or updated methods were available.  A summary of the 
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most salient similarities and differences between our work and the studies used previously is 
presented in Table 2-1. 
 
 
Table 2-1: Modeling Methods Compared to McKelvey 
 

 
McKelvey (Littell) This Study 

Spatial Resolution 
(modeling) 

VIC model – 1/16 degree (~5km 
x 7 km, ~37km2 cell)  

DHSVM model - 250m x 250m UTM 
grid (~0.0625 km2 cell) 
 

Spatial Extent Westwide except California and 
Great Basin 
 

ROMO and GLAC study areas, near 
and above treeline 

Process 
differences 

Slope and aspect were not 
modeled and the mountains 
were assumed to be flat from a 
solar radiation process, implicit 
elevation bands.  
 

Slope, aspect, shading, explicit fine 
scale elevation effects.  

Validation None specific to snow  Comparison to SNOTEL (ground 
stations) and MODIS (satellite)  

Future Scenarios Delta Method; “2045”;”2085”; 
from 3 GCMs selected to span 
westwide temperature changes. 
 

Delta Method: ”2055” from 5 GCMs 
spanning regional changes in 
temperature and precipitation 

Analysis Changes in long-term mean 
snowpack only 
 

Means and variability, including wet, 
near normal and dry years.  

Snow 
representation  

Binary snow/no snow at 13 cm 
snow depth  

Analyzed snow depth at two 
thresholds: 13mm of SWE (‘light 
snow’) and 0.5m depth (‘significant 
snow’) 

 
 
Both Copeland et al (2010; hereafter, simply Copeland or the Copeland study)  and McKelvey 
present analysis based on satellite remotely-sensed snow cover from the MODIS .  For example, 
Copeland calculated the number of years with snowcover on May 15th as detected in the MODIS 
snowcover dataset, by calculating a snow disappearance date. They found that most (45 of 75) 
North American den sites were in areas that snow cover persisted with 6 or 7 out of 7 years on 
May 15th. We also provide a historical analysis of remotely sensed snow cover from  MODIS.  
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We also investigated the of number of years of snow persistence for our study areas, however, 
the new MODIS product has two advantages over that available at the time of their study, 1) 
improved snow detection (snow covered area, SCA), and 2) 17 years of MODIS data is now 
available vs the 7 available to Copeland and McKelvey. Furthermore, we investigated the 
relationships between snow cover persistence and both elevation and aspect (the compass 
direction of the slope face).   
 
Both McKelvey and the present study investigate projections of snow cover using a distributed 
hydrologic model.   McKelvey et al. (2011) (hereafter, simply McKelvey or the McKelvey 
study) focused their analysis on May 1st snow depth simulated by the Variable Infiltration 
Capacity hydrologic (VIC) hydrology model (1/16 degree, ~5km x 7 km), “flat” gridboxes, or 
cells, with no slope aspect dependence).  The May 1st snow depth was then converted into a 
proxy for May 15th snow disappearance by applying a threshold of 13 cm – a procedure they 
refer to as “cross-walking”.  All subsequent calculations of theirs were done using the May 15th 
snow cover proxy.   The VIC model runs were documented in Littell et al. (2011) and were based 
on meteorological inputs from Elsner et al. (2010). The present study uses the Distributed 
Hydrology Soil Vegetation (DHSVM) model, which was developed by the same group at the 
University of Washington for fine-scale simulations, and shares many model components with 
the VIC model.  The primary output of DHSVM is snow water equivalent (SWE).  We 
investigate several thresholds for converting SWE to “snow cover”.  Conversion of SWE to 
snow depth is done using empirically derived conversion factor relevant to late Spring.   
 
To generate future climate scenarios, Littell (on which McKelvey results are based)  used the 
“delta method” (described later in Section 5) for the projected changes in climate compared to 
present day. This study also uses the “delta method,” applied in a similar manner.  The 
McKelvey study used a range of temperature change to select GCMs representing the range or 
spread of future scenarios. As shown below in Section 5.10 and Figure 5.7, their chosen future 
scenarios reflect a range of precipitation in GLAC, but in ROMO, the three scenarios have 
similar precipitation changes. This project selected a larger number of future scenarios selected 
based on changes in both temperature and precipitation, to be consistent with recommended 
strategies for incorporation of uncertainties into the assessment of impacts and developing 
adaptation strategies (e.g. Fisichelli et al, 2016 a,b, see Section 5-8). 
 
Analysis metrics, including the time frames of the projections differ somewhat between the two 
studies.   The McKelvey study calculated a metric for a historic period (1915-2005 average) and 
two futures, 30-year averages around “2045” and” 2085.” This study focused on a 30-year period 
around mid-century, “2055” to focus on FWS’ time horizons for the wolverine and due to time 
and computational constraints given the project budget. We also reproduce a single future 
scenario using one of the Littell (2011) “2080’s scenarios for direct comparison. Calculations for 
a later period using the CMIP5 climate models (e.g. ~2100) could easily be made, but were 
beyond the scope of this project. We provide analysis for two thresholds of snow amount, a 
“light” snow cover (13mm of snow water equivalent [SWE]), and significant, or “heavy” snow 
cover (equivalent to 0.5 m of snow depth). Because McKelvey only had access to May 1st snow 
depth simulation from Littell (2011), they chose to use a 13 cm snow depth on May1st as a proxy 
for snow disappearance by May 15th. We instead chose to use a much lighter threshold of snow 
on May 15th itself. Note that SWE is a measure of the water content in the snowpack; to estimate 
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depth, a density of the snow must be assumed, i.e. an approximation of whether the snow is 
heavy or light. Our threshold of 13mm SWE was originally chosen to be comparable to 
McKelvey’s snow depth. Our assumptions are discussed further in Sec. 5.6.  
 
An important difference between this study and prior work by Copeland et al. (2010) and 
McKelvey et al. (2011) is the spatial scale of results. McKelvey and Copeland both presented 
results on a regular 1/16 degree latitude-longitude grid, in which each cell, or gridbox is ~5-7 km 
on a side. These cells were assumed to be flat in the model-- that is they do not incorporate slope 
or aspect information in their surface energy balance. The result of this is north-facing slopes are 
treated identically to south-facing slopes. Our study uses the Distributed Hydrology Soil 
Vegetation Model (DHSVM) originally developed by Wigmosta et al. (1994)1 for simulating the 
snowpack at 250m x 250m resolution that incorporates other physical drivers of snowpack (a 
complete energy balance at the surface, a 2-layer snow model, and a 2-layer vegetation canopy 
model) and allows analysis of snow at different slopes and aspects (slope directions). The VIC 
modeling included the option for elevational snow bands within the VIC grid (Jeremy Littell, 
pers. comm.) but the snow band information was not explicitly used. Therefore, sub-grid scale 
elevational effects are implicit and approximate in the VIC model whereas it is explicitly 
modeled at the 250m-scale in DHSVM. A visual comparison of the gridbox sizes is shown  in 
Figure 2-3, for further description of the terminology used to describe spatial resolution, see 
“resolution” in the Glossary. 
 
It should be noted there are tradeoffs between our strategies and the methods of Copeland and 
McKelvey. The finer scale analysis presented in this report integrates slope and aspect with 
respect to snow accumulation and retention that are thought to be important for maintaining 
snow refugia for denning sites (see Fig 2 in McKelvey et al 2011). The disadvantage of this 
improvement in spatial resolution is we were only able to analyze two study areas due to time 
and computational constraints. The Copeland and McKelvey projects analyzed a much larger 
domain, including most of the wolverine range in the continental US, but does not provide 
detailed analysis of any habitat area. 
 
  

                                                 
1 The most up-to-date documentation of the DHSVM model, including changes to the model 
subsequent to the original reference, is available from the following website: 
http://www.hydro.washington.edu/Lettenmaier/Models/DHSVM/documentation.shtml) 
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3 Observed Climate and Variability  
 
Key Points: 
 

• Both study areas show upward trends in both temperature and freezing level. 
• Surface Air Temperature and Atmospheric freezing level are related, with a stronger 

relationship in ROMO (that is, a greater change in freezing level for a given surface air 
temperature change)  

• Representative years chosen for GLAC: 2011 (wet), 2005 (dry), 2009 (near normal). 
• Representative years chosen for ROMO: 2011 (wet), 2002 (dry), 2007 (near normal). 

 

3.1 Introduction 
 
This section presents a historical analysis of the winter and spring climate variability for the two 
study regions, GLAC and ROMO, in order to provide context for future changes. This section 
includes a discussion of trends in temperature and freezing level; historical variability in cool 
season (October – May) temperature and precipitation for the study areas, choice of 
representative years during the simulation period for cool/wet, warm/dry, and near normal 
conditions for the two areas; and a ranking of the representative years in a longer climate record.  
A complete description of regional climate is beyond the scope of this project, but may be found 
in e.g. McWethy et al (2010), Garfin et al (2014), Lukas et al (2014), Shafer et al (2014), and 
citations therein. 
 

3.2 Background Material: Trends in Surface Temperature and Freezing Level in the 
Study Areas 

 
Temperature strongly influences hydrologic processes such as snowpack accumulation, and 
timing of snowmelt. Here we present some background material on observed trends in surface air 
temperature and on the freezing level in the atmosphere, and how these two quantities are 
related.    
 
Both the Glacier and Rocky Mountain areas show a trend of increasing surface air temperature in 
the winter season (October-May, Figure 3-1), consistent with trends that have been observed 
west-wide (Garfin et al 2014; Lukas et al 2014; Shafer et al 2014). While winter season 
temperatures vary inter-annually, linear regression of these data (not shown) indicates about a 
1.4 oC increase in temperature from 1948-2015 for an area around Glacier, and about a 1.2 oC 
increase around Rocky Mountain National Park.  
 
Atmospheric freezing level height (FLH) represents the altitude in the free atmosphere (that is, 
away from the surface and its immediate influence) where the temperature is 0 °C. Above this 
level, the temperature of the air is typically below freezing. Freezing in the free atmosphere is 
indicative of the level above which precipitation falls as snow rather than rain. Freezing level 
height can have a strong influence on freeze-thaw processes in high-elevation regions (Bradley et 
al 2009). As with winter season temperatures, freezing level varies over time (Figures 3-2, 3-3), 
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but linear regression (not shown) indicates about a 160m increase in the freezing level for 
Glacier (Fig 3-2), and about a 170 m increase in the freezing level for Rocky Mountain (Fig 3-3). 
 
Figure 3-4 illustrates a strong relationship between freezing levels and surface air temperature 
change for both regions in October-May with explained variance (R2) close to 0.8. For GLAC (3-
1, left), a 1oC anomaly in temperature equates to about a 115 m increase in the freezing level, 
over the period. For ROMO, for 1oC increase in temperature there has been about a 180 m 
increase in the freezing level (3-1, right).  If these historical relationships hold in the future, the 
larger change in freezing level for the ROMO study area could indicate a greater sensitivity of 
snow covered area to rising temperatures.   
 

3.3 Exploring Weather Variability through the Choice of Representative Years for 
Detailed Analysis  

 
One of the primary study goals is to extend the analysis to include the effects of climate change 
on extreme years – both for years with high- and low- spring snowpack. This is in contrast to 
McKelvey et al (2011) who studied only the effect of climate change on the long-term average 
snowpack.  Our historical snowpack analysis (Section 4) was performed for the entire period 
2000-2013 and the hydrologic modeling (Section 5) for 1998-2013, and for the counterparts for 
these years under various climate change scenarios.   To capture the weather variability within 
these periods we focus some of our analysis in Sections 4 and 5 on a representative wet, dry, and 
near normal year for each study area.   Nonetheless, results from all years were computed.  
 
Table 3-1: Historical Percentiles of precipitation and temperature for the representative dry, 
near normal, and wet years for GLAC and ROMO study areas.  

 
 
 
To drive our choice of representative years, we investigated historical cold-season (October-
May) temperature and precipitation anomalies and MODIS-based snow covered area for 2000-
2013.   Years were chosen within that range to represent a cool/wet year with high spring 
snowpack, a “near normal” year, and a “dry” year with low snowpack.  Figure 3-5 shows 
scatterplots of the anomalous precipitation (as % of average) and temperature (degrees Celsius) 
for each year of the primary study period (2000-2013) for the two study areas.  For both study 
areas, the 2011 winter stands out as a particularly large (cool/wet) anomaly.    
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The choice a dry year for GLAC points to 2005. Examination of the time series of Snow Covered 
Area (SCA) derived from the MODIS satellite product (Figure 3-6) corroborates this choice.  For 
ROMO the hot/dry year 2012 with exceptionally low snow cover was first chosen.  However 
modeling difficulties encountered in the model validation procedure described in section 5.4.2 
led to the need to find an alternative “dry” year for ROMO.   The scatter plot in Figure 3-5 
indicates that 2004 or 2002 might both be good alternatives, and both of these years had 
adequate modeling success.   Because 2002 had lower Spring snow cover (figure 3-6), and 
because it was a widely agreed upon drought year in Colorado, we chose to use 2002 as the 
representative “dry” year for ROMO.    
 
For the choice of near-normal year, 2007 is indicated for ROMO, as that is closest to the center 
of the scatterplot in Figure 3-5.  A number of choices would seem plausible for GLAC, however 
as no one year stands out as “most normal.”  To further guide our choices of representative years, 
we looked at the elevation profiles of SCA for the various years, and 2009 was chosen. We show 
the SCA as a function of elevation within the study areas (Figure 3-6cd) for the representative 
years. These plots indicate that the elevation profile of observed snow cover in our chosen near-
normal years closely follow the median profile for 2000-2013.  
 

3.4 The Study Period in the Longer Climate Record 
 
Because the study period is 14 years long, the question arises as to how “extreme” the wet and 
dry years are in the longer climatological record.  To address this we analyze how often the 
temperature and precipitation anomalies for the study years are likely to occur in the longer 
(1950-2013) climatological record by computing their percentiles.  Percentiles were calculated 
by ranking the data and using the following formula: percentile = (rank – 0.5)/(total number of 
years). Note that the exact rankings and percentiles may differ based on the underlying dataset 
and interpolation methods used, as the study areas have relatively few observing stations. 
However, percentiles calculated from the PRISM dataset (not shown) yield qualitatively similar 
results to those found below. 
 
The percentiles of October – May precipitation and temperature averaged over the study areas 
are shown for the representative wet, near normal and dry in Table 3-1 for both study areas. The 
percentiles are calculated based on the 63 total years in the 1951-2013 period of the Livneh 
(2014) dataset. For GLAC, October – May 2011 was at the 98th percentile of precipitation and 
the 6th percentile of temperature, while 2005 was at the 6th percentile of precipitation and 83rd 
percentile of temperature. For ROMO, 2011 was in the 96th percentile of October – May 
precipitation, but only the 36th percentile of temperature, and while anomalously cold was not 
extreme in temperature. 2002 was in the 4th percentile of precipitation, but only near the median 
in temperature.  
 
For further reference, Tables 3-2 (GLAC) and 3-3 (ROMO) show the percentiles of precipitation 
and temperature for the entire study period, 2000-2013, as well as the percentiles for the April – 
June melt season. Even though the low precipitation was more extreme in 2002 than in 2012, the 
temperature was not. This is reflected in the MODIS spring snowcover (Figure 3-6), where 2002 
was low, but not as nearly extreme as in 2012.  
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Table 3-2: Percentile of temperature and precipitation anomalies for GLAC study area based 
on the 1951-2013 period. Percentiles are shown for both the October – May cold season and 
for the April – June melt season.  
  

 
 
Table 3-3: Percentile of temperature and precipitation anomalies for ROMO study area based 
on the 1951-2013 period. Percentiles are shown for both the October – May cold season and 
for the April – June melt season.  
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4 MODIS Observed Historic Snowpack Variability Analysis 
 
Key points  
 

• In GLAC, even in dry years, NE-facing slopes tend to hold more snow and melt later in 
the season. There is > 80% snow cover above ~2000 m elevation on May 1 during dry 
years, and > 95% snow cover above ~1200 m during wet years. Snow conditions on June 
1 during wet years resemble those for May 1 during near-normal years. 

• In ROMO, NW-facing slopes tend to hold more snow even during dry years. In very dry 
years, snow cover peaks at intermediate elevations, suggesting that the high-altitude 
snowpack may be particularly vulnerable in this region under warm/dry conditions. 

4.1 Introduction 
 
In this section we perform an analysis of the variability of snow cover in the historical period 
2000-2016 using gridded snow cover data acquired by the Moderate Resolution Imaging 
Spectroradiometer (MODIS) on board the Terra satellite.  The dataset and methodology of 
analysis is first described.  The analysis for the GLAC and ROMO study areas are then presented 
in separate sections, repeating descriptions to make the material self-contained for the reader 
who may read about only one area. Each section consists of analysis of the following: a) total 
snow covered area (SCA), b) SCA fractional area as a function of eight compass directions of 
slope aspect (octants), and c) elevation dependence. 
 

4.2 Dataset and Methods 

4.2.1 Data sub-setting and re-projection 
 
We downloaded selected MODIS/Terra daily snow cover data on a 500m grid from the recently 
released version 6 (MOD10A1.006) (Hall and Riggs, 2016). All data from geographic tiles 
h09v04 (ROMO) and h10v04 (GLAC) were downloaded for days between March 1 and July 1 
for all years from 2000 to 2016.  
 
The data are available in daily files, one for each tile, and georeferenced to an equal-area 
sinusoidal projection. Each tile covers 10° x 10° at the equator or approximately 1200 km by 
1200 km, with a nominal pixel resolution of 500 m (actual resolution 463.313 m). To bring the 
data to the same grid as used in the hydrologic modeling necessitated re-projection of the data 
onto a Universal Transverse Mercator Grid. We used the MODIS Reprojection Tool 
(https://lpdaac.usgs.gov/tools/modis_reprojection_tool) to subset the daily tiles to the areas of 
interest and re-project the subsetted areas to UTM grids with a pixel resolution of 250 m using 
nearest-neighbor resampling. The ROMO study area perimeter falls at the corner of tile h09v04, 
and extends slightly beyond the tile boundaries at its southern tip. We excluded this extension of 
the study from our analysis. Parameters for the MODIS data reprojection are provided in Table 
S4-1.  
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4.2.2 Converting Normalized Difference Snow Index to Binary (yes/no) Snow Cover 
 
To better align our analysis with that in Copeland and McKelvey’s work we wanted to use a 
daily binary (yes/no) snow cover value.  However, one main obstacle had to be overcome -- 
snow cover was characterized differently in the versions of the MODIS data that Copeland used 
and in the current version.   The prior work by McKelvey and Copeland both used Collection 4 
of the MODIS data which provided them with a binary snow cover classification for each pixel 
on each day (clouds permitting). Collection 4 data are only available for the years 2000-2007, 
necessitating the use of the more recent MODIS Collection 6 products for the present study.  
However, Collection 6 does not include a binary daily snow cover product. Instead, snow cover 
is identified using the Normalized Difference Snow Index (NDSI).  
 
NDSI is reported as a ratio, with values ranging from 0.00 to 1.00 (scaled and reported as 0 to 
100 in the data files). The NASA guidance on conversion was not definitive: “If a user wants to 
make a binary SCA [Snow Covered Area]  from the C6 [Collection 6] product they can set their 
own NDSI threshold for snow using the NDSI_Snow_Cover or the NDSI data or a combination 
of those data.”  (NASA, 2016).  In lieu of  a prescription, we chose to follow the procedure used 
by NASA to produce the 8-day composite snowcover product; we applied a threshold of NDSI > 
0.1 to the daily MODIS NDSI values to indicate the presence of snow in a pixel on a given day.  

4.2.3 Snow disappearance date and snow cover on a given date 
 
As in Copeland et al (2010), we calculate a snow disappearance date for each year at each pixel. 
We define the Snow Disappearance Date (SDD) as the first day after March 1 in which 
NDSI/100 was less or equal to 0.1 (Cite NASA). The SDD is denoted by the Day of Year value, 
in which January 1 is 1, February 1 is 32, March 1 is 60 (or 61 in leap years), etc. Once SDD was 
defined at each grid point for each year (resulting in 17 annual maps of SDD for the period of 
record), we were able to derive snow cover maps for any given date. For example, snow cover on 
May 1 was inferred by marking grid points as “snow-covered” if their SDD was equal or greater 
than 121 (or 122 for leap years). We repeated the process to infer snow cover maps for May 15 
and June 1. This indirect method to infer snow cover allowed us to circumvent the reality of 
several missing data points due to cloud cover, and offered a conservative estimate of snow 
disappearance.  

4.2.4 Snow cover by elevation and aspect  
A 250-m digital elevation model (DEM) was created using bilinear interpolation from the 
National Elevation Dataset (NED)10-m DEM products (USGS, 2009). Using this we obtained 
grids for elevation and aspect octants in both study regions. We reclassified the elevation values 
into 200 m bins. The elevation bins range from 1000 to 3000 m in GLAC and 2600 to 4200 m in 
ROMO. Both the slope magnitude and the aspect of the slope (that is the compass direction that 
the slope faces) were analyzed using functionality in the open source Quantum GIS software. We 
reclassified the aspect grids into eight 45°-wide directional bins (hereafter, octants) centered on 
the points of the compass. In both types of analyses (elevation and aspect), we computed snow 
covered area (SCA) on May1, May15, and June1, in terms of the total area in square kilometers 
and also in terms of the percentage of snow covered area in several elevation bands and aspect 
octants.  
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4.3 MODIS analysis for GLAC 
This section presents some summary statistics of snow cover, including total snow covered area, 
and number of years during the period of study with snow cover on a given date. MODIS snow 
cover data was analyzed for March1 – July1 for all years 2000-2016.  For more in depth analysis 
including aspect and elevation-based analyses the report focuses on the representative years 
defined in Section 3: 2011 (“wet”), 2009 (“near normal”), and 2005 (“dry”).  
 
 

4.3.1 Total Snow Covered Area 
Total snow covered area was the primary metric that was analyzed in McKelvey et al (2011) and 
provides an overall summary of availability of snow. Figure 4-1 presents maps of May 15 snow 
cover for the GLAC study area and vicinity from MODIS. These maps clearly depict the regional 
character of the year-to-year variations in snowcover. Figure 4-2 shows the total snow covered 
area within the study area polygon, which is depicted in red on the previous figure. The year-to-
year variations are shown for snowcover on three different dates during the melt season. The 
behavior in individual year varies considerably, including “wet” years such as 2011 with very 
persistent snow, years with strong melt in early May, such as 2012, or in late May (2009, 2001), 
and “dry” years (2004, 2005). The period of the modeling study in Section 5 ends in 2013 due to 
dataset limitations, but it is worth noting that the last two years of the MODIS record, 2015 and 
2016 show low snowcover. Both these years had near-normal precipitation, but had anomalously 
warm temperatures. These years would be good candidates for future analysis.   
 
To summarize all 17 years of the record, Figure 4-3 presents maps of the number of years with 
snow cover on May 1, May 15, and June 1. These are similar to the analysis done by the 
Copeland and McKelvey studies. The primary difference is in the use of the newer MODIS 
products and the extension of the analysis from seven to seventeen years.  
 
Figure 4-4 quantifies the maps in Figure 4-3, showing the area within the GLAC study area 
polygon with different numbers of years of snow cover. The three colored bars designate 
different days of the year. Because the study areas were chosen to be in the vicinity of tree line, it 
is no surprise that in the present climate there are large areas that see snow every year on May 
1st.  

4.3.2 Aspect Dependence of Snowpack: Total Area 
One of the primary goals of this study is to investigate topographic factors that influence the 
persistence of snow during the melt season. One such factor is the “slope aspect” or simply 
“aspect” – the compass direction that the slope faces. Figure 4-5 presents the dependence of total 
snow covered area (km2) on aspect for each of the 17 years in the MODIS dataset, for May 1, 
May 15, and June 1. The shape of the curves for individual years is strongly determined by the 
topography of the region, with more land area located in the northwest and southeast octants. 
Upon closer inspection, other features become apparent. Comparing the SW and NE octants we 
see that there is greater year-to-year variability in the SW, indicating a greater sensitivity of SW-
facing slopes to variations in the historical climate. Two representative years, 2011 and 2005, 
illustrate the progression of total snow covered area from May 1 to June 1 (Figure 4-6). In the 
dry year, 2005, snow cover declines faster on S, SW, and W slopes, as one would expect; this 
analysis quantifies the magnitude of this effect.  
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4.3.3 Aspect Dependence of Snowpack: Fractional area 
The total land area within each aspect octant varies due to the orientation of ridges and valleys in 
the study area. As a result, the analysis of total snow covered area is dominated by the 
topography itself. To focus on the relative importance of the snow processes related to aspect, 
we calculated the fraction of the total land area within each octant that is snow covered for each 
of the 17 years in the historical record, while in Figure 4-8 we focus on the representative wet 
and dry years. For example, in Figure 4-7, the asymmetric shape clearly shows that in GLAC, the 
NE directions ranging from E to N have much larger fractional area covered by snow. Even in 
dry years, over 60 % of the NE facing slopes are snow-covered on May 15th.  

4.3.4 Elevation Dependence 
Figure 4-9 shows the elevation dependence of MODIS snow cover for the wet, near-normal and 
dry years, with the median of all years as reference. The results are shown as a percentage of the 
total area within each 200-meter elevation band within the study area boundaries.  

4.4 MODIS analysis for ROMO 
MODIS snow cover data was analyzed for March1 – July 1 for the years 2000-2016. Data for all 
years was analyzed. We present here some summary statistics of snow cover, including total 
snow covered area, and number of years during the period of study with snow cover on a given 
date. For more in depth analysis including aspect and elevation-based analyses the report focuses 
on the representative years defined in Section 3: 2011 (“wet”), 2007 (“near normal”), and 2012 
(“dry”).  
 

4.4.1 Total Snow Covered Area 
Total snow covered area was the primary metric that was analyzed in McKelvey et al (2011) and 
provides an overall summary of availability of snow. Figure 4-10 presents maps of May 15 snow 
cover for the ROMO study area and vicinity from MODIS. These maps clearly depict the 
regional character of the year-to-year variations in snowcover. Figure 4-11 shows the total snow 
covered area within the study area polygon, which is depicted in red on the previous figure. The 
year-to-year variations are shown for snowcover on three different dates during the melt season. 
The behavior in individual year varies considerably, including “wet” years such as 2011 with 
very persistent snow, years with strong melt in early May, such as 2004, or in late May (2001, 
2013), and “dry” years (2002, 2012).  
 
To summarize all 17 years of the record, Figure 4-12 presents maps of the number of years with 
snow cover on May 1, May 15, and June 1. These are similar to the analysis done by Copeland 
and McKelvey studies. The primary difference is in the use of the newer MODIS products and 
the extension of the analysis from seven to seventeen years.  
 
Figure 4-13 quantifies the maps shown in Figure 4-12, showing the area within the GLAC study 
area polygon with different numbers of years of snow cover. The three colored bars designate 
different days of the year. Because the study areas were chosen to be in the vicinity of tree line, it 
is no surprise that in the present climate there are large areas that see snow every year on May 1.  
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4.4.2 Slope Aspect Dependence of Snowpack: Total Area 
One of the primary goals of this study is to investigate topographic factors the influence the 
persistence of snow during the melt season. One such factor is the “slope aspect” or simply 
“aspect” – the compass direction that the slope faces. Figure 4-14 presents the dependence of 
total snow covered area (km2) on aspect for each of the 17 years in the MODIS dataset for May 
1, May 15, and June 1. The shape of the curves for individual years is strongly determined by the 
topography of the region, with less land area available in the NW octant, and more in the NE. 
Compared to GLAC, the ROMO study area shows more year-to-year variation in the shape of 
the curves, likely indicating stronger meteorological controls on the directionality of the 
snowpack compared to the topographic control seen in GLAC. Comparing the SW and NE 
octants we see that there is greater year-to-year variability in the SW, indicating a greater 
sensitivity of SW-facing slopes to variations in the historical climate. Two representative years, 
2002 and 2011, illustrate the progression of total snow covered area from May 1 to June 1 
(Figure 4-15).The dry year, 2002, shows that snow cover starts out lower on May1 and declines 
faster on SE, S and SW slopes.  The year 2012 is also shown and exhibits similar behavior to 
2002 but with less overall magnitude.   

4.4.3 Slope Aspect Dependence of Snowpack: Fractional Area 
The total land area within each aspect octant varies due to the orientation of ridges and valleys in 
the study area. As a result, the analysis of total snow covered area is dominated by the 
topography itself. To focus on the relative importance of the snow processes related to aspect, 
Figure 4-16 presents an analysis of the fraction of the total land area within each directional 
“bin” that is snow covered. The asymmetric shape shows that the NW-facing slopes have larger 
fractional area covered by snow. With the exception of 2012, even in dry years over 60 % of the 
NW facing slopes are snow-covered on May 15th. Figure 4-17 indicates that for the dry year 
2012, snow cover was retained preferentially on NW-facing slopes.  

4.4.4 Elevation Dependence 
Figure 4-18 shows the elevation dependence of MODIS snow cover for the wet, near-normal and 
dry years, with the median of all years as reference. The results are shown as a percentage of the 
total elevation within each 200-meter elevation band within the study area boundaries. The 
ROMO area shows that the dry year, 2002 (as well as the other very dry year during the period, 
2012), was significantly different from the other two, with a fractional area declining with 
altitude above 3400m. This may indicate that the meteorology in this region interacts differently 
with the topography in extremely dry years than in wetter years. The high-altitude snowpack 
may be particularly vulnerable in this region if conditions like those in 2002 recur.  
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5 Future Snowpack Projections: DHSVM Modeling 
 
Key Points - Methods 

• We conducted this analyses to…………. 
• The Distributed Hydrology Soil Vegetation (DHSVM) model was run for the historic 

period 1998-2013  and validated against available SNOTEL observing stations. The 
spatial patterns of snow were validated against MODIS satellite remotely sensed snow 
cover.  

• Five scenarios of the future – a thirty year period centered on 2055 -- were selected from 
CMIP5 global climate model (GCM) projections based on a moderate (RCP 4.5) and high 
(RCP 8.5) emissions scenarios. These were chosen to represent a large fraction of the 
range of the CMIP5 ensemble projections in each study area in terms of precipitation and 
temperature changes. The scenarios differ somewhat between the two study areas to 
better represent the range of climate projections in each area.  

• The selected GCM projections were downscaled using the “delta method” which applies 
change factors from the climate models to the historic temperature and precipitation that 
are used as inputs to the DHSVM model.  

• Analysis is presented for light snow cover (Snow Water Equivalent > 13mm) for 
comparison with MODIS and McKelvey, and for 0.5 m of snow depth.  

• To capture climate variability, Wet, Near Normal, and Dry representative case study 
years are shown for the historical simulations and how each of these years plays out 
under these five future scenarios. 

 
Key Points – GLAC study area. 
 

• Snow Covered Area in GLAC and area with snow depth greater than 0.5 meters on May 
15 declines on average in all scenarios on average and for almost all years. 

• On average, projections for the May 15 snowpack in the GLAC study area show a 12-42 
percent decline in snow covered area, and a 15-68 percent decline in area with snow 
depth > 0.5 meters for the scenarios considered.  

o This resulted in X to X km2 in snow covered areas with > 0.5 meter snow cover  
• All projections show declines in the number of years with significant snow. The areas 

with frequent (14-16 years) availability of significant snow become concentrated in 
smaller high elevation areas.  

• For wet years, the high elevations of the study areas result in little loss of snowpack 
under most scenarios of change. 

• For GLAC the Warm/Wet scenario shows the least change compared to the historic snow 
cover in terms of the area of significant (0.5 meter) snowpack.  Under the Hot/Wet 
scenario, the May 1st significant snowpack diminishes to below the level of the historic 
June 1 snowpack. 

Key Points – ROMO study area. 
 

• Snow Covered Area in ROMO (13mm threshold on May 15) declines on average in all 
scenarios on average and for almost all years. 
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• On average, projections for the May 15 snowpack in the ROMO study area show a 12-52 
percent decline in snow covered area, and a 7-64 percent decline in area with snow depth 
> 0.5 meters for the scenarios considered.  

o  This resulted in X to X km2 in snow covered areas with > 0.5 meter snow cover  
• Snow Covered Area in ROMO (0.5 m threshold on May 15) generally declines in wet 

years, but may increase in dry years in those scenarios with increased precipitation.  
• Scenarios with increased precipitation may show increases in May 15 snowpack at the 

higher elevations in both study areas, but decreases in snowpack at lower elevations. This 
can lead to an increase in the area of > 0.5 meters of snow for dry years. 

• ROMO exhibited more uncertainty in projections than GLAC 
o The beneficial effect of increased precipitation on snowpack is more prominent 

earlier in the Spring. In the Warm/Wet scenario, the area of significant snow on 
May1 increases on average, though it decreases on May 15.  

o For wet years, the high elevations of the study areas result in only modest loss of 
snow cover in the under all scenarios of change. However even in wet years, the 
area of significant snowpack can decline by almost 50% for the Hot/Dry climate 
change scenario. 

 

5.1 Introduction 
 
In this section we describe the hydrologic model along with various modeling assumptions, 
validation of the model, the choice of risk-spanning future climate scenarios, and present results 
of historical and projected snowpack for the two study areas.  
 
To determine the projected effects of a changing climate on snowpack we ran a physically-based 
hydrology model. The physical basis of the model – using a full energy and water balance of the 
snowpack rather than a simple temperature-index model -- is critical to evaluate change in a non-
stationary climate. While ambient temperature is a critical factor in whether precipitation falls as 
rain or snow, the subsequent evolution of the snowpack, and in particular the melt season, is 
driven primarily by the energy balance at the surface. The energy balance is the result of several 
processes, including solar and longwave radiation, sensible and latent heat fluxes, and heat flux 
into the ground, as well as storage of heat in the snowpack. Therefore, including a realistic 
energy balance helps to understand how the perturbations to climate will affect the snowpack.  
 

5.2  Model Description 
 
The Distributed Hydrology Soil Vegetation Model (DHSVM) provides a physically-based 
simulation of land surface hydrology, including snowpack. The physical processes include a full 
surface water and energy balance model, a 2-layer canopy model, a multi-layer soil model, a 2-
layer snowpack model (Wigmosta et al. 1994). It has been used in many studies that have 
provided realistic hydrologic simulations in topographically complex areas (e.g. Livneh et al. 
2015). The model has explicit treatment of topographic slope, and aspect (the compass direction 
that the slope faces).  
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The model was selected for developing snowpack projections because it can be run at a fine 
spatial scale (250 m x 250m pixels) yet is able to be run over extensive domains. There are both 
finer-scale snow models, for which it would have been impractical to simulate such a large 
domain, and coarser-scale models, such as the 1/16 degree grid of the VIC model that the 
McKelvey study used (see section 2.3). Coarser-scale models do not explicitly model the effects 
of slope and aspect, which is one of the primary goals of this study. Both DHSVM and VIC were 
primarily developed at the University of Washington, and are available as open-source 
community models. The two models share many components in common, including similar snow 
and canopy models. As such it supports the project goal of building on McKelvey study by 
modelling at a finer scale and treating slope and aspect explicitly.  
 
The model was set up for both study domains on a 250m grid in Universal Transverse Mercator 
(UTM) coordinates within the modeling domain defined within the polygons shown in Section 2. 
Soil properties and vegetation type as well as a digital elevation model (DEM) were adapted to 
the model grid. A soil hydraulic routing network was also determined from the DEM, though in 
this project we do not investigate the runoff. The effect of slope and aspect on incoming solar 
radiation is implemented through a computation of the degree of shading for each 250-m pixel 
that was variable throughout the day and differed from month to month based on the solar angle 
in the sky and from the DEM. The model requires inputs of time-varying meteorological fields 
on sub-daily time scales. Snow water equivalent was output on May 1, May 15, and June 1 for 
every year of the simulation. As noted below, snow depth was estimated using a typical 
snowpack density for late Spring. 
 
More details of the model will be included in the Section 5 Supplementary Material.  
 
 

5.3 Meteorological Inputs 
 

The DHSVM model inputs were derived in a multi-step process. First, values of daily minimum 
temperature, daily maximum temperature, and precipitation were extracted from the Livneh 
(2015) dataset, which has a grid resolution of 1/16th degree in latitude and longitude. These daily 
values were disaggregated in time. Other forcing variables needed by the model, solar radiation, 
downwelling longwave radiation, specific humidity were derived from empirical relationships 
using the MTCLIM algorithms which were evaluated by Livneh et al. (2014) finding small 
overall biases. The Livneh et al (2015) data was then interpolated to the 250m DHSVM grid 
using an inverse-distance weighting algorithm along with assumed lapse rates (elevation 
dependence) in temperature and in precipitation. More details of the Livneh 2015 dataset will be 
included in the Section 5 Supplementary Material.  
 

5.4 DHSVM Historical Validation 
 
The goal of the model validation is to assess the overall magnitude, temporal, and spatial aspects 
of the modeled snowpack in the Spring and how these differ from observational estimates.  
Observational estimate of snow depth or snow water equivalent at the scales that we simulated 
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are not available, leading to uncertainty about the “true” snowpack.   For the overall magnitude 
and temporal aspects of the snow simulation, we compared the historical model simulation to 
point observations at the few available SNOTEL sites, focusing on the duration and melt-out 
date of the snowpack.  The spatial aspect of bias was evaluated by comparing the model output 
to the observed spatial patterns of snow cover obtained from the MODIS analysis (see Section 
4), qualitatively for GLAC and quantitatively for ROMO.  When interpreting the projections, 
future model biases are typically assumed to be similar to historical biases.  With this 
assumption, the calculation of, for example, percentage change is less sensitive to biases and 
uncertainties in the historical simulation.   

5.4.1 Comparison to SNOTEL 
 
The DHSVM historical simulation was compared against the snow data from nine SNOTEL sites 
in the ROMO study area that were in operation during the full time-period of interest, and the 3 
SNOTEL sites in and adjacent to the GLAC study area (Table 5-1). Validation against SNOTEL 
snow data was performed by running the DHSVM model in “point” mode so that it simulated the 
conditions at the SNOTEL locations only. Because the SNOTEL stations are deliberately sited in 
clearings, the canopy was assumed to be open for the validation runs, while the actual 250m grid 
canopy values were used for the production runs. Two metrics were chosen: the meltout day of 
year (defined as the date when SWE fell to less than 1mm), and the duration of snow cover (total 
number of days during the water year (October-September) when SWE > 10cm). Figure 5-1a 
shows the modeled and observed meltout dates for the GLAC and ROMO SNOTEL sites, and 
Figure 5-1b shows the duration of snowpack. One does not expect exact reproduction of the 
snowpack at the SNOTEL sites, but rather a scatter about the 1-to-1 line, which is seen. The 
Copeland Lake, and to some extent the Many Glacier SNOTEL sites are outliers, with the model 
retaining snowpack significantly longer than in observations. Both these sites are at relatively 
low elevations, and are quite sensitive to potential temperature biases in the input data. The 
Livneh (2015) dataset is known to have a cool bias relative to other datasets, which may 
influence these sites disproportionately.  
 
Table 5-1 SNOTEL Sites at Study Areas. Maps with SNOTEL sites are shown in Figs 2-1 and 2-2. 
 

 SNOTEL SITE NAME (Site Number, Abbreviation)  
Glacier Study Area Flattop Mountain (482, flat), Many Glacier (613, many), Pike 

Creek (693, pike) 
Rocky Mountain 
Study Area (used 
for Validation) 

Bear Lake (322, bear), Copeland Lake (412, cope), Joe Wright 
(551, joew), Lake Eldora (564, eldo), Lake Irene (565, iren), 
Niwot (663, niwo), Phantom Valley (688, phan), University 
Camp (838, univ), Willow Park (870, will) 

Rocky Mountain 
Study Area 
(installed after 
1997, not used) 

Never Summer (1031), Wild Basin (1042), Hourglass Lake 
(1122), Long Draw Reservoir (1123), High Lonesome (1187), 
Sawtooth (1251) 

  
 
The year-to-year variations of peak snowpack at the GLAC SNOTEL sites are well captured, as 
illustrated in Figure 5-2 that shows simulated and observed time series of SWE at these stations. 



 

 26 

Figure 5-3 shows selected SNOTEL sites in the ROMO area. As can be seen in Figure 5-2, the 
Copeland Lake site is less well simulated than other sites. We attribute this to being located at a 
lower elevation than other sites, and hence susceptible to small biases in temperature in the 
meteorological inputs. Other sites in ROMO are well simulated.  
 
Based on this evaluation of DHSVM performance, the standard set of model parameters was 
adopted for the GLAC domain without modification.  
 
The question arises of the independence of the SNOTEL data from the Livneh (2015) forcing 
data. The primary observing station data that were used for interpolation by Livneh (2015) did 
not include SNOTEL. However, a monthly adjustment factor was applied to the interpolated 
precipitation to reproduce the 1981-2000 climatology of PRISM. The temperature data in Livneh 
et al (2015) were entirely independent of SNOTEL data. Therefore, we expect that the errors 
revealed at the SNOTEL sites should be representative of errors at other, unobserved sites in the 
domain.  
 

5.4.2 Comparison to MODIS Snow Cover 
The spatial distribution of snow cover was assessed by comparison with MODIS data. Some care 
must be taken to compare observed NDSI, which indicated fractional snow cover, with modeled 
SWE, which does not account for fractional snow cover within a pixel. For this evaluation, a 
threshold to determine “snow covered ground” was chosen for both the MODIS NDSI (0.1) and 
for the DHSVM SWE. Figures 5-4 and 5-5 snow spatial overlays of the DHSVM simulated snow 
cover and the MODIS observed snow cover for the representative “dry” years in ROMO and 
GLAC. In terms of snow cover, dry years were more difficult to simulate than wet years, and the 
spatial agreement is good for these two examples.  
 
However, initial attempts to model ROMO indicated biases in the spatial patterns of snow cover 
compared to MODIS. To overcome model errors at ROMO, an adjustment of two DHSVM snow 
parameters was conducted. The representative values of the physical quantities of these 
parameters can span a fairly large range, and hence an experiment was conducted to evaluate the 
appropriate settings of the model for ROMO based on minimizing differences between simulated 
and MODIS SCA for the historical period, as well as reducing biases with SNOTEL SWE.  
 
The first parameter modified was the snow-surface roughness (SR), which affects the amount of 
turbulent heat fluxes that occur between the snow and the atmosphere, whereby a small number 
corresponds to a smoother snowpack that has less heat exchange with the overlying air, while the 
opposite is true for a large value. The second parameter was the liquid water capacity (LWC) 
that describes the volume of water that the snowpack can hold before water will leach out of the 
snowpack. This parameter is important, since it is common for snow to melt during the day and 
then for liquid water to refreeze at night.  
 
Adjustments were made to SR and LWC within reasonable physical ranges and the DHSVM 
simulated SCA was compared with MODIS via a threat score. The threat score used, referred to 
as the Critical Success Index (CSI) by Zappa (2010), is defined as: 
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𝐶𝐶𝐶𝐶𝐶𝐶 =  
𝑎𝑎

𝑎𝑎 + 𝑏𝑏 + 𝑐𝑐
 

 
Where 𝑎𝑎 indicates a snow-covered pixel in both the simulation and observed data, 𝑏𝑏 indicates a 
snow-covered pixel in the simulation but a bare pixel in the observed (“false positive”), and 𝑐𝑐 is 
a bare pixel for the simulation and a snow-covered pixel shown by the observed data (“false 
negative”). The objective was to maximize the threat score. Approximately ten unique parameter 
settings were tested. Additionally, for each parameter setting the mean bias in meltout day and 
duration of snow cover between DHSVM simulated and SNOTEL SWE was calculated with the 
objective being a minimization of the bias between the two (bias = simulated – observed). The 
final DHSVM settings for ROMO were identified by the parameter values that corresponded 
with a combination of a high threat score and a low bias. The table and figure showing the 
parameter settings and ensuing objective values are included in the supplementary material 
(Figure S5.X). 

 
 

5.5 Determination of Snow Depth from DHSVM model output 
 
DHSVM does not compute snow depth as a separate quantity, but instead returns snow water 
equivalent (SWE). To estimate the snow depth from SWE, a bulk density of the snowpack must 
be assumed. We adopt a density of 0.4 (or equivalently, at 2.5-to-1 ratio of snow depth to SWE, 
further discussion can be found in the Section 5 Supplementary Material) appropriate for the 
May snowpack in the study areas. Several lines of evidence point to the reasonableness of this 
assumption. First, SNOTEL stations where both depth and SWE are measured show similar 
ratios for the two study areas. Second, we investigated the ratio of density from the SNODAS 
(Snow Data Assimilation System) product from the NOAA National Operational Hydrologic 
Remote Sensing Center, which points to a very narrow range around 2.6-2.7 for the ratio. 
Finally, for comparison with the McKelvey et al (2011) work we compared the May 1 Snow 
Depth and SWE products from the Littell et al (2011) hydrologic model runs (obtained 
separately from https://cig.uw.edu/datasets/wus/). These all point to an approximate value 
consistent with a density between 0.35 and 0.4. The results of this study do not depend on a 
precise value for snow density.  

5.6 Choice of thresholds for analysis 
 
While the the McKelvey study analysis was for the presence or absence of snowcover, this 
modeling effort produces results in terms of SWE. This allows greater flexibility in evaluation of 
the depth of the snowpack, but presents a problem in comparison. To compare the model-
generated SWE with both the McKelvey study results and our own MODIS historical snow 
cover analysis we investigated several threshold values of SWE: 1mm, 5mm, 13mm. For the 
purposes of this section we use the 13mm SWE threshold. We also were concerned with 
analyzing the presence of “significant snow” which we defined as 0.5 m of snow depth, or 0.2 m 
of snow water equivalent using our assumed May snow density. The value of 0.5 m was arrived 
at by an analysis of the modeled snow depth at known wolverine denning sites in Glacier 
National Park (Table 5-2). With the exception of one site that had melted out by May 15th, the 
other sites all have snowpack between 0.4 and 1.4 m.  
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Table 5-2: Modeled Snow Depth on May 15 at reported den sites in the Glacier Study Area 
(source: John Guinotte, FWS)  
Den site Date 

observed 
(month-yr) 

Meltout Date 
(MODIS)  

May 15 snow 
depth dhsvm 
(m) 

Notes 

1 Apr-03 5/25/2003 1.036   
2 May-03 5/25/2003 1.045   
3 Apr-04 6/4/2004 0.407   
4 Apr-04 6/29/2004 0.539   
5 May-04 6/29/2004 0.653   
6 Mar-05 6/11/2005 0.531   
7 Apr-05 6/11/2005 0.531   
8 May-05 6/11/2005 0.468   
9 Mar-06 5/25/2006 1.435   
10 Apr-06 5/14/2006 0 meltout occurred before may 15 
11 Apr-06 6/7/2006 1.233   
12 May-06 5/31/2006 0.611   
13 May-06 5/31/2006 0.611 duplicate 

 
 

5.7 Delta Method for Future Scenarios 
 
The advantages and disadvantages of the delta method have been discussed extensively in the 
literature (e.g. Sofaer et al, 2016, for a recent review). The primary advantages of this method are 
its long history of use, its simplicity, and its use of the historical observed weather as the 
baseline. The simplicity allowed for the study to be completed in a short time-frame, while still 
reaching our primary objectives of finer spatial scale and a more complete exploration of future 
climate scenarios. The use of the historical baseline allows us to explore how wet, near normal, 
and dry “representative years” would play out under the different climate futures. However, it is 
important to keep in mind that we are “parameterizing the future variability in terms of the 
historical variability.” This treatment of daily variability also leads to the primary disadvantage 
of the delta method: the assumptions that the changes in extremes follow the changes in the 
means, and that the pattern of daily weather is simply shifted without changing the sequences of 
weather. This aspect is less of a concern for this study, as snow accumulation and ablation are 
cumulative processes, so that the daily sequences of storms is less critical to simulate than the 
monthly and seasonal totals. Another assumption of the delta method is that the large-scale 
changes in temperature and precipitation apply uniformly to the study area. Equivalently we 
assume that change factors in ambient (free-air) temperature and precipitation will not depend on 
the small scale spatial detail. Because we explicitly compute the surface energy balance, we are 
able to simulate surface temperature differences that depend on fine-scale terrain, mitigating to 
some extent this limitation of the delta method.  
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Following McKelvey (2011), we use the “delta method” to downscale the climate model data to 
the 250m modeling grid.  
 
The steps in this method are as follows: 

• Start with historical daily meteorological forcings (inputs to the DSHVM model) for the 
historical baseline period (1998-2013) 

• Run DHSVM with the historical forcings to produce the simulated historical snow and 
hydrology.  

• From climate model output, compute the change in 30-year average temperature for each 
calendar month over the time frame of interest. Do the same for the percent change in 
precipitation 

• Apply these change factors to the historical daily meteorological inputs to DHSVM to 
generate future scenarios of meteorological inputs.  

• Run DHSVM with these new inputs to generate the projected snow and hydrology.  
• Compare the projected snow to the historic DHSVM model simulations to infer changes 

in snowpack.  
• Repeat for a set of change factors from different climate models that adequately sample 

the uncertainty in climate projections.  
 
 
The result of the delta method is a continuous-in-time simulation of the historical period 
(1998-2013), and an equal length simulation of how this sequence of years would play out in 
the future under five different scenarios of climate change. Figure 5-6 illustrates typical 
DHSVM model output using the delta method. Figure 5-6a shows a map of May 15, 2011 Snow 
Water Equivalent for the Glacier Study Area from the historical simulation, while Figure 5-6b 
shows a single projected future for what that year’s SWE would look like under a particular 
scenario of climate change. The future scenario represents a year similar to 2011, that is, a 
relatively wet and cool year in the sequence, however the temperature and precipitation have 
been adjusted to be consistent with the 2041-2070 projected climate from the MIROC climate 
model.  
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5.8 GCM Uncertainty and Scenario Planning Approach 
 
As noted in Section 2, global climate models (GCMs) are our primary tools to examine the 
nature of climate change during the 21st century. There are currently about 20 modeling centers 
worldwide which provided output from their best model(s) to be considered in the Coupled 
Model Inter-comparison Project Phase-5 (CMIP5, Taylor et al., 2012) which informed the latest 
Intergovernmental Panel on Climate Change (IPCC) report (IPCC AR5). Here we quantify 
changes in temperature and precipitation for the two study areas for the 2014-2070 time frame. 
We find a large spread in the extent of warming and changes in precipitation, including both 
increases and decreases in precipitation, as shown in Figure 5-7. The McKelvey study chose 
GCMs based on the range of temperature change (see Sec 2.2, also shown in Figure 5-7). For 
temperature, much of this spread (or uncertainty) is a result of the difference between GCMs 
(e.g., their climate sensitivities), whereas for precipitation it is both the difference between 
GCMs and internal climate variability. Some difference also comes from the choice of future 
greenhouse gases (GHG) emission scenario. However, these differences among mid-21st century 
climate responses are limited compared to later in the century (see a discussion in Ray et al., 
2010).  
 
For more robust planning and climate adaptation, experts recommend incorporation of these 
uncertainties into the assessment of impacts and developing adaptation strategies. The scenario 
planning approach has been one method that has been recommend and promoted by different 
entities and experts (National Park Service, 2013; Rowland et al., 2014; Maier et al., 2016; 
Murphy et al. 2016; Star et al., 2016, Fisichelli et al, 2016 a,b). Therefore, we adopted a strategy 
of selecting multiple divergent future scenarios challenging to the system of interest, following 
that in Fisichelli et al (2016 a, b). 
 

5.9 Climate Projections Evaluation and Scenarios Selection 
 
We compiled output for temperature and precipitation projections for 34 CMIP5 GCMs from the 
Reclamation (2013; http://gdo-dcp.ucllnl.org/) archive of 1-degree Regridded GCM dataset for 
Representative Concentration Pathways (RCP) 4.5 and 8.5, which are respectively the moderate 
and high GHG emissions scenarios --- therefore, a total of 68 GCM projections described in 
Supplementary Material. These data were then analyzed to quantify broad-scale projections for 
the two study regions by 2055 (i.e. a mid-point centered on the 2041-2070 period) – primarily 
changes in the cold season (Oct-May) temperature and precipitation by 2055 relative to the 1986-
2015 period. Figures 5-7 show these changes for Rocky Mountain and Glacier National Parks, 
respectively, which are bounded by rectangular latitude/longitude values. As mentioned earlier, 
we found a large range in temperature increases (1-4 oC) and changes in precipitation (-5% to 
+20%) for these regions by 2055. Table 5-3 shows GCM names, numbers and colors coded in 
later figures, and relative changes in temperature and precipitation. To incorporate the large 
range in climate projections, we worked with the ensemble of 68 CMIP5 temperature & 
precipitation projections, described by the red filled-circles in Figure 5-7, to select five future 
climate scenarios (black circles) that span the different parts of this projection space. Five GCMs 
representing these scenarios were identified for both RMNP and GNP. For each of these GCMs, 
we calculated changes in temperature and precipitation by 2055 for each month of the year, 

http://gdo-dcp.ucllnl.org/
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which we call the “monthly delta”. These monthly deltas were used to perturb the hydrological 
models to simulate snow response in RMNP and GNP by 2055.  
 
Table 5-3. The six future scenarios used (five for each area) with changes in temperature and 
precipitation relative to other scenarios (See also Fig 5-7 for an alternate visualization of these 
changes), and the GCM used as the basis for the deltas for this scenario. More details on the 
GCMs are in the Glossary. 
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Future 
Scenario 
Name and 
#  

Scenario Change in GLAC 
relative to other 
scenarios 

Scenario Change in ROMO relative to 
other scenarios 

Code and 
color for GCM 
used for this 
scenario 

Central 
(#1) 

+~2.2 oC increase in 
temperature (close to 
the ensemble mean) and 
+~5% increase in 
precipitation 

+~2.5 oC increase in temperature 
(close to the ensemble mean) and 
+~8% increase in precipitation 
 

cnrm, red  
 
 

GLAC: 
Hot/ 
Very Wet 
(#2) 

relatively higher increase 
in temperature (+~3.2 C) 
and the highest increase 
in precipitation (+20%) 
for the GLAC scenarios  

N/A canesm, green 
 

ROMO: 
Hot/Dry 
(#2) 

N/A relatively higher temperature increase 
(+~ 3.5 oC) and -~5% decrease in 
precipitation. This scenario results in 
the greatest change (reduction) in 
snow pack and snowcover. 

hadgem, 
green  

Hot/ 
Wet (#3) 

the highest temperature 
increase of the GLAC 
scenarios (+~4.2 oC) and 
+~10% increase in 
precipitation 

the highest temperature increase of 
the ROMO scenarios (+~3.7 oC) and the 
highest increase in precipitation 
(+~18%).  

miroc, purple  
 
 

Warm/ 
Wet (#4) 

relatively lower 
temperature increase 
(+~1 oC) and +~10% 
increase in precipitation 

relatively lower temperature increase 
(+~1.3 oC) and +~7% increase in 
precipitation that appears to partially 
offset the impacts of the temperature 
increase. This scenario results in the 
least change in snow pack and 
snowcover. 

giss, aqua 
 

Warm/ 
Dry (#5) 

relatively lower 
temperature increase 
(+~1.6 oC) and -~5% 
decrease in precipitation 

relatively lower temperature increase 
(+~0.8 oC) and -~5% decrease in 
precipitation 
 

fio, orange 

5.10 Modeling Caveats  
 
Some processes which may be of relevance not represented in the model include wind and 
avalanche re-distribution of snowpack. Snow depth is not explicitly modeled, and must be 
inferred (see below). The meteorological forcing does not take into account cold air pooling or 
how this may change in the future.  Cold air pooling – the anomalously cold air that can collect 
in valley bottoms, particularly in Winter, could also act to prolong the duration of snow cover in 
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those locations. While Curtis et al (2014) identify this as a potential process, they do not 
physically model cold air pooling, but merely include it in their present-day climatology as a 
simple “offset” from their unadjusted data. Nonetheless their work provides a complementary 
approach to the identification of potential snow refugia, though more work would need to be 
done to study the geographic and seasonal aspects for the study areas.  

5.11 GLAC Study Area Results 
 

5.11.1 SWE and Snow Covered Area for representative years 
Figures 5-8 shows DHSVM model simulated snow water equivalent (SWE) on May 15 for the 
wet (2011) representative year. Maps of snow cover derived from SWE by applying a threshold 
of 13 mm are available in the Supplementary material. Results for thresholds of 1 mm and 5 mm 
of SWE were also investigated and show similar patterns. Snow covered area with a “light snow 
cover” threshold was computed primarily for comparison with both the MODIS results from 
Section 4, and with McKelvey. In Figure 5-8, the historical simulation is shown along with three 
of the five future scenarios, chosen to represent the central scenario (cnrm), the greatest change 
in snowpack on average (Hot/Wet (miroc) scenario) and the least change (Warm/Wet (giss) 
scenario). The projected snow maps answer the question “what would the snowpack in a wet 
year like 2011 look like in the 2040’s through 2070’s under these scenarios of climate change.”  
 
Figures 5-9 and 5-10 show SWE for the Near Normal (2009) and Dry (2005) representative 
years. The historical simulation and future scenarios are as in Figure 5-8. Figure 5-11 
summarizes the results for snow covered area in terms of the total snow covered area (km2) 
within the study area polygon. The numerical values of snow covered area for all years in the 
simulation, as well as percent changes for these quantities are shown in Table 5-4. Table 5-4 
indicates that the snowcovered area decreases for all scenarios. On average, the GLAC study 
area exhibits a 12-42 percent decline in snow covered area on May 15 for the scenarios 
considered.  

• Elevation at den graph should be incorporated here instead of an add on section 
later in the report. 

• Comparing the Wet and Dry representative years we see that dry years are more 
vulnerable to climate change in terms of percent loss of snow covered area.  

• For the Wet year, the high elevations of the study area result in little loss of snowpack in 
the study areas under most scenarios of change.  

• However, in Figures 5-10 and 5-11 we notice an anomaly – for the dry year, the Hot/Wet 
scenario does not have the greatest loss of snow covered area. The increase in 
precipitation in this scenario has somewhat compensated for the loss of snowpack due to 
warming.   
 

Commented [GJM9]: We should run this by Steve to see 
what he thinks re displaying maps using SWE vs snow 
depth. Swe is much less understandable to the avg reader 
whereas snow depth is clear. 

Commented [Office10R9]: For the paper we will 
probably have to stick to SWE as much as possible.   Snow 
depth was derived using our empirical formula, which is fine 
for our purposes – denoting areas of a significant amount of 
snow--.   But showing maps it is probably less risky to snow 
them in terms of SWE – that is what snow/hydrologic  
modelers mainly think in terms of anyway as it is more close 



 

 34 

APPENDIX???? 

Ta
bl

e 
5-

4:
 G

LA
C 

Sn
ow

 C
ov

er
ed

 A
re

a 
(1

3m
m

 S
W

E 
th

re
sh

ol
d)

 T
op

: A
re

a 
(k

m
2 ) i

n 
hi

st
or

ic
al

 
an

d 
fiv

e 
fu

tu
re

 sc
en

ar
io

s.
 B

ot
to

m
: p

er
ce

nt
 c

ha
ng

e 
in

 fu
tu

re
 si

m
ul

at
io

ns
 c

om
pa

re
d 

to
 

hi
st

or
ic

al
.  

Av
er

ag
e 

an
d 

M
ed

ia
n 

va
lu

es
 a

lso
 sh

ow
n.

 
 



 

 35 

 

5.11.2 Area and Number of years with 0.5 m Snow Depth  
 
Because of interest in wolverine denning sites, we analyze snow depth > 0.5 m, which we will 
also refer to as “significant snow”  to contrast with the emphasis on light snow in McKelvey et al 
(2011) and in the previous section.   Figure 5-12 shows the area with snow depth > 0.5 m on 
May 15 within the study area for the dry, near normal, and wet years. Because of the higher 
threshold for snow, the effects are somewhat larger than for the light snow threshold. This is 
particularly evident in the dry year, which has a 50% decline on May 15 for four of the future 
scenarios. The numerical values of snow covered area at the > 0.5 m threshold are shown in 
Table 5-5 for all years, as well as percent changes for these quantities. On average, the GLAC 
study area exhibits a 15 – 68 percent decline in the area of snow depth > 0.5 meters for the 
scenarios considered.  
Figure 5-22 here, plus text to accompany the results from this figure. Also include the X to X 
km^2 area that correspond to the 15-68 declines.  
 
Figure 5-13 shows a map of the number of years (out of 16 possible) where each model pixel had 
at least 0.5 m of snow depth on May 15. This number-of-years statistic is analogous to that used 
by the Copeland study, except that there are more years of data, and these maps use a much 
higher threshold of snow. The projections show declines in the number of years with significant 
snow. The areas with frequent (14-16 years) availability of significant snow become 
concentrated in smaller high elevation areas.  
 
The effects of climate change on snow melt have been presented as analogous to a “time 
shifting” of the melt season earlier in the year. For example, McKelvey used the May 31 vs. May 
15 snow covered area as a proxy for a 2-week shift in the melt season. Figure 5-14 contrasts the 
evolution of the snowpack from May 1 to June 1 in the historical simulations (Top Row) with the 
Warm/Wet scenario (Middle Row) and Hot/Wet (Bottom Row) scenarios. We see that the 
Warm/Wet scenario, shows the least change compared to the historic snow cover in terms of the 
availability of significant snow. In contrast, under the Hot/Wet scenario, the May 1st significant 
snowpack has been diminished below the level of the historic June 1 snowpack – greater than a 
month shift.  
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5.12 ROMO Study Area  
On average, the ROMO study area exhibits a 7 – 64 percent decline in the area of snow 
depth > 0.5 meters on May 15 for the scenarios considered. Note that the Warm/Wet 
scenario projects a slight increase in the area of significant snowpack on May 1.  
 

5.12.1 SWE and Snow Covered Area for representative years 
 
Figure 5-15 shows DHSVM model simulated SWE on May 15th for the wet representative year 
(2011). The historical simulation is shown along with three of the five future scenarios, chosen to 
represent the central scenario (cnrm), the greatest change in snowpack on average (Hot/Dry 
(hadgem2) scenario) and the least change (Warm/Wet (giss) scenario). The future scenarios 
answer the question “what would the snowpack in a wet year (like 2011) look like in the 2040’s 
through 2070’s under these scenarios of climate change.” Note that the “greatest snowpack 
change” scenario is different for ROMO than for GLAC. We have included Hot/Dry in the 
choice of scenarios for ROMO because a significant number of climate models project drying 
conditions in ROMO, whereas in GLAC, the vast majority of climate models predict a wetter 
future.  
 
Figures 5-16 and 5-17 shows SWE for the “Near Normal” (2009) and “Dry” (2002) year. One 
can see that in the dry year, the snow cover is already very sparse even in the historical 
simulation.  
 
Figure 5-18 summarizes the results in terms of the total snow covered area (km2) within the 
study area polygon. In this case, the threshold used is 13mm of SWE, representing a light snow 
cover, and comparable to the results in McKelvey. Comparing the Wet and Dry years we see, as 
with GLAC, that dry years are more vulnerable to climate change in terms of percentage of area 
lost. For the Wet year, the high elevations of the study area result in little loss of snowpack in the 
study areas under most scenarios of change. The numerical values of snow covered area for all 
years, as well as percent changes for these quantities are shown in Table 5-7. On average, the 
ROMO study area exhibits a 12-52 percent decline in snow covered area on May 15 for the 
scenarios considered.  
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5.12.2 Area and Number of years with 0.5 m Snow Depth  
 
Because of interest in wolverine denning sites, we analyze snow depth > 0.5 m, which we will 
refer to here as “significant snow.” Figure 5-19 shows the area with snow depth > 0.5 m within 
the study area. Because of the more stringent threshold for snow, the effects are somewhat larger 
than for the light snow cover. The numerical values of snow covered area at the > 0.5 m 
threshold are shown in Table 5-7 for all years, as well as percent changes for these quantities. In 
this table, we note that dry years such as 2002 see increases in snow covered area for the 
Hot/Very Wet and Warm/Wet scenarios. As in GLAC, dry years are somewhat buffered against 
change, and in fact can see increases in high-altitude “significant” snow for scenarios with 
increased precipitation. This is a result of the elevational dependence of snowpack change that 
will be discussed in the next sub-section. On average, the ROMO study area exhibits a 7 – 64 
percent decline in the area of snow depth > 0.5 meters on May 15 for the scenarios 
considered. Note that the Warm/Wet scenario projects a slight increase in the area of 
significant snowpack on May 1.  
 
Figure 5-20 shows a map of the number of years (out of 16 possible) where each model pixel had 
at least 0.5 m of snow depth on May 15th. This summary statistic is analogous to that used by the 
Copeland study, except that there are more years of data, and these maps use a much higher 
threshold of snow. The projections show declines in the number of years with significant snow. 
The areas with frequent (14-16 years) availability of significant snow become concentrated in 
smaller high elevation areas. The Hot/Dry “greatest change” scenario, illustrates that the 
combination of drying and warming leads to very large declines in the persistence of snow.   
 
The effects of climate change on snow melt have been presented as analogous to a “time 
shifting” of the melt season earlier in the year. For example, McKelvey (2011) used the May 31st 
vs. May 15th snow covered area as a proxy for a 2-week shift in the melt season. Figure 5-21 
contrasts the evolution of the snowpack from May 1 to June 1 in the historical simulations (Top 
Row) with the Warm/Wet scenario (giss, Middle Row) and Hot/Dry (hadgem, Bottom Row) 
scenarios [Graphics being re-done].  
 

5.13 Elevation Dependence of Snowpack Change in the DHSVM model 
 
Snowpack accumulation and melt depends critically on temperature and hence on elevation. In 
the Warm/Dry and Hot/Dry scenarios, both the precipitation decrease and the warming act to 
reduce Spring snowpack.  For the scenarios with warming and increased precipitation there are 
two countervailing forces that play out along an elevational gradient. A warmer, wetter future is 
one in which the freezing level and snow line tends to be higher, but with the potential for 
greater snowpack accumulation during the cold season at high elevations. The warming also 
tends to lead to an earlier snowmelt, so that the increased high-elevation snowpack is more 
evident early in the Springtime than later.  
 
Figures 5-22 shows the percent change in May 1st snow covered area (SCA; 0.5 meters depth) 
for GLAC, computed for 200 m elevation bands. The elevation of observed den sites is noted by 
triangles, with den sites ranging from approximately 1500m to 2300 m.  There is little change in 
SCA for 4 of the 5 scenarios above 2200m. As in a mirror image there is greater than  95 % loss 
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of SCA below 1400m for 4 of the 5 scenarios.   Between these two elevations – and in  the 
regions where most observations of dens have been noted – the snowpack change is very 
sensitive to elevation and to the particular future climate scenario.   Figure 5-23 shows the 
elevation dependence of the May 1st snowpack measured in terms of snow water equivalent 
(SWE).  Viewing snowpack in terms of SWE illustrates more clearly that the Hot/Very Wet 
future scenario has a greater snowpack at high elevations despite completely losing its snowpack 
at 100m elevation.  Figure 5-23 also illustrates that SWE can have modest declines without 
affecting the area with significant snow depth.  The implications is that wet, cold climate of the 
GLAC study area can act as a  “buffer” to  change in the area of 0.5 meter deep snow on May 1st, 
at least at high elevations.   
 
Figure 5-24 shown the May 1st SCA (0.5 meter depth) for  ROMO. The high elevation areas 
show a loss of SCA for four of the five future scenarios, which an increase only in the 
Warm/Wet (giss)  scenario. The climate of ROMO is, on average drier than that of GLAC, and 
the regions of the model simulations that have significant snow in most years is restricted to the 
two smaller areas within the domain (Figure 5-21).  As a result the climate does not act to buffer 
change in the area of significant snow on May 1st.    
 
This phenomenon of elevation-dependent snowpack change in the Western US is well supported 
in the literature. Regonda et al. (2005) found little historical change in snowpack in the Western 
United States above approximately 2500m elevation despite observed warming trends. 
Christensen and Lettenmaier (2007) considered VIC hydrology model projections and reported 
as strong elevation dependence for  snowpack loss in the Colorado River basin below 2500 m 
elevation (their data was visualized in Ray et al. 2008).   Two recent studies are of special 
interest because they focus on areas near those considered here.  Sospendra-Alfonso et al (2015), 
on an area near the GLAC study area, find that historically, temperature has been a larger driver 
of April 1st snowpack only below about 1560 m elevation, with precipitation the main driver of 
variability above that elevation.  Scalzitti et al. (2016) investigated a single climate change 
scenario using a high-resolution weather model and  found that the critical elevation below 
which temperature dominates snowpack rises by about 250m in the Colorado Rockies, and rises 
by about 191 m in the Northern Rockies hear the GLAC study area. While it is difficult to these 
results directly to the present study due to differences in methodology, the qualitative picture 
remains – projected warming  has a larger effect at lower elevations whereas projected 
precipitation changes may dominate the Springtime snowpack in the high country.    
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6 Comparing results with McKelvey 
 
An overview of the methodological similarities and differences between this study and 
McKelvey et al (2011) was presented in section 2.2. The differences in aims of these studies 
leads to challenges in making a direct comparison. McKelvey investigated persistence of even a 
snow cover to May 15th as a correlate of wolverine habitat, as noted in Aubry et al (2008). This 
study focuses on high-elevation terrain and on the persistence of deeper snowpack. Nonetheless 
some general statements can be made relating the two studies. Figure 5-24 shows snowcover 
under McKelvey’s historic and “miroc 2080’s” (or hotter) scenario. The GLAC and ROMO 
areas have been outlined. A close examination of this figure shows that snow cover persists in 
our study areas, even for their hotter scenario of change (miroc “2080’s). The greatest loss of 
snow cover in McKelvey occurs at lower elevations than were included in GLAC or ROMO. 
Because of the increased resolution of our study we are able to consider whether any pockets of 
snow with depth greater than 0.5 meters will persist.  
 
The choice of future climate scenarios differs somewhat from McKelvey. We have intentionally 
included scenarios that represent the range of possibilities indicated by the CMIP5 climate 
models. McKelvey used climate model output from Littell, who chose scenarios based solely on 
projected warming. For GLAC, this choice fortuitously included a range of precipitation changes 
as well. For ROMO, however, McKelvey’s scenarios include only a narrow range of 
precipitation change, where we include scenarios with significantly increased wintertime 
precipitation as well as scenarios with drying. This is a significant factor, given the buffering 
effect that increased precipitation has on snowpack loss at high elevations. 
 
While McKelvey focused snowpack projections entirely on the long-term average, we 
investigate how climate variability – the sequences of wet and dry years -- intersects with 
scenarios of change. For ROMO in particular we find that dry years behave differently than wet 
years, with dry years benefitting from the increased precipitation in several of our future 
scenarios. This emphasizes the importance of planning for a range of possible climate scenarios, 
particularly regarding the direction of change in wintertime precipitation.  
 
The question arises as to how the fine-scale projections of snow persistence in other areas might 
reasonably be inferred from the two study areas considered here. Figure 5-24 indicates many 
areas in the western United States that show persistence of snow cover in McKelvey’s scenarios, 
even in the more extreme scenarios. We have investigated two study areas: a northern, relatively 
wet and low-elevation area GLAC, and a southern, relatively dry, and very high elevation area 
(ROMO). In both areas we find general declines in snow covered area under most future 
scenarios. The GLAC study area is broadly similar in its climate to much of the high northern 
Rockies, while ROMO shares features with the high mountain ranges of the Central Rockies.  
For areas in the McKelvey maps that show retention of snow on the higher mountain ranges it is 
physically reasonable to presume that a finer scale simulation would show the retention of areas 
of snow > 0.5 m on May 15th.  Extending this beyond the general area of the Rocky Mountains is 
problematic. Even within the Rockies, in regions where McKelvey’s results show widespread 
loss of snowpack it is probably not reasonable to conclude one way or the other whether a finer 
scale analysis would identify snow refugia.  
 

Commented [GJM11]: Explain this was their worst case. 
AJR – they don’t use use the term “Worst Case” – they just 
use miroc,  We coul say the warm/warmer and hot/hotter 
scenarios, but I’m not comfortable calling them “worst case” 
and definitely not best case. 
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8 Glossary 
 

• Aspect: compass direction that slope faces 
• Baseline period 1916-2000: Deltas (changes) computed (monthly average delta) for 

“2040’s and “2080’s” compared to the 1916-2000 baseline. 
• CanESM: A CMIP5 climate model the Canadian Centre for Climate Modeling and 

Analysis (canesm2.1.rcp85), forced with the RCP 8.5 higher emissions pathway, used in 
this report as a future scenario (Hot/Dry scenario for GLAC only) that has relatively 
higher increase in temperature (+~4.5 C) and about +20% increase in precipitation (See 
Figure 5-7) 

• Climate Sensitivity: Regionally speaking, it is the response of a climate model for a 
given amount of greenhouse gas increase. More narrowly defined it is the global average 
temperature increase that results from a doubling of carbon dioxide over pre-industrial 
values.  

• CMIP3, CMIP5: Coupled Model Intercomparison Project Phases 3 and 5. 
“Foundational” collections of climate model projections, used in the Intergovernmental 
panel on Climate Change (IPCC) 2007 and IPCC 2013 reports, respectively 

• CNRM: A CMIP5 climate model from the French National Centre of Meteorological 
Research (cnrm-cm5.1.rcp85),used in this report as a future scenario (Central scenario for 
both GLAC and ROMO) that is relatively close to the ensemble mean in temperature 
increase (+~2.5 oC) and +~5-8% increase in precipitation (See Figure 5-7). 

• DEM: Digital elevation model 
• DSHVM: Distributed Hydrology Soil Vegetation Model 
• ESM: earth system models, see GCM. 
• FIO: A CMIP5 earth system model from the First Institute of Oceanography, State 

Oceanic Administration of China (fio-esm.1.rcp85), used in this report as a future 
scenario (Warm/Dry scenario for both areas) that is relatively lower in temperature 
increase (+~0.8-1.6 oC) and -~5% decrease in precipitation (See Figure 5-7). 

• FLH: Atmospheric freezing level height is the altitude in the free atmosphere at which 
the temperature is 0 °C 

• GCM: Global Climate Model, 6 were used for this report from the IPCC 2013 class of 
models; X of these are actually earth system models (ESM), an advanced type of GCM 
which have the added capability to explicitly represent biogeochemical processes that 
interact with the physical climate. GCM is used as a general term referring to both kinds 
of models, ESM is used specifically for earth system models. 
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• GISS: A CMIP5 climate model from the NASA Goddard Institute for Space Studies 
(giss-e2-r.1.rcp45), used in this report as a future scenario (Warm/Wet scenario for both 
areas). Referred to as the “Least Change” scenario because it that is relatively lower 
temperature increase (+~1-1.3 oC) and +~7-10% increase in precipitation (See Figure 5-
7). 

• GLAC: An area in Glacier National Park used as a spatial unit of analysis in this report 
• HADGEM: A CMIP5 earth system model from the United Kingdom Meteorological 

Office Hadley Center (hadgem2-es.1.rcp85) used in this report as a future scenario 
(Hot/Very Wet scenario for ROMO only) that has relatively higher temperature increase 
(+~ 3.5 oC) and -~5% decrease in precipitation. 

• Internal climate variability: The variations in the climate, even for 30-year and longer 
averages, that can occur due to the interactions of the atmosphere, ocean, inland surface 
and cryosphere. This occurs even in the absence of anthropogenic climate change.  

• MODIS: Moderate Resolution Imaging Spectroradiometer, a satellite remote sensing 
instrument carried on the Terra satellite 

• MIROC: A CMIP5 earth system model from the Japanese Agency for Marine-Earth 
Science and Technology, Atmosphere and Ocean Research Institute (The University of 
Tokyo), and National Institute for Environmental Studies (miroc-esm-chem.1.rcp85), 
used in this report as a future scenario (Hot/Wet scenario for both areas). Referred to as 
the “Greatest Change” scenario because it has the highest temperature increase of the 
scenarios (+~4 oC) and +~10-18% increase in precipitation (see Figure 5-7). This ESM 
has an atmospheric chemistry (CHEM) component coupled to the MIROC-ESM 
(http://maca.northwestknowledge.net/GCMs.php).  

• NDSI: Normalized Difference Snow Index, a measure of snow cover, has a has a linear 
relationship to fractional snow cover (FSC) 

• North American Freezing Level Tracker: NCEP/NCAR Global Reanalysis 2.5o x 2.5o 
grid data (http://www.wrcc.dri.edu/cwd/products/) 

• Octants: Topographic aspect, or compass direction, was classified into eight directional 
bins, each representing 45° of compass arc, e.g; NW, N, NE, E, SE, S, SW, and W 

• Resolution:  The VIC modeling that was the basis for McKelvey was performed on a 
regular grid in latitude and longitude, with a grid size of 1/16 degree on a side. The 
distance between degrees of longitude varies due to the curvature of the Earth, and the 
east-west dimension of a gridbox is smaller than the north-south distance by a factor of 
the cosine of latitude. At 40°N latitude, the southern extent of Rocky Mountain National 
Park, the gridbox is ~5km by 7 km (~37km2). Grid boxes at Glacier National Park 
(~48°N) are slightly smaller. When referring to the McKelvey study we will use the 
“1/16 degree” notation. The DHSVM modeling used in this study was performed on a 
uniform grid in the Universal Transverse Mercator (UTM) map projection, which allows 
a near-uniform grid size of 250m by 250m (0.0625 km2) in both of the study areas.  

• ROMO: An area in and around Rocky Mountain NP used as a spatial unit of analysis in 
this report 

• SCA: Snow Covered Area (km2) 
• SDD: Snow Disappearance Date, the first Day of Year after March 1 where pixel is 

snow-free, defined as the date which NDSI/100 was less or equal to 0.1. 
• SNODAS: Snow Data Assimilation System, a product of the NOAA National Weather 

Service's National Operational Hydrologic Remote Sensing Center (NOHRSC) 

http://www.wrcc.dri.edu/cwd/products/)
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• SWE: Snow water equivalent (mm). For May, snow depth is assumed to be ~ 2.5 *SWE  
• TopoWx:  
• Snow covered area, total:Total area covered by snow within the study boundaries in 

square kilometers (km2) 
• Snow covered area, fractional: Percentage of the total land area that is covered by 

snow; this can be within the study boundaries, aspect area, or elevation bands 
• VIC: Variable Infiltration Capacity hydrologic model 
• UTM: Universal Transverse Mercator spatial coordinates 

 
 
FIGURES – see separate file 
 



From: A J
To: Grizzle, Betty
Subject: Re: Wolverine and white markings
Date: Monday, May 8, 2017 12:27:44 PM

I don't know what he means by more variation in Scandinavia. My impression is just the
opposite. I'm not sure that Jens is familiar with all the different color patterns in NA
wolverines, from very light to almost black and all the variations in between. Then again,
maybe he meant to say less instead of more.

On Mon, May 8, 2017 at 9:00 AM, Grizzle, Betty <betty_grizzle@fws.gov> wrote:
Audrey - Here is response from Jens regarding my questions about coloration:

Regarding coloration of wolverines in Sweden: In general it seems like there is more variation in coloration of
Scandinavian wolverines compared to North American. I cannot recall that I have seen any wolverines with white paws or
“extra coloration” over here. They are generally dark with varying levels of light chest pattern, in addition to the typical
light band along the side of the body.

On Thu, May 4, 2017 at 11:04 AM, A J <222wsheridan@gmail.com> wrote:
Hi Betty
I don't think anyone has looked at white traits in wolverines on a global scale, either
prevalence or genetic markers. White markings on the feet are common (but not
dominant) in Alaska, at least on the North Slope and Southeast Alaska where I have
worked. I have attached an unusual individual, which I believe was caught in Alaska. One
trapper I know in NE Alaska showed me a "white" wolverine he captured. Not an albino,
but white with cream highlights where black would occur on a "normal" wolverine. From
what I know of wolverines in Scandinavia, there is much less white even in the chest
pattern. Jens could speak to whether they have ever gotten a white-footed wolverine.
There may be regional differences in the occurrence rate and prominence of white
markings, which suggests a genetic marker that runs in the population until something
changes it. I once asked a fur buyer in Fairbanks about regional differences, and he said
there were differences in the size and color of the diamond on wolverines across
Alaska.We didn't discuss white feet. Some wolverines, almost as rare as white ones, are
nearly completely black. It would be interesting to see if there are genetic differences and
if they change over time regionally. The "white-less" wolverines in Scandinavia may be
because the population may have descended from a few dark individuals and could change
over time as the population increases and expands and dispersers arrive from Russia. The
local buyer has purchased wolverines from Russia. I will have to talk to him again to see if
white feet occurred on the hides he purchases. It seems to me I recall Jeff Copeland
mentioning that he thinks a dominant male in an area can determine the coloration of the
individuals in an area and perhaps he has worked with genetics along these lines. It does
seem that wolverines from Montana more commonly had larger areas of white on chest,
legs, and feet than in other areas. Bob Inman certainly has captured individuals like this.

On another subject, did you hear from Jens in response to your email? Did you ask him
about the number of dens outside the snow model that they now have? He is going to try
to photograph some of these den sites in the coming week.
Audrey

On Thu, May 4, 2017 at 9:28 AM, Grizzle, Betty <betty_grizzle@fws.gov> wrote:
Hi Audrey - You may have seen this OpEd from the Great Falls Tribune.

mailto:222wsheridan@gmail.com
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Wolverine study’s plan preferred to endangered species listing
GreatFalls Tribune/Opinion

May 2, 2017 

 

During a multi-state survey this winter to establish a baseline of where wolverines live in the
U.S., one of the solitary mountaineers was photographed by a motion-detecting camera 65 miles
southeast of Great Falls in the Little Belt Mountains.... http://www.great
fallstribune.com/story/opinion/2017/05/02/wolverine-studys-plan-preferred-endangered-speci
es-listing/101208748/

 

I noticed that one of the photographs (Pintler Mtns) shows a wolverine with white on its
front paws.  I had read (somewhere) about this interesting characteristic and ask Bob
Inman if he knew whether this was unique to North America or Montana, and whether
this has been observed in wolverines in Scandinavia.  He said that they have seen fairly
extensive white markings, often on the foot, in GYE and Montana, but did not know
about other populations. 

I also read the following account of almost all-white wolverines from Cardinal's report:

From Cardinal 2004 Aboriginal Traditional Knowledge COSEWIC Status Report on
Wolverine Gulo gulo Qavvik: (page 7)
"A nearly all-white variant of wolverine has been trapped by hunters in the Kitikmeot
region. Knowledge holders in the region state that this variety is very rare; in all of the
other regions, only one other knowledge holder reported catching a wolverine that had a
significant amount of white on it. Knowledge holders also mentioned that this variant
has always occurred in this one area and reported their parents had caught this variety in
the past. A pelt was also on display at the local HTC."

Question for you: Do you know if anyone has looked at these traits (on global scale) and
how prevalent they are?  And whether anyone has investigated the genetic markers for
this?

Thanks.
-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax
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-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax

tel:(760)%20431-9440
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From: Doherty, Kevin
To: Guinotte, John
Subject: Re: Wolverine Report 5MAY 2017 -- including Exec. Summary
Date: Tuesday, May 9, 2017 8:29:08 AM

are the figures the same?

On Mon, May 8, 2017 at 9:28 AM, Guinotte, John <john_guinotte@fws.gov> wrote:

John Guinotte
Fish and Wildlife Biologist
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region 6
134 Union Blvd., Lakewood, CO 80228
303-236-4264
john_guinotte@fws.gov
                  

---------- Forwarded message ----------
From: Joe Barsugli <joseph.barsugli@noaa.gov>
Date: Fri, May 5, 2017 at 2:55 PM
Subject: Wolverine Report 5MAY 2017 -- including Exec. Summary
To: Stephen Torbit <Stephen_Torbit@fws.gov>, "Guinotte, John"
<john_guinotte@fws.gov>, Andrea Ray <Andrea.Ray@noaa.gov>, Candida Dewes
<Candida.Dewes@noaa.gov>, Imtiaz Rangwala <Imtiaz.Rangwala@noaa.gov>, Ben
Livneh <ben.livneh@colorado.edu>, Aaron Joseph Heldmyer
<Aaron.Heldmyer@colorado.edu>

Steve, John (and the team)

It has been hectic with me sick and Andrea at a conference, but A new version of the Text
and figures have been uploaded to the drive.  

Numerous changes:

Figures have been updated/fixed, and a couple of figures added to the elevation
dependence discussion for the model output.
Executive Summary has been added to the text.
Numerous comments from John and Kevin were addressed.

The main substantive changes are an expansion of the elevation-dependence discussion in
the modeling section and the addition of the Executive summary. Other changes were either
fixes to figures, or clarifications/re-writing to address comments from John and Kevin. 
There are many of these, and a few sections were re-organized to lead to better flow, but
without changing the underlying content.    

I am attaching a PDF  and DOCX versions of the text here, but the .docx and .pdf version of
text and figures are on the drive.  I have ALSO included a "track changes"  .docx file for
those interested. 
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We have not gone through this with a fine toothed comb, so there may still be a few small
things.  But Better to get this to you now.  

Joe

-- 
Joseph Barsugli, Research Scientist III
CIRES, UCB216
University of Colorado Boulder
Boulder CO 80309
303-497-6042
PSD Science Board and 
Attribution and Predictability Assessments Team Member

-- 
______________________________________________

Kevin Doherty, PhD
Spatial Ecologist
USFWS  Region 6 --Science Applications 
134 Union Blvd, Lakewood, CO 80228
Phone: (303) 921-0524
Email: kevin_doherty@fws.gov
__________________________________________
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From: Guinotte, John
To: Stephen Torbit
Subject: Re: Wolverine Report 5MAY 2017 -- including Exec. Summary
Date: Wednesday, May 10, 2017 8:36:26 AM

Hey Steve, I'm out of the office next Friday, but Thurs would work. Can you give me a call on
cell when you get a minute this am? cell is 206-915-2037. Thanks John

John Guinotte
Fish and Wildlife Biologist
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region 6
134 Union Blvd., Lakewood, CO 80228
303-236-4264
john_guinotte@fws.gov
                  

On Wed, May 10, 2017 at 8:28 AM, Stephen Torbit <Stephen_Torbit@fws.gov> wrote:

Morning everyone.  FWS was hit hard by the hail on Monday afternoon.  We lost big parts of the

roof of our building and the 6th floor, where all of us work, was flooded.  We had to spend some
time yesterday mopping up and clearing out electronics.   No one can occupy their offices until we

get electricity and fire alarms back on for the 6th floor.  So, John, Kevin and I are working from
home.  I may get a temporary  office next week.

 

This has slowed down our review of your draft report a bit and John, Kevin and I need to review
and huddle here soon.  I suggest that we try and arrange a 2 hour meeting for later next week in
Boulder at your offices to review the report and make decisions and recommendations regarding
the final version.

 

I am thinking Thursday or Friday.   Please let us know what day and time might work best for you
all up there and we will see what we can schedule.

 

Thanks

Steve

 

Stephen C. Torbit

Assistant Regional Director

Science Applications
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U.S. Fish and Wildlife Service

134 Union Blvd.

Lakewood, Colorado 80228

303-236-4602 – Office

720-626-7504 – Cell

 

From: Joe Barsugli [mailto:joseph.barsugli@noaa.gov] 
Sent: Friday, May 05, 2017 2:56 PM
To: Stephen Torbit; Guinotte, John; Andrea Ray; Candida Dewes; Imtiaz Rangwala; Ben Livneh; Aaron
Joseph Heldmyer
Subject: Wolverine Report 5MAY 2017 -- including Exec. Summary

 

Steve, John (and the team)

It has been hectic with me sick and Andrea at a conference, but A new version of the Text
and figures have been uploaded to the drive. 

Numerous changes:

Figures have been updated/fixed, and a couple of figures added to the elevation
dependence discussion for the model output.
Executive Summary has been added to the text.
Numerous comments from John and Kevin were addressed.

The main substantive changes are an expansion of the elevation-dependence discussion in
the modeling section and the addition of the Executive summary. Other changes were either
fixes to figures, or clarifications/re-writing to address comments from John and Kevin. 
There are many of these, and a few sections were re-organized to lead to better flow, but
without changing the underlying content.   

I am attaching a PDF  and DOCX versions of the text here, but the .docx and .pdf version of
text and figures are on the drive.  I have ALSO included a "track changes"  .docx file for
those interested.

We have not gone through this with a fine toothed comb, so there may still be a few small
things.  But Better to get this to you now. 

 

 

Joe

mailto:joseph.barsugli@noaa.gov


-- 

Joseph Barsugli, Research Scientist III

CIRES, UCB216

University of Colorado Boulder

Boulder CO 80309

303-497-6042

PSD Science Board and 

Attribution and Predictability Assessments Team Member



From: Guinotte, John
To: Stephen Torbit
Subject: Re: Wolverine Report 5MAY 2017 -- including Exec. Summary
Date: Wednesday, May 10, 2017 8:38:14 AM

Scratch that last email. I was looking at the wrong week. I could do Friday next week in
Boulder, but Thurs afternoon from 1-5pm wont work. We have a meeting w the WY field
office all afternoon.

John Guinotte
Fish and Wildlife Biologist
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region 6
134 Union Blvd., Lakewood, CO 80228
303-236-4264
john_guinotte@fws.gov
                  

On Wed, May 10, 2017 at 8:28 AM, Stephen Torbit <Stephen_Torbit@fws.gov> wrote:

Morning everyone.  FWS was hit hard by the hail on Monday afternoon.  We lost big parts of the

roof of our building and the 6th floor, where all of us work, was flooded.  We had to spend some
time yesterday mopping up and clearing out electronics.   No one can occupy their offices until we

get electricity and fire alarms back on for the 6th floor.  So, John, Kevin and I are working from
home.  I may get a temporary  office next week.

 

This has slowed down our review of your draft report a bit and John, Kevin and I need to review
and huddle here soon.  I suggest that we try and arrange a 2 hour meeting for later next week in
Boulder at your offices to review the report and make decisions and recommendations regarding
the final version.

 

I am thinking Thursday or Friday.   Please let us know what day and time might work best for you
all up there and we will see what we can schedule.

 

Thanks

Steve

 

Stephen C. Torbit

Assistant Regional Director
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Science Applications

U.S. Fish and Wildlife Service

134 Union Blvd.

Lakewood, Colorado 80228

303-236-4602 – Office

720-626-7504 – Cell

 

From: Joe Barsugli [mailto:joseph.barsugli@noaa.gov] 
Sent: Friday, May 05, 2017 2:56 PM
To: Stephen Torbit; Guinotte, John; Andrea Ray; Candida Dewes; Imtiaz Rangwala; Ben Livneh; Aaron
Joseph Heldmyer
Subject: Wolverine Report 5MAY 2017 -- including Exec. Summary

 

Steve, John (and the team)

It has been hectic with me sick and Andrea at a conference, but A new version of the Text
and figures have been uploaded to the drive. 

Numerous changes:

Figures have been updated/fixed, and a couple of figures added to the elevation
dependence discussion for the model output.
Executive Summary has been added to the text.
Numerous comments from John and Kevin were addressed.

The main substantive changes are an expansion of the elevation-dependence discussion in
the modeling section and the addition of the Executive summary. Other changes were either
fixes to figures, or clarifications/re-writing to address comments from John and Kevin. 
There are many of these, and a few sections were re-organized to lead to better flow, but
without changing the underlying content.   

I am attaching a PDF  and DOCX versions of the text here, but the .docx and .pdf version of
text and figures are on the drive.  I have ALSO included a "track changes"  .docx file for
those interested.

We have not gone through this with a fine toothed comb, so there may still be a few small
things.  But Better to get this to you now. 

 

 

mailto:joseph.barsugli@noaa.gov


Joe

-- 

Joseph Barsugli, Research Scientist III

CIRES, UCB216

University of Colorado Boulder

Boulder CO 80309

303-497-6042

PSD Science Board and 

Attribution and Predictability Assessments Team Member



From: Stephen Torbit
To: Andrea Ray - NOAA Federal
Cc: Joseph Barsugli; John Guinotte; Candida Dewes; Imtiaz Rangwala; Ben Livneh; Aaron Joseph Heldmyer; Kevin

Doherty
Subject: RE: Wolverine Report 5MAY 2017 -- including Exec. Summary
Date: Wednesday, May 10, 2017 11:07:37 AM

Lets plan on Friday morning in your shop  Maybe we could start about 9:30 and go until 11:30 or so.
 
Stephen C. Torbit
Assistant Regional Director
Science Applications
U.S. Fish and Wildlife Service
134 Union Blvd.
Lakewood, Colorado 80228
303-236-4602 – Office
720-626-7504 – Cell
 
From: Andrea Ray - NOAA Federal [mailto:andrea.ray@noaa.gov] 
Sent: Wednesday, May 10, 2017 11:06 AM
To: Stephen Torbit
Cc: Joseph Barsugli; John Guinotte; Candida Dewes; Imtiaz Rangwala; Ben Livneh; Aaron Joseph
Heldmyer; Kevin Doherty
Subject: Re: Wolverine Report 5MAY 2017 -- including Exec. Summary
 
Hi Steve, I'm sorry to hear about the building, what a mess!  Next Thursday/Friday is fine with
me, and we'll coordinate among ourselves and get back to you about times.  I can tell you that
Thursday afternoon, 18 May from 1-6p is a CIRES science symposium event that will involve
most of the team, so it would be better to do it in the morning or Friday.  
 
and -- welcome back.  Andrea
 
On Wed, May 10, 2017 at 8:28 AM, Stephen Torbit <Stephen_Torbit@fws.gov> wrote:
Morning everyone.  FWS was hit hard by the hail on Monday afternoon.  We lost big parts of the roof

of our building and the 6th floor, where all of us work, was flooded.  We had to spend some time
yesterday mopping up and clearing out electronics.   No one can occupy their offices until we get

electricity and fire alarms back on for the 6th floor.  So, John, Kevin and I are working from home.  I
may get a temporary  office next week.
 
This has slowed down our review of your draft report a bit and John, Kevin and I need to review and
huddle here soon.  I suggest that we try and arrange a 2 hour meeting for later next week in Boulder
at your offices to review the report and make decisions and recommendations regarding the final
version.
 
I am thinking Thursday or Friday.   Please let us know what day and time might work best for you all
up there and we will see what we can schedule.
 
Thanks
Steve

mailto:Stephen_Torbit@fws.gov
mailto:andrea.ray@noaa.gov
mailto:joseph.barsugli@noaa.gov
mailto:john_guinotte@fws.gov
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mailto:Stephen_Torbit@fws.gov


 
Stephen C. Torbit
Assistant Regional Director
Science Applications
U.S. Fish and Wildlife Service
134 Union Blvd.
Lakewood, Colorado 80228
303-236-4602 – Office
720-626-7504 – Cell
 
From: Joe Barsugli [mailto:joseph.barsugli@noaa.gov] 
Sent: Friday, May 05, 2017 2:56 PM
To: Stephen Torbit; Guinotte, John; Andrea Ray; Candida Dewes; Imtiaz Rangwala; Ben Livneh; Aaron
Joseph Heldmyer
Subject: Wolverine Report 5MAY 2017 -- including Exec. Summary
 

Steve, John (and the team)

It has been hectic with me sick and Andrea at a conference, but A new version of the Text and
figures have been uploaded to the drive. 

Numerous changes:

Figures have been updated/fixed, and a couple of figures added to the elevation
dependence discussion for the model output.
Executive Summary has been added to the text.
Numerous comments from John and Kevin were addressed.

The main substantive changes are an expansion of the elevation-dependence discussion in the
modeling section and the addition of the Executive summary. Other changes were either fixes
to figures, or clarifications/re-writing to address comments from John and Kevin.  There are
many of these, and a few sections were re-organized to lead to better flow, but without
changing the underlying content.   

I am attaching a PDF  and DOCX versions of the text here, but the .docx and .pdf version of
text and figures are on the drive.  I have ALSO included a "track changes"  .docx file for those
interested.

We have not gone through this with a fine toothed comb, so there may still be a few small
things.  But Better to get this to you now. 

 

 

Joe

-- 
Joseph Barsugli, Research Scientist III
CIRES, UCB216
University of Colorado Boulder
Boulder CO 80309

tel:(303)%20236-4602
tel:(720)%20626-7504
mailto:joseph.barsugli@noaa.gov


303-497-6042
PSD Science Board and 
Attribution and Predictability Assessments Team Member

 
--
-- 
Andrea J. Ray, Ph.D. 
NOAA Earth System Research Lab, Mailcode R/PSD1 
325 Broadway, Boulder, CO 80305-3328 
(tel) 303-497-6434 
(fax) 303-497-6449 
andrea.ray@noaa.gov
www.researchgate.net/profile/Andrea_Ray2

tel:(303)%20497-6042
mailto:andrea.ray@noaa.gov
http://www.researchgate.net/profile/Andrea_Ray2


From: Guinotte, John
To: Kevin Doherty
Subject: Fwd: april 15 dhsvm outputs?
Date: Friday, May 12, 2017 8:15:06 AM

John Guinotte
Fish and Wildlife Biologist
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region 6
134 Union Blvd., Lakewood, CO 80228
303-236-4264
john_guinotte@fws.gov
                  

---------- Forwarded message ----------
From: Joe Barsugli <joseph.barsugli@noaa.gov>
Date: Thu, May 11, 2017 at 1:24 PM
Subject: Re: april 15 dhsvm outputs?
To: "Guinotte, John" <john_guinotte@fws.gov>, Stephen Torbit <Stephen_Torbit@fws.gov>,
Andrea Ray <Andrea.Ray@noaa.gov>, Aaron Joseph Heldmyer
<Aaron.Heldmyer@colorado.edu>, Ben Livneh <ben.livneh@colorado.edu>

John,

These outputs are not available from the current runs that Ben and Aaron produced, and would
take some effort to produce on their part.  Have you heard more information from the
Wolverine biologists as to whether this is critical, or whether the May 1 output is sufficient?   
I am including Ben and Aaron on this e-mail thread in case they have more information to
add.  

Joe

On 5/11/2017 9:32 AM, Guinotte, John wrote:

Hi Joe and Andrea,

Do you have any updates on this from Ben or Aaron? I checked the google drive
today and don't see any dhsvm outputs for April 15.

Thanks John

John Guinotte
Fish and Wildlife Biologist
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region 6
134 Union Blvd., Lakewood, CO 80228
303-236-4264
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john_guinotte@fws.gov
                  

-- 
Joseph Barsugli, Research Scientist III
CIRES, UCB216
University of Colorado Boulder
Boulder CO 80309
303-497-6042
PSD Science Board and 
Attribution and Predictability Assessments Team Member

mailto:john_guinotte@fws.gov


From: Andrea Ray - NOAA Federal
To: Stephen Torbit
Cc: John Guinotte; Imtiaz Rangwala; Kevin Doherty
Subject: Does 1:30 Friday 19th work? Re: Wolverine Report 5MAY 2017 -- including Exec. Summary
Date: Friday, May 12, 2017 10:54:20 AM

That's the best time -- Ben isn't available in the morning, and I've got a noon-1:30 (that I'll put
a hard stop on).  Imtiaz and Ben aren't available at the same times, and we agreed that Ben is
more critical for this meeting, we can call or email Imtiaz with questions. 

once you confirm, I'll send out a calendar invitation
Thanks, Andrea

On Wed, May 10, 2017 at 11:17 AM, Andrea Ray - NOAA Federal <andrea.ray@noaa.gov>
wrote:

Hi Steve -- hold off until I've heard from people -- I have a separate email going around
about schedules.  Ben may not be available on Friday. 

I'll get back to you ASAP.  Also, we're working on a list of reviewers.

Andre

On Wed, May 10, 2017 at 11:07 AM, Stephen Torbit <Stephen_Torbit@fws.gov> wrote:

Lets plan on Friday morning in your shop  Maybe we could start about 9:30 and go until 11:30 or
so.

 

Stephen C. Torbit

Assistant Regional Director

Science Applications

U.S. Fish and Wildlife Service

134 Union Blvd.

Lakewood, Colorado 80228

303-236-4602 – Office

720-626-7504 – Cell

 

From: Andrea Ray - NOAA Federal [mailto:andrea.ray@noaa.gov] 
Sent: Wednesday, May 10, 2017 11:06 AM
To: Stephen Torbit
Cc: Joseph Barsugli; John Guinotte; Candida Dewes; Imtiaz Rangwala; Ben Livneh; Aaron Joseph
Heldmyer; Kevin Doherty

mailto:andrea.ray@noaa.gov
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mailto:kevin_doherty@fws.gov
mailto:andrea.ray@noaa.gov
mailto:Stephen_Torbit@fws.gov
tel:(303)%20236-4602
tel:(720)%20626-7504
mailto:andrea.ray@noaa.gov


Subject: Re: Wolverine Report 5MAY 2017 -- including Exec. Summary

 

Hi Steve, I'm sorry to hear about the building, what a mess!  Next Thursday/Friday is fine
with me, and we'll coordinate among ourselves and get back to you about times.  I can tell
you that Thursday afternoon, 18 May from 1-6p is a CIRES science symposium event that
will involve most of the team, so it would be better to do it in the morning or Friday.  

 

and -- welcome back.  Andrea

 

On Wed, May 10, 2017 at 8:28 AM, Stephen Torbit <Stephen_Torbit@fws.gov> wrote:

Morning everyone.  FWS was hit hard by the hail on Monday afternoon.  We lost big parts of the

roof of our building and the 6th floor, where all of us work, was flooded.  We had to spend some
time yesterday mopping up and clearing out electronics.   No one can occupy their offices until

we get electricity and fire alarms back on for the 6th floor.  So, John, Kevin and I are working
from home.  I may get a temporary  office next week.

 

This has slowed down our review of your draft report a bit and John, Kevin and I need to review
and huddle here soon.  I suggest that we try and arrange a 2 hour meeting for later next week in
Boulder at your offices to review the report and make decisions and recommendations
regarding the final version.

 

I am thinking Thursday or Friday.   Please let us know what day and time might work best for you
all up there and we will see what we can schedule.

 

Thanks

Steve

 

Stephen C. Torbit

Assistant Regional Director

Science Applications

U.S. Fish and Wildlife Service

mailto:Stephen_Torbit@fws.gov


134 Union Blvd.

Lakewood, Colorado 80228

303-236-4602 – Office

720-626-7504 – Cell

 

From: Joe Barsugli [mailto:joseph.barsugli@noaa.gov] 
Sent: Friday, May 05, 2017 2:56 PM
To: Stephen Torbit; Guinotte, John; Andrea Ray; Candida Dewes; Imtiaz Rangwala; Ben Livneh;
Aaron Joseph Heldmyer
Subject: Wolverine Report 5MAY 2017 -- including Exec. Summary

 

Steve, John (and the team)

It has been hectic with me sick and Andrea at a conference, but A new version of the Text
and figures have been uploaded to the drive. 

Numerous changes:

Figures have been updated/fixed, and a couple of figures added to the elevation
dependence discussion for the model output.
Executive Summary has been added to the text.
Numerous comments from John and Kevin were addressed.

The main substantive changes are an expansion of the elevation-dependence discussion in
the modeling section and the addition of the Executive summary. Other changes were
either fixes to figures, or clarifications/re-writing to address comments from John and
Kevin.  There are many of these, and a few sections were re-organized to lead to better
flow, but without changing the underlying content.   

I am attaching a PDF  and DOCX versions of the text here, but the .docx and .pdf version
of text and figures are on the drive.  I have ALSO included a "track changes"  .docx file
for those interested.

We have not gone through this with a fine toothed comb, so there may still be a few small
things.  But Better to get this to you now. 

 

 

Joe

-- 

Joseph Barsugli, Research Scientist III

tel:(303)%20236-4602
tel:(720)%20626-7504
mailto:joseph.barsugli@noaa.gov


CIRES, UCB216

University of Colorado Boulder

Boulder CO 80309

303-497-6042

PSD Science Board and 

Attribution and Predictability Assessments Team Member

 

--

-- 
Andrea J. Ray, Ph.D. 
NOAA Earth System Research Lab, Mailcode R/PSD1 
325 Broadway, Boulder, CO 80305-3328 
(tel) 303-497-6434 
(fax) 303-497-6449 
andrea.ray@noaa.gov

www.researchgate.net/profile/Andrea_Ray2

-- 
-- 
Andrea J. Ray, Ph.D. 
NOAA Earth System Research Lab, Mailcode R/PSD1 
325 Broadway, Boulder, CO 80305-3328 
(tel) 303-497-6434 
(fax) 303-497-6449 
andrea.ray@noaa.gov
www.researchgate.net/profile/Andrea_Ray2

-- 
-- 
Andrea J. Ray, Ph.D. 
NOAA Earth System Research Lab, Mailcode R/PSD1 
325 Broadway, Boulder, CO 80305-3328 
(tel) 303-497-6434 
(fax) 303-497-6449 
andrea.ray@noaa.gov
www.researchgate.net/profile/Andrea_Ray2
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tel:(303)%20497-6449
mailto:andrea.ray@noaa.gov
http://www.researchgate.net/profile/Andrea_Ray2
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tel:(303)%20497-6449
mailto:andrea.ray@noaa.gov
http://www.researchgate.net/profile/Andrea_Ray2
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From: Guinotte, John
To: Joseph Barsugli - NOAA Affiliate
Cc: Stephen Torbit; Andrea Ray; Aaron Joseph Heldmyer; Ben Livneh
Subject: Re: april 15 dhsvm outputs?
Date: Friday, May 12, 2017 11:48:36 AM

Hi Joe, I confirmed with Betty that April 15 is needed. 
Thanks John

John Guinotte
Fish and Wildlife Biologist
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region 6
134 Union Blvd., Lakewood, CO 80228
303-236-4264
john_guinotte@fws.gov
                  

On Thu, May 11, 2017 at 1:24 PM, Joe Barsugli <joseph.barsugli@noaa.gov> wrote:

John,

These outputs are not available from the current runs that Ben and Aaron produced, and
would take some effort to produce on their part.  Have you heard more information from the
Wolverine biologists as to whether this is critical, or whether the May 1 output is
sufficient?    I am including Ben and Aaron on this e-mail thread in case they have more
information to add.  

Joe

On 5/11/2017 9:32 AM, Guinotte, John wrote:

Hi Joe and Andrea,

Do you have any updates on this from Ben or Aaron? I checked the google
drive today and don't see any dhsvm outputs for April 15.

Thanks John

John Guinotte
Fish and Wildlife Biologist
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region 6
134 Union Blvd., Lakewood, CO 80228
303-236-4264
john_guinotte@fws.gov
                  

-- 
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Joseph Barsugli, Research Scientist III
CIRES, UCB216
University of Colorado Boulder
Boulder CO 80309
303-497-6042
PSD Science Board and 
Attribution and Predictability Assessments Team Member



From: Google Calendar on behalf of andrea.ray@noaa.gov
To: john_guinotte@fws.gov; kevin_doherty@fws.gov; imtiaz.rangwala@noaa.gov; joseph.barsugli@noaa.gov; beli1098@colorado.edu; candida.dewes@noaa.gov; aahe1976@colorado.edu; jest6889@colorado.edu; stephen_torbit@fws.gov
Subject: FWS Wolverine project meeting
Attachments: invite.ics

This event has been changed.

more details » <https://www.google.com/calendar/event?
action=VIEW&eid=MnE2M3R1NHFkcHBmOXRyM2w1Mmt1ZThhaG9fMjAxNzA0MTdUMjEwMDAwWiBqb2huX2d1aW5vdHRlQGZ3cy5nb3Y&tok=MTkjYW5kcmVhLnJheUBub2FhLmdvdjJmYjJiOTJkMjQ3ODc0M2E3ZjVmMTZkY2ZhZDY5NTQ5MjI2ZmE2NDA&ctz=America/Denver&hl=en> 

Changed: FWS Wolverine project meeting

Changed: 
Let me know if anyone needs to be on via Go-to-meeting, I haven't set that up yet.

When
Changed: Fri May 19, 2017 1:30pm – 3:30pm Mountain Time 
Where
Changed: DSRC - 1D708 (map <https://maps.google.com/maps?q=DSRC+-+1D708&hl=en> ) 
Calendar
john_guinotte@fws.gov 
Who
• andrea.ray@noaa.gov
- organizer
• kevin_doherty@fws.gov
• imtiaz.rangwala@noaa.gov
• joseph.barsugli@noaa.gov
• john_guinotte@fws.gov
• beli1098@colorado.edu
• candida.dewes@noaa.gov
• aahe1976@colorado.edu
• jest6889@colorado.edu
• stephen_torbit@fws.gov

Going?   
Yes <https://www.google.com/calendar/event?
action=RESPOND&eid=MnE2M3R1NHFkcHBmOXRyM2w1Mmt1ZThhaG9fMjAxNzA0MTdUMjEwMDAwWiBqb2huX2d1aW5vdHRlQGZ3cy5nb3Y&rst=1&tok=MTkjYW5kcmVhLnJheUBub2FhLmdvdjJmYjJiOTJkMjQ3ODc0M2E3ZjVmMTZkY2ZhZDY5NTQ5MjI2ZmE2NDA&ctz=America/Denver&hl=en> 
- 
Maybe <https://www.google.com/calendar/event?
action=RESPOND&eid=MnE2M3R1NHFkcHBmOXRyM2w1Mmt1ZThhaG9fMjAxNzA0MTdUMjEwMDAwWiBqb2huX2d1aW5vdHRlQGZ3cy5nb3Y&rst=3&tok=MTkjYW5kcmVhLnJheUBub2FhLmdvdjJmYjJiOTJkMjQ3ODc0M2E3ZjVmMTZkY2ZhZDY5NTQ5MjI2ZmE2NDA&ctz=America/Denver&hl=en> 
- 
No <https://www.google.com/calendar/event?
action=RESPOND&eid=MnE2M3R1NHFkcHBmOXRyM2w1Mmt1ZThhaG9fMjAxNzA0MTdUMjEwMDAwWiBqb2huX2d1aW5vdHRlQGZ3cy5nb3Y&rst=2&tok=MTkjYW5kcmVhLnJheUBub2FhLmdvdjJmYjJiOTJkMjQ3ODc0M2E3ZjVmMTZkY2ZhZDY5NTQ5MjI2ZmE2NDA&ctz=America/Denver&hl=en>    
more options » <https://www.google.com/calendar/event?
action=VIEW&eid=MnE2M3R1NHFkcHBmOXRyM2w1Mmt1ZThhaG9fMjAxNzA0MTdUMjEwMDAwWiBqb2huX2d1aW5vdHRlQGZ3cy5nb3Y&tok=MTkjYW5kcmVhLnJheUBub2FhLmdvdjJmYjJiOTJkMjQ3ODc0M2E3ZjVmMTZkY2ZhZDY5NTQ5MjI2ZmE2NDA&ctz=America/Denver&hl=en> 

Invitation from Google Calendar <https://www.google.com/calendar/> 

You are receiving this email at the account john_guinotte@fws.gov because you are subscribed for updated invitations on calendar john_guinotte@fws.gov.

To stop receiving these emails, please log in to https://www.google.com/calendar/ and change your notification settings for this calendar.

Forwarding this invitation could allow any recipient to modify your RSVP response. Learn More <https://support.google.com/calendar/answer/37135#forwarding> .
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Attachment 20170512 131859_EM_FWS Wolverine project meeting.ics (3103 Bytes) cannot be converted to PDF format.



From: Jodi Bush
To: Grizzle, Betty
Cc: Guinotte, John; Shoemaker, Justin; Conor McGowan
Subject: Re: Wolverine PVA call
Date: Monday, May 15, 2017 9:48:07 AM

Call in the info? JB 

Sent from my iPhone

On Apr 27, 2017, at 2:24 PM, Grizzle, Betty <betty_grizzle@fws.gov> wrote:

Yes, that's fine.

On Thu, Apr 27, 2017 at 1:21 PM, Guinotte, John <john_guinotte@fws.gov>
wrote:

Works for me Justin.

John Guinotte
Fish and Wildlife Biologist
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region 6
134 Union Blvd., Lakewood, CO 80228
303-236-4264
john_guinotte@fws.gov
                  

On Thu, Apr 27, 2017 at 2:19 PM, Shoemaker, Justin
<justin_shoemaker@fws.gov> wrote:

All,

How about a call tomorrow at 1:00 Central to catch up on the PVA effort?
Let me know if that works and I'll set it up.

Justin Shoemaker
Classification Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office

mailto:jodi_bush@fws.gov
mailto:betty_grizzle@fws.gov
mailto:john_guinotte@fws.gov
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2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax



From: Guinotte, John
To: McGowan, Conor
Cc: Jodi Bush; Conor McGowan; Grizzle, Betty; Shoemaker, Justin
Subject: Re: Wolverine PVA call
Date: Monday, May 15, 2017 10:21:37 AM

Hi Conor, I think there is some confusion here. The call at 11am mountain today is on
wolverine genetics, not PVA. No need for you to be on.
Best, John

John Guinotte
Fish and Wildlife Biologist
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region 6
134 Union Blvd., Lakewood, CO 80228
303-236-4264
john_guinotte@fws.gov
                  

On Mon, May 15, 2017 at 10:15 AM, McGowan, Conor <cmcgowan@usgs.gov> wrote:
This is the first I have heard of any call.   It seems that neither of my email addresses we
cc'd.  What day and time are we having a call, and do I need to be on the line?

On Mon, May 15, 2017 at 10:48 AM, Jodi Bush <jodi_bush@fws.gov> wrote:
Call in the info? JB 

Sent from my iPhone

On Apr 27, 2017, at 2:24 PM, Grizzle, Betty <betty_grizzle@fws.gov> wrote:

Yes, that's fine.

On Thu, Apr 27, 2017 at 1:21 PM, Guinotte, John <john_guinotte@fws.gov>
wrote:

Works for me Justin.

John Guinotte
Fish and Wildlife Biologist
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region 6
134 Union Blvd., Lakewood, CO 80228
303-236-4264
john_guinotte@fws.gov
                  

On Thu, Apr 27, 2017 at 2:19 PM, Shoemaker, Justin
<justin_shoemaker@fws.gov> wrote:

All,
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How about a call tomorrow at 1:00 Central to catch up on the PVA effort?
Let me know if that works and I'll set it up.

Justin Shoemaker
Classification Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax

-- 
Conor P. McGowan, Ph.D.
Assistant Leader and Associate Research Professor
USGS, Alabama Cooperative Fish and Wildlife Research Unit
School of Forestry and Wildlife Sciences,
Auburn University
Auburn, AL 36849-5418

EM:cmcgowan@usgs.gov
Ph:334 844 9231
www.auburn.edu/~cpm0014

mailto:justin_shoemaker@fws.gov
mailto:EM%3Acmcgowan@usgs.gov
http://www.auburn.edu/~cpm0014


From: Google Calendar on behalf of andrea.ray@noaa.gov
To: john_guinotte@fws.gov; imtiaz.rangwala@noaa.gov; don.murray@noaa.gov; jest6889@colorado.edu; aahe1976@colorado.edu; coury.ditch@noaa.gov; beli1098@colorado.edu; joseph.barsugli@noaa.gov; candida.dewes@noaa.gov; kevin_doherty@fws.gov;

stephen_torbit@fws.gov
Subject: FWS Wolverine project meeting - updated time 2pm
Start: Friday, May 19, 2017 2:00:00 PM
End: Friday, May 19, 2017 4:00:00 PM
Location: DSRC - 1D708 and go-to meeting
Attachments: invite.ics

This event has been changed.

more details » <https://www.google.com/calendar/event?
action=VIEW&eid=MnE2M3R1NHFkcHBmOXRyM2w1Mmt1ZThhaG9fMjAxNzA0MTdUMjEwMDAwWiBqb2huX2d1aW5vdHRlQGZ3cy5nb3Y&tok=MTkjYW5kcmVhLnJheUBub2FhLmdvdjJmYjJiOTJkMjQ3ODc0M2E3ZjVmMTZkY2ZhZDY5NTQ5MjI2ZmE2NDA&ctz=America/Denver&hl=en> 

Changed: FWS Wolverine project meeting - updated time 2pm

Changed: Please join my meeting from your computer, tablet or smartphone.
https://global.gotomeeting.com/join/925942125 <https://www.google.com/url?q=https%3A%2F%2Fglobal.gotomeeting.com%2Fjoin%2F925942125&sa=D&ust=1494889819730000&usg=AFQjCNGVWCxlbjP6rF_SRYnodN1TTietUQ> 

You can also dial in using your phone.
United States +1 (408) 650-3123

Access Code: 925-942-125

When
Changed: Fri May 19, 2017 2pm – 4pm Mountain Time 
Where
Changed: DSRC - 1D708 and go-to meeting (map <https://maps.google.com/maps?q=DSRC+-+1D708+and+go-to+meeting&hl=en> ) 
Calendar
john_guinotte@fws.gov 
Who
• andrea.ray@noaa.gov
- organizer
• imtiaz.rangwala@noaa.gov
• don.murray@noaa.gov
• jest6889@colorado.edu
• aahe1976@colorado.edu
• coury.ditch@noaa.gov
• beli1098@colorado.edu
• joseph.barsugli@noaa.gov
• john_guinotte@fws.gov
• candida.dewes@noaa.gov
• kevin_doherty@fws.gov
• stephen_torbit@fws.gov

Going?   
Yes <https://www.google.com/calendar/event?
action=RESPOND&eid=MnE2M3R1NHFkcHBmOXRyM2w1Mmt1ZThhaG9fMjAxNzA0MTdUMjEwMDAwWiBqb2huX2d1aW5vdHRlQGZ3cy5nb3Y&rst=1&tok=MTkjYW5kcmVhLnJheUBub2FhLmdvdjJmYjJiOTJkMjQ3ODc0M2E3ZjVmMTZkY2ZhZDY5NTQ5MjI2ZmE2NDA&ctz=America/Denver&hl=en> 
- 
Maybe <https://www.google.com/calendar/event?
action=RESPOND&eid=MnE2M3R1NHFkcHBmOXRyM2w1Mmt1ZThhaG9fMjAxNzA0MTdUMjEwMDAwWiBqb2huX2d1aW5vdHRlQGZ3cy5nb3Y&rst=3&tok=MTkjYW5kcmVhLnJheUBub2FhLmdvdjJmYjJiOTJkMjQ3ODc0M2E3ZjVmMTZkY2ZhZDY5NTQ5MjI2ZmE2NDA&ctz=America/Denver&hl=en> 
- 
No <https://www.google.com/calendar/event?
action=RESPOND&eid=MnE2M3R1NHFkcHBmOXRyM2w1Mmt1ZThhaG9fMjAxNzA0MTdUMjEwMDAwWiBqb2huX2d1aW5vdHRlQGZ3cy5nb3Y&rst=2&tok=MTkjYW5kcmVhLnJheUBub2FhLmdvdjJmYjJiOTJkMjQ3ODc0M2E3ZjVmMTZkY2ZhZDY5NTQ5MjI2ZmE2NDA&ctz=America/Denver&hl=en>    
more options » <https://www.google.com/calendar/event?
action=VIEW&eid=MnE2M3R1NHFkcHBmOXRyM2w1Mmt1ZThhaG9fMjAxNzA0MTdUMjEwMDAwWiBqb2huX2d1aW5vdHRlQGZ3cy5nb3Y&tok=MTkjYW5kcmVhLnJheUBub2FhLmdvdjJmYjJiOTJkMjQ3ODc0M2E3ZjVmMTZkY2ZhZDY5NTQ5MjI2ZmE2NDA&ctz=America/Denver&hl=en> 

Invitation from Google Calendar <https://www.google.com/calendar/> 

You are receiving this email at the account john_guinotte@fws.gov because you are subscribed for updated invitations on calendar john_guinotte@fws.gov.

To stop receiving these emails, please log in to https://www.google.com/calendar/ and change your notification settings for this calendar.

Forwarding this invitation could allow any recipient to modify your RSVP response. Learn More <https://support.google.com/calendar/answer/37135#forwarding> .

mailto:calendar-notification@google.com
mailto:andrea.ray@noaa.gov
mailto:john_guinotte@fws.gov
mailto:imtiaz.rangwala@noaa.gov
mailto:don.murray@noaa.gov
mailto:jenna.r.stewart@colorado.edu
mailto:aaron.heldmyer@colorado.edu
mailto:coury.ditch@noaa.gov
mailto:ben.livneh@colorado.edu
mailto:joseph.barsugli@noaa.gov
mailto:candida.dewes@noaa.gov
mailto:kevin_doherty@fws.gov
mailto:stephen_torbit@fws.gov


Attachment 20170515 151427_EM_FWS Wolverine project meeting - updated time .ics (3595 Bytes) cannot be converted to PDF format.



From: Andrea Ray - NOAA Federal
To: Stephen Torbit
Cc: John Guinotte; Joseph Barsugli
Subject: Re: Friday 19 May 1:30-3:30 Re: Wolverine Report 5MAY 2017 -- including Exec. Summary
Date: Tuesday, May 16, 2017 11:15:14 AM

We have people to ask about this :) ... we'll keep it in mind and let you know that the snow
gurus here say.  my guess is that the roads are now so warm that anything that falls over night
will have melted by afternoon.  But safety will rule!

If we can't meet Friday, would our usual time Monday 3-5 work?  I'll make a back up plan.

 

On Tue, May 16, 2017 at 10:42 AM, Stephen Torbit <Stephen_Torbit@fws.gov> wrote:

Sooo  I am sure you NOAA folks are totally up on the storm that is coming, but we may have to
postpone the meeting on Friday depending on how much snow we get and what the wind/temps
are like on 93.   Don’t want to decide yet, just putting it out there.

 

ST

 

Stephen C. Torbit

Assistant Regional Director

Science Applications

U.S. Fish and Wildlife Service

134 Union Blvd.

Lakewood, Colorado 80228

303-236-4602 – Office

720-626-7504 – Cell

 

From: Andrea Ray - NOAA Federal [mailto:andrea.ray@noaa.gov] 
Sent: Monday, May 15, 2017 3:08 PM
To: Guinotte, John
Cc: Stephen Torbit; Joseph Barsugli

Subject: Re: Friday 19 May 1:30-3:30 Re: Wolverine Report 5MAY 2017 -- including
Exec. Summary

mailto:andrea.ray@noaa.gov
mailto:Stephen_Torbit@fws.gov
mailto:john_guinotte@fws.gov
mailto:joseph.barsugli@noaa.gov
mailto:Stephen_Torbit@fws.gov
tel:(303)%20236-4602
tel:(720)%20626-7504
mailto:andrea.ray@noaa.gov


 

thanks!  we'll cover a few things and Ben will join by phone when he's done with his other
meeting at 2:30

 

On Mon, May 15, 2017 at 2:55 PM, Guinotte, John <john_guinotte@fws.gov> wrote:

Yes, that will work for me.

Best, John

John Guinotte
Fish and Wildlife Biologist

Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region 6

134 Union Blvd., Lakewood, CO 80228

303-236-4264
john_guinotte@fws.gov

                  

 

On Mon, May 15, 2017 at 2:22 PM, Stephen Torbit <Stephen_Torbit@fws.gov> wrote:

Andrea, I can start later, prefer 2 pm if possible.   But I think we might go a bit late and know how
long it takes to get back to Golden area on 93 on Friday afternoons.

 

John, we may need to have dinner in Boulder after the NOAA meeting so that traffic can run its
course.  Can you meet later as Andrea has suggested?

 

Steve

 

Stephen C. Torbit

Assistant Regional Director

mailto:john_guinotte@fws.gov
tel:(303)%20236-4264
mailto:john_guinotte@fws.gov
mailto:Stephen_Torbit@fws.gov


Science Applications

U.S. Fish and Wildlife Service

134 Union Blvd.

Lakewood, Colorado 80228

303-236-4602 – Office

720-626-7504 – Cell

 

From: Andrea Ray - NOAA Federal [mailto:andrea.ray@noaa.gov] 
Sent: Saturday, May 13, 2017 12:36 PM
To: Stephen Torbit; John Guinotte; Joseph Barsugli
Subject: Re: Friday 19 May 1:30-3:30 Re: Wolverine Report 5MAY 2017 -- including Exec. Summary

 

Turns out that Ben scheduled something until 2:30 while we were sorting out time.  So --
could we start a little later?  He can join us by phone at 2:30, but I worry that his other
meeting may run late.  Could we start at 2 or 2:30?  we'll have a few things to go over that
don't include Ben, but we'll need him for part of this.

 

Let me know, thanks for patience with herding cats.  Andrea

 

On Fri, May 12, 2017 at 2:26 PM, Andrea Ray - NOAA Federal <andrea.ray@noaa.gov>
wrote:

Hi All, we'll have a FWS Wolverine project meeting next Friday 19 May 1:30-3:30 in the
usual room, 1D708.  You should have a googlecal invitation too.

 

Let me know if anyone will not be here in person and needs to be on via Go-to-meeting, I
haven't set that up, but I can. 

 

Andrea

 

 

 

tel:(303)%20236-4602
tel:(720)%20626-7504
mailto:andrea.ray@noaa.gov
mailto:andrea.ray@noaa.gov


On Wed, May 10, 2017 at 11:05 AM, Andrea Ray - NOAA Federal
<andrea.ray@noaa.gov> wrote:

Hi Steve, I'm sorry to hear about the building, what a mess!  Next Thursday/Friday is fine
with me, and we'll coordinate among ourselves and get back to you about times.  I can tell
you that Thursday afternoon, 18 May from 1-6p is a CIRES science symposium event that
will involve most of the team, so it would be better to do it in the morning or Friday.  

 

and -- welcome back.  Andrea

 

On Wed, May 10, 2017 at 8:28 AM, Stephen Torbit <Stephen_Torbit@fws.gov> wrote:

Morning everyone.  FWS was hit hard by the hail on Monday afternoon.  We lost big parts of the

roof of our building and the 6th floor, where all of us work, was flooded.  We had to spend some
time yesterday mopping up and clearing out electronics.   No one can occupy their offices until we

get electricity and fire alarms back on for the 6th floor.  So, John, Kevin and I are working from
home.  I may get a temporary  office next week.

 

This has slowed down our review of your draft report a bit and John, Kevin and I need to review
and huddle here soon.  I suggest that we try and arrange a 2 hour meeting for later next week in
Boulder at your offices to review the report and make decisions and recommendations regarding
the final version.

 

I am thinking Thursday or Friday.   Please let us know what day and time might work best for you
all up there and we will see what we can schedule.

 

Thanks

Steve

 

Stephen C. Torbit

Assistant Regional Director

Science Applications

U.S. Fish and Wildlife Service

mailto:andrea.ray@noaa.gov
mailto:Stephen_Torbit@fws.gov


134 Union Blvd.

Lakewood, Colorado 80228

303-236-4602 – Office

720-626-7504 – Cell

 

From: Joe Barsugli [mailto:joseph.barsugli@noaa.gov] 
Sent: Friday, May 05, 2017 2:56 PM
To: Stephen Torbit; Guinotte, John; Andrea Ray; Candida Dewes; Imtiaz Rangwala; Ben Livneh; Aaron
Joseph Heldmyer
Subject: Wolverine Report 5MAY 2017 -- including Exec. Summary

 

Steve, John (and the team)

It has been hectic with me sick and Andrea at a conference, but A new version of the Text
and figures have been uploaded to the drive. 

Numerous changes:

Figures have been updated/fixed, and a couple of figures added to the elevation
dependence discussion for the model output.
Executive Summary has been added to the text.
Numerous comments from John and Kevin were addressed.

The main substantive changes are an expansion of the elevation-dependence discussion in
the modeling section and the addition of the Executive summary. Other changes were either
fixes to figures, or clarifications/re-writing to address comments from John and Kevin. 
There are many of these, and a few sections were re-organized to lead to better flow, but
without changing the underlying content.   

I am attaching a PDF  and DOCX versions of the text here, but the .docx and .pdf version of
text and figures are on the drive.  I have ALSO included a "track changes"  .docx file for
those interested.

We have not gone through this with a fine toothed comb, so there may still be a few small
things.  But Better to get this to you now. 

 

 

Joe

-- 

Joseph Barsugli, Research Scientist III

tel:(303)%20236-4602
tel:(720)%20626-7504
mailto:joseph.barsugli@noaa.gov


CIRES, UCB216

University of Colorado Boulder

Boulder CO 80309

303-497-6042

PSD Science Board and 

Attribution and Predictability Assessments Team Member

 

--

-- 
Andrea J. Ray, Ph.D. 
NOAA Earth System Research Lab, Mailcode R/PSD1 
325 Broadway, Boulder, CO 80305-3328 
(tel) 303-497-6434 
(fax) 303-497-6449 
andrea.ray@noaa.gov

www.researchgate.net/profile/Andrea_Ray2

 

--

-- 
Andrea J. Ray, Ph.D. 
NOAA Earth System Research Lab, Mailcode R/PSD1 
325 Broadway, Boulder, CO 80305-3328 
(tel) 303-497-6434 
(fax) 303-497-6449 
andrea.ray@noaa.gov

www.researchgate.net/profile/Andrea_Ray2

 

--

-- 
Andrea J. Ray, Ph.D. 

tel:(303)%20497-6042
tel:(303)%20497-6434
tel:(303)%20497-6449
mailto:andrea.ray@noaa.gov
http://www.researchgate.net/profile/Andrea_Ray2
tel:(303)%20497-6434
tel:(303)%20497-6449
mailto:andrea.ray@noaa.gov
http://www.researchgate.net/profile/Andrea_Ray2


NOAA Earth System Research Lab, Mailcode R/PSD1 
325 Broadway, Boulder, CO 80305-3328 
(tel) 303-497-6434 
(fax) 303-497-6449 
andrea.ray@noaa.gov

www.researchgate.net/profile/Andrea_Ray2

 

 

--

-- 
Andrea J. Ray, Ph.D. 
NOAA Earth System Research Lab, Mailcode R/PSD1 
325 Broadway, Boulder, CO 80305-3328 
(tel) 303-497-6434 
(fax) 303-497-6449 
andrea.ray@noaa.gov

www.researchgate.net/profile/Andrea_Ray2

-- 
-- 
Andrea J. Ray, Ph.D. 
NOAA Earth System Research Lab, Mailcode R/PSD1 
325 Broadway, Boulder, CO 80305-3328 
(tel) 303-497-6434 
(fax) 303-497-6449 
andrea.ray@noaa.gov
www.researchgate.net/profile/Andrea_Ray2

tel:(303)%20497-6434
tel:(303)%20497-6449
mailto:andrea.ray@noaa.gov
http://www.researchgate.net/profile/Andrea_Ray2
tel:(303)%20497-6434
tel:(303)%20497-6449
mailto:andrea.ray@noaa.gov
http://www.researchgate.net/profile/Andrea_Ray2
mailto:andrea.ray@noaa.gov
http://www.researchgate.net/profile/Andrea_Ray2


From: Google Calendar on behalf of andrea.ray@noaa.gov
To: john_guinotte@fws.gov; joseph.barsugli@noaa.gov; jest6889@colorado.edu; candida.dewes@noaa.gov; beli1098@colorado.edu; stephen_torbit@fws.gov; don.murray@noaa.gov; aahe1976@colorado.edu; kevin_doherty@fws.gov; coury.ditch@noaa.gov;

imtiaz.rangwala@noaa.gov
Subject: FWS Wolverine project meeting - now in 1D403 & updated time 2pm
Attachments: invite.ics

This event has been changed.

more details » <https://www.google.com/calendar/event?
action=VIEW&eid=MnE2M3R1NHFkcHBmOXRyM2w1Mmt1ZThhaG9fMjAxNzA0MTdUMjEwMDAwWiBqb2huX2d1aW5vdHRlQGZ3cy5nb3Y&tok=MTkjYW5kcmVhLnJheUBub2FhLmdvdjJmYjJiOTJkMjQ3ODc0M2E3ZjVmMTZkY2ZhZDY5NTQ5MjI2ZmE2NDA&ctz=America/Denver&hl=en> 

Changed: FWS Wolverine project meeting - now in 1D403 & updated time 2pm

Changed: We've been bumped to 1D403, which is on a side hall before you get to the usual room 

Please join my meeting from your computer, tablet or smartphone.
https://global.gotomeeting.com/join/925942125 <https://www.google.com/url?q=https%3A%2F%2Fglobal.gotomeeting.com%2Fjoin%2F925942125&sa=D&ust=1494968909247000&usg=AFQjCNEWwewRD8gAlvk-ZHVrMvi3ZfcrCg> 

You can also dial in using your phone.
United States +1 (408) 650-3123

Access Code: 925-942-125

When
Fri May 19, 2017 2pm – 4pm Mountain Time 
Where
Changed: DSRC 1D403 go-to meeting (map <https://maps.google.com/maps?q=DSRC+1D403+go-to+meeting&hl=en> ) 
Calendar
john_guinotte@fws.gov 
Who
• andrea.ray@noaa.gov
- organizer
• joseph.barsugli@noaa.gov
• jest6889@colorado.edu
• candida.dewes@noaa.gov
• beli1098@colorado.edu
• john_guinotte@fws.gov
• stephen_torbit@fws.gov
• don.murray@noaa.gov
• aahe1976@colorado.edu
• kevin_doherty@fws.gov
• coury.ditch@noaa.gov
• imtiaz.rangwala@noaa.gov

Going?   
Yes <https://www.google.com/calendar/event?
action=RESPOND&eid=MnE2M3R1NHFkcHBmOXRyM2w1Mmt1ZThhaG9fMjAxNzA0MTdUMjEwMDAwWiBqb2huX2d1aW5vdHRlQGZ3cy5nb3Y&rst=1&tok=MTkjYW5kcmVhLnJheUBub2FhLmdvdjJmYjJiOTJkMjQ3ODc0M2E3ZjVmMTZkY2ZhZDY5NTQ5MjI2ZmE2NDA&ctz=America/Denver&hl=en> 
- 
Maybe <https://www.google.com/calendar/event?
action=RESPOND&eid=MnE2M3R1NHFkcHBmOXRyM2w1Mmt1ZThhaG9fMjAxNzA0MTdUMjEwMDAwWiBqb2huX2d1aW5vdHRlQGZ3cy5nb3Y&rst=3&tok=MTkjYW5kcmVhLnJheUBub2FhLmdvdjJmYjJiOTJkMjQ3ODc0M2E3ZjVmMTZkY2ZhZDY5NTQ5MjI2ZmE2NDA&ctz=America/Denver&hl=en> 
- 
No <https://www.google.com/calendar/event?
action=RESPOND&eid=MnE2M3R1NHFkcHBmOXRyM2w1Mmt1ZThhaG9fMjAxNzA0MTdUMjEwMDAwWiBqb2huX2d1aW5vdHRlQGZ3cy5nb3Y&rst=2&tok=MTkjYW5kcmVhLnJheUBub2FhLmdvdjJmYjJiOTJkMjQ3ODc0M2E3ZjVmMTZkY2ZhZDY5NTQ5MjI2ZmE2NDA&ctz=America/Denver&hl=en>    
more options » <https://www.google.com/calendar/event?
action=VIEW&eid=MnE2M3R1NHFkcHBmOXRyM2w1Mmt1ZThhaG9fMjAxNzA0MTdUMjEwMDAwWiBqb2huX2d1aW5vdHRlQGZ3cy5nb3Y&tok=MTkjYW5kcmVhLnJheUBub2FhLmdvdjJmYjJiOTJkMjQ3ODc0M2E3ZjVmMTZkY2ZhZDY5NTQ5MjI2ZmE2NDA&ctz=America/Denver&hl=en> 

Invitation from Google Calendar <https://www.google.com/calendar/> 

You are receiving this email at the account john_guinotte@fws.gov because you are subscribed for updated invitations on calendar john_guinotte@fws.gov.

To stop receiving these emails, please log in to https://www.google.com/calendar/ and change your notification settings for this calendar.

Forwarding this invitation could allow any recipient to modify your RSVP response. Learn More <https://support.google.com/calendar/answer/37135#forwarding> .

mailto:calendar-notification@google.com
mailto:andrea.ray@noaa.gov
mailto:john_guinotte@fws.gov
mailto:joseph.barsugli@noaa.gov
mailto:jenna.r.stewart@colorado.edu
mailto:candida.dewes@noaa.gov
mailto:ben.livneh@colorado.edu
mailto:stephen_torbit@fws.gov
mailto:don.murray@noaa.gov
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mailto:coury.ditch@noaa.gov
mailto:imtiaz.rangwala@noaa.gov


Attachment 20170516 130846_EM_FWS Wolverine project meeting - now in 1D403 .ics (3492 Bytes) cannot be converted to PDF format.



From: Andrea Ray - NOAA Federal
To: Steve Torbit; John Guinotte; Ben Livneh; Joseph Barsugli; Candida Dewes - NOAA Affiliate; Imtiaz Rangwala;

Aaron Joseph Heldmyer
Subject: Friday 19 May 2-4 Wolverine & possible "snow date" Wolverine
Date: Tuesday, May 16, 2017 4:33:39 PM

Hi all, just wanted to confirm that we're on for a slightly later time, 2p, to discuss the
wolverine report with FWS , and we'll be in 1D708 instead of the usual room.  John and Steve
will be here in person, barring weather...

And speaking of weather -- there's a chance of a fair amount of snow on thurs night into
Friday.  I just checked in with Klaus Wolter, and he's working up a forecast now.  He says it
could be "historic" -- the NOAA people will know that this is partly Klaus' enthusiasm for
snow, but also the risks he's seeing in the models.  the area had 19" of snow in  late may1931
he says, so its not without precedent!  (FWS, I'll forward the message from Klaus when I get
it).   NWS isn't saying anything yet.  I'd caution that any snow that does fall will land on warm
pavement, and the low thursday night is a little above freezing - it will take a bit of snow for it
to stick and persist until Friday afternoon.  But I'm not the expert!

if weather cancels this, we might have the meeting anyway by go-to meeting (its reserved)--
but I'd like to hold our usual time, 3-5p on Monday, as a back up -- let me know if that doesnt
work for you or if you could only be in the meeting part of the time,

Thanks, Andrea
-- 
-- 
Andrea J. Ray, Ph.D. 
NOAA Earth System Research Lab, Mailcode R/PSD1 
325 Broadway, Boulder, CO 80305-3328 
(tel) 303-497-6434 
(fax) 303-497-6449 
andrea.ray@noaa.gov
www.researchgate.net/profile/Andrea_Ray2

mailto:andrea.ray@noaa.gov
mailto:Stephen_Torbit@fws.gov
mailto:john_guinotte@fws.gov
mailto:ben.livneh@colorado.edu
mailto:joseph.barsugli@noaa.gov
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mailto:imtiaz.rangwala@noaa.gov
mailto:Aaron.Heldmyer@colorado.edu
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From: Google Calendar on behalf of andrea.ray@noaa.gov
To: john_guinotte@fws.gov; jest6889@colorado.edu; stephen_torbit@fws.gov; beli1098@colorado.edu; don.murray@noaa.gov; aahe1976@colorado.edu; joseph.barsugli@noaa.gov; candida.dewes@noaa.gov; imtiaz.rangwala@noaa.gov;

coury.ditch@noaa.gov
Subject: HOLD alt FWS Wolverine meeting -- in case Friday is snowed out
Attachments: invite.ics

more details » <https://www.google.com/calendar/event?
action=VIEW&eid=dTVnb3N1NXRmODliMmdyOGlhY3NpMmU4NDAgam9obl9ndWlub3R0ZUBmd3MuZ292&tok=MTkjYW5kcmVhLnJheUBub2FhLmdvdjI5YTk4MTdkODljNzI1NmUzOWFjYzAzODRhOTk5OTc0N2ZlOWFlNGY&ctz=America/Denver&hl=en> 

HOLD alt FWS Wolverine meeting -- in case Friday is snowed out

Holding this time in case Steve and John can't make it here on Friday afternoon

https://global.gotomeeting.com/join/925942125 <https://www.google.com/url?q=https%3A%2F%2Fglobal.gotomeeting.com%2Fjoin%2F925942125&sa=D&ust=1494984230360000&usg=AFQjCNEFr3C0T3NKu53QR6k2SkjEH0o__Q> 
You can also dial in using your phone.
United States +1 (408) 650-3123
Access Code: 925-942-125

When
Mon May 22, 2017 3pm – 4pm Mountain Time 
Where
DSRC - 1D708 (map <https://maps.google.com/maps?q=DSRC+-+1D708&hl=en> ) 
Calendar
john_guinotte@fws.gov 
Who
• andrea.ray@noaa.gov
- organizer
• jest6889@colorado.edu
• john_guinotte@fws.gov
• stephen_torbit@fws.gov
• beli1098@colorado.edu
• don.murray@noaa.gov
• aahe1976@colorado.edu
• joseph.barsugli@noaa.gov
• candida.dewes@noaa.gov
• imtiaz.rangwala@noaa.gov
• coury.ditch@noaa.gov

Going?   
Yes <https://www.google.com/calendar/event?
action=RESPOND&eid=dTVnb3N1NXRmODliMmdyOGlhY3NpMmU4NDAgam9obl9ndWlub3R0ZUBmd3MuZ292&rst=1&tok=MTkjYW5kcmVhLnJheUBub2FhLmdvdjI5YTk4MTdkODljNzI1NmUzOWFjYzAzODRhOTk5OTc0N2ZlOWFlNGY&ctz=America/Denver&hl=en> 
- 
Maybe <https://www.google.com/calendar/event?
action=RESPOND&eid=dTVnb3N1NXRmODliMmdyOGlhY3NpMmU4NDAgam9obl9ndWlub3R0ZUBmd3MuZ292&rst=3&tok=MTkjYW5kcmVhLnJheUBub2FhLmdvdjI5YTk4MTdkODljNzI1NmUzOWFjYzAzODRhOTk5OTc0N2ZlOWFlNGY&ctz=America/Denver&hl=en> 
- 
No <https://www.google.com/calendar/event?
action=RESPOND&eid=dTVnb3N1NXRmODliMmdyOGlhY3NpMmU4NDAgam9obl9ndWlub3R0ZUBmd3MuZ292&rst=2&tok=MTkjYW5kcmVhLnJheUBub2FhLmdvdjI5YTk4MTdkODljNzI1NmUzOWFjYzAzODRhOTk5OTc0N2ZlOWFlNGY&ctz=America/Denver&hl=en>    
more options » <https://www.google.com/calendar/event?
action=VIEW&eid=dTVnb3N1NXRmODliMmdyOGlhY3NpMmU4NDAgam9obl9ndWlub3R0ZUBmd3MuZ292&tok=MTkjYW5kcmVhLnJheUBub2FhLmdvdjI5YTk4MTdkODljNzI1NmUzOWFjYzAzODRhOTk5OTc0N2ZlOWFlNGY&ctz=America/Denver&hl=en> 

Invitation from Google Calendar <https://www.google.com/calendar/> 

You are receiving this email at the account john_guinotte@fws.gov because you are subscribed for invitations on calendar john_guinotte@fws.gov.

To stop receiving these emails, please log in to https://www.google.com/calendar/ and change your notification settings for this calendar.

Forwarding this invitation could allow any recipient to modify your RSVP response. Learn More <https://support.google.com/calendar/answer/37135#forwarding> .

mailto:calendar-notification@google.com
mailto:andrea.ray@noaa.gov
mailto:john_guinotte@fws.gov
mailto:jenna.r.stewart@colorado.edu
mailto:stephen_torbit@fws.gov
mailto:ben.livneh@colorado.edu
mailto:don.murray@noaa.gov
mailto:aaron.heldmyer@colorado.edu
mailto:joseph.barsugli@noaa.gov
mailto:candida.dewes@noaa.gov
mailto:imtiaz.rangwala@noaa.gov
mailto:coury.ditch@noaa.gov


Attachment 20170516 172410_EM_HOLD alt FWS Wolverine meeting -- in case Fri.ics (2954 Bytes) cannot be converted to PDF format.



From: Google Calendar on behalf of andrea.ray@noaa.gov
To: john_guinotte@fws.gov
Subject: HOLD alt FWS Wolverine meeting -- in case Friday is snowed out
Attachments: invite.ics

This event has been canceled and removed from your calendar.

HOLD alt FWS Wolverine meeting -- in case Friday is snowed out

Holding this time in case Steve and John can't make it here on Friday afternoon

https://global.gotomeeting.com/join/925942125 <https://www.google.com/url?
q=https%3A%2F%2Fglobal.gotomeeting.com%2Fjoin%2F925942125&sa=D&ust=1495050980297000&usg=AFQjCNHdzxoExR7qCpRuAru8cINTXbzF-
g> 
You can also dial in using your phone.
United States +1 (408) 650-3123
Access Code: 925-942-125

When
Mon May 22, 2017 3pm – 4pm Mountain Time 
Where
DSRC - 1D708 (map <https://maps.google.com/maps?q=DSRC+-+1D708&hl=en> ) 
Calendar
john_guinotte@fws.gov 
Who
• andrea.ray@noaa.gov
- organizer
• jest6889@colorado.edu
• candida.dewes@noaa.gov
• coury.ditch@noaa.gov
• don.murray@noaa.gov
• beli1098@colorado.edu
• john_guinotte@fws.gov
• joseph.barsugli@noaa.gov
• imtiaz.rangwala@noaa.gov
• aahe1976@colorado.edu
• stephen_torbit@fws.gov
Invitation from Google Calendar <https://www.google.com/calendar/> 

You are receiving this email at the account john_guinotte@fws.gov because you are subscribed for cancellations on calendar john_guinotte@fws.gov.

To stop receiving these emails, please log in to https://www.google.com/calendar/ and change your notification settings for this calendar.

Forwarding this invitation could allow any recipient to modify your RSVP response. Learn More
<https://support.google.com/calendar/answer/37135#forwarding> .

mailto:calendar-notification@google.com
mailto:andrea.ray@noaa.gov
mailto:john_guinotte@fws.gov


Attachment 20170517 115631_EM_HOLD alt FWS Wolverine meeting -- in case Fri.ics (2559 Bytes) cannot be converted to PDF format.



From: Bush, Jodi
To: Stephen Torbit
Cc: Betty Grizzle; Justin Shoemaker
Subject: Re: Information on the Wolverine Genetic research
Date: Thursday, May 18, 2017 2:23:54 PM

ok.  I sent on the questions with a little explanation so they can likely wait a little bit.  

Snow missed us in Helena but hit missoula and elsewhere - it just rained like heck.  Be safe.
JB 

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Thu, May 18, 2017 at 2:13 PM, Stephen Torbit <Stephen_Torbit@fws.gov> wrote:

I can send some info from Betty that I edited, but there have been developments we should talk
about.  I am jammed up  with wolverine climate stuff for the next couple of days, so maybe we can
discuss next week when Betty is  in Denver.   Glad she is coming next week, we are getting
slammed with snow.

 

Stephen Torbit Ph.D.
ARD - Science Applications
Region 6
Fish and Wildlife Service
Office: 303-236-4602
Cell: 720-626-7504
stephen_torbit@fws.gov

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Thursday, May 18, 2017 2:10 PM
To: Betty Grizzle; Stephen Torbit
Cc: Justin Shoemaker
Subject: Information on the Wolverine Genetic research

 

Hey folks- do we have a short writeup on what we are trying to do for the Wolverine genetic
work? I'm getting asked questions by our other regions (Noreen has asked for money and
they want to know what they are paying for), and want to provide them with a succinct
response.  Thanks. JB

mailto:jodi_bush@fws.gov
mailto:Stephen_Torbit@fws.gov
mailto:betty_grizzle@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:Stephen_Torbit@fws.gov
mailto:stephen_torbit@fws.gov
mailto:jodi_bush@fws.gov


Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 



more details »

From: Andrea Ray - NOAA Federal
To: Guinotte, John
Cc: Stephen Torbit
Subject: Re: Invitation: HOLD alt FWS Wolverine meeting -- in case Friday is snowe... @ Mon May 22, 2017 3pm - 4pm

(john_guinotte@fws.gov)
Date: Thursday, May 18, 2017 8:14:48 PM

Hi John and Steve, I'm more optimistic about meeting Friday afternoon, so lets check in mid
morning when we've got a better sense of things.

NWS has backed off the winter storm warning to end earlier tomorrow, around noon, and
they're now saying "Snowfall intensity is expected to decrease overnight with light to
occasional moderate snow at times late tonight Friday morning." It's barely going to get below
freezing tonight.

Safety should be the priority of course! If you can't come up, I'd suggest we go ahead using the
go-to meeting, b/c its going to be tricky to get everyone together. I haven't checked others'
schedules yet. I'm out of the office Wed-Fri next week, although there's some times when I
could call in on Wednesday, and in the morning on Thursday and Friday.  

So lets see how the weather is tomorrow, and hopefully this will work!

Andrea

On Wed, May 17, 2017 at 6:01 AM, Guinotte, John <john_guinotte@fws.gov> wrote:
Hi Andrea,
If we get snowed out on Friday, Mon and Tues are bad for Steve and I as we have Betty
Grizzle, the lead wolverine biologist, here for a briefing. Lets hope we are fine for Friday.
Best, John

John Guinotte
Fish and Wildlife Biologist
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region 6
134 Union Blvd., Lakewood, CO 80228
303-236-4264
john_guinotte@fws.gov
                  

On Tue, May 16, 2017 at 5:23 PM, <andrea.ray@noaa.gov> wrote:

HOLD alt FWS Wolverine meeting -- in case Friday is snowed
out
Holding this time in case Steve and John can't make it here on Friday afternoon

https://global.gotomeeting.com/join/925942125
You can also dial in using your phone.
United States +1 (408) 650-3123
Access Code: 925-942-125

https://www.google.com/calendar/event?action=VIEW&eid=dTVnb3N1NXRmODliMmdyOGlhY3NpMmU4NDAgam9obl9ndWlub3R0ZUBmd3MuZ292&tok=MTkjYW5kcmVhLnJheUBub2FhLmdvdjI5YTk4MTdkODljNzI1NmUzOWFjYzAzODRhOTk5OTc0N2ZlOWFlNGY&ctz=America/Denver&hl=en
mailto:andrea.ray@noaa.gov
mailto:john_guinotte@fws.gov
mailto:Stephen_Torbit@fws.gov
mailto:john_guinotte@fws.gov
tel:(303)%20236-4264
mailto:john_guinotte@fws.gov
mailto:andrea.ray@noaa.gov
https://www.google.com/url?q=https%3A%2F%2Fglobal.gotomeeting.com%2Fjoin%2F925942125&sa=D&ust=1494984230360000&usg=AFQjCNEFr3C0T3NKu53QR6k2SkjEH0o__Q
tel:(408)%20650-3123


When Mon May 22, 2017 3pm – 4pm Mountain Time

Where DSRC - 1D708 (map)

Calendar john_guinotte@fws.gov

Who • andrea.ray@noaa.gov - organizer

• jest6889@colorado.edu
• john_guinotte@fws.gov
• stephen_torbit@fws.gov
• beli1098@colorado.edu
• don.murray@noaa.gov
• aahe1976@colorado.edu
• joseph.barsugli@noaa.gov
• candida.dewes@noaa.gov
• imtiaz.rangwala@noaa.gov
• coury.ditch@noaa.gov

Going?   Yes  - Maybe  - No    more options »

Invitation from Google Calendar

You are receiving this email at the account john_guinotte@fws.gov because you are subscribed for invitations on
calendar john_guinotte@fws.gov.

To stop receiving these emails, please log in to https://www.google.com/calendar/ and change your notification
settings for this calendar.

Forwarding this invitation could allow any recipient to modify your RSVP response. Learn More.

-- 
-- 
Andrea J. Ray, Ph.D. 
NOAA Earth System Research Lab, Mailcode R/PSD1 
325 Broadway, Boulder, CO 80305-3328 
(tel) 303-497-6434 
(fax) 303-497-6449 
andrea.ray@noaa.gov
www.researchgate.net/profile/Andrea_Ray2

https://maps.google.com/maps?q=DSRC+-+1D708&hl=en
mailto:john_guinotte@fws.gov
mailto:andrea.ray@noaa.gov
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https://www.google.com/calendar/event?action=RESPOND&eid=dTVnb3N1NXRmODliMmdyOGlhY3NpMmU4NDAgam9obl9ndWlub3R0ZUBmd3MuZ292&rst=1&tok=MTkjYW5kcmVhLnJheUBub2FhLmdvdjI5YTk4MTdkODljNzI1NmUzOWFjYzAzODRhOTk5OTc0N2ZlOWFlNGY&ctz=America/Denver&hl=en
https://www.google.com/calendar/event?action=RESPOND&eid=dTVnb3N1NXRmODliMmdyOGlhY3NpMmU4NDAgam9obl9ndWlub3R0ZUBmd3MuZ292&rst=3&tok=MTkjYW5kcmVhLnJheUBub2FhLmdvdjI5YTk4MTdkODljNzI1NmUzOWFjYzAzODRhOTk5OTc0N2ZlOWFlNGY&ctz=America/Denver&hl=en
https://www.google.com/calendar/event?action=RESPOND&eid=dTVnb3N1NXRmODliMmdyOGlhY3NpMmU4NDAgam9obl9ndWlub3R0ZUBmd3MuZ292&rst=2&tok=MTkjYW5kcmVhLnJheUBub2FhLmdvdjI5YTk4MTdkODljNzI1NmUzOWFjYzAzODRhOTk5OTc0N2ZlOWFlNGY&ctz=America/Denver&hl=en
https://www.google.com/calendar/event?action=VIEW&eid=dTVnb3N1NXRmODliMmdyOGlhY3NpMmU4NDAgam9obl9ndWlub3R0ZUBmd3MuZ292&tok=MTkjYW5kcmVhLnJheUBub2FhLmdvdjI5YTk4MTdkODljNzI1NmUzOWFjYzAzODRhOTk5OTc0N2ZlOWFlNGY&ctz=America/Denver&hl=en
https://www.google.com/calendar/
mailto:john_guinotte@fws.gov
mailto:john_guinotte@fws.gov
https://www.google.com/calendar/
https://support.google.com/calendar/answer/37135#forwarding
mailto:andrea.ray@noaa.gov
http://www.researchgate.net/profile/Andrea_Ray2


From: Stephen Torbit
To: Andrea Ray - NOAA Federal
Cc: Guinotte, John
Subject: Re: Invitation: HOLD alt FWS Wolverine meeting -- in case Friday is snowe... @ Mon May 22, 2017 3pm - 4pm

(john_guinotte@fws.gov)
Date: Thursday, May 18, 2017 9:10:14 PM

I think we will be good.   There was a big mtn. lion meeting in Estes today and I talked to the
wolverine guy from Montana that was in Estes.   He made it down just fine tonight, so I think
we will be fine, but will check in at mid-morning.

Sent from my iPad

On May 18, 2017, at 8:14 PM, Andrea Ray - NOAA Federal <andrea.ray@noaa.gov> wrote:

Hi John and Steve, I'm more optimistic about meeting Friday afternoon, so lets
check in mid morning when we've got a better sense of things.

NWS has backed off the winter storm warning to end earlier tomorrow, around
noon, and they're now saying "Snowfall intensity is expected to decrease
overnight with light to occasional moderate snow at times late tonight Friday
morning." It's barely going to get below freezing tonight.

Safety should be the priority of course! If you can't come up, I'd suggest we go
ahead using the go-to meeting, b/c its going to be tricky to get everyone together.
I haven't checked others' schedules yet. I'm out of the office Wed-Fri next week,
although there's some times when I could call in on Wednesday, and in the
morning on Thursday and Friday.  

So lets see how the weather is tomorrow, and hopefully this will work!

Andrea

On Wed, May 17, 2017 at 6:01 AM, Guinotte, John <john_guinotte@fws.gov>
wrote:

Hi Andrea,
If we get snowed out on Friday, Mon and Tues are bad for Steve and I as we
have Betty Grizzle, the lead wolverine biologist, here for a briefing. Lets hope
we are fine for Friday.
Best, John

John Guinotte
Fish and Wildlife Biologist
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region 6
134 Union Blvd., Lakewood, CO 80228
303-236-4264
john_guinotte@fws.gov

mailto:stephen_torbit@fws.gov
mailto:andrea.ray@noaa.gov
mailto:john_guinotte@fws.gov
mailto:andrea.ray@noaa.gov
mailto:john_guinotte@fws.gov
tel:(303)%20236-4264
mailto:john_guinotte@fws.gov


more details »

                  

On Tue, May 16, 2017 at 5:23 PM, <andrea.ray@noaa.gov> wrote:

HOLD alt FWS Wolverine meeting -- in case Friday
is snowed out
Holding this time in case Steve and John can't make it here on Friday afternoon

https://global.gotomeeting.com/join/925942125
You can also dial in using your phone.
United States +1 (408) 650-3123
Access Code: 925-942-125

When Mon May 22, 2017 3pm – 4pm Mountain Time

Where DSRC - 1D708 (map)

Calendar john_guinotte@fws.gov

Who • andrea.ray@noaa.gov - organizer

• jest6889@colorado.edu
• john_guinotte@fws.gov
• stephen_torbit@fws.gov
• beli1098@colorado.edu
• don.murray@noaa.gov
• aahe1976@colorado.edu
• joseph.barsugli@noaa.gov
• candida.dewes@noaa.gov
• imtiaz.rangwala@noaa.gov
• coury.ditch@noaa.gov

Going?   Yes  - Maybe  - No    more options »

Invitation from Google Calendar

You are receiving this email at the account john_guinotte@fws.gov because you are subscribed for
invitations on calendar john_guinotte@fws.gov.

To stop receiving these emails, please log in to https://www.google.com/calendar/ and change your
notification settings for this calendar.

Forwarding this invitation could allow any recipient to modify your RSVP response. Learn More.

-- 
-- 
Andrea J. Ray, Ph.D. 
NOAA Earth System Research Lab, Mailcode R/PSD1 
325 Broadway, Boulder, CO 80305-3328 
(tel) 303-497-6434 
(fax) 303-497-6449 
andrea.ray@noaa.gov

https://www.google.com/calendar/event?action=VIEW&eid=dTVnb3N1NXRmODliMmdyOGlhY3NpMmU4NDAgam9obl9ndWlub3R0ZUBmd3MuZ292&tok=MTkjYW5kcmVhLnJheUBub2FhLmdvdjI5YTk4MTdkODljNzI1NmUzOWFjYzAzODRhOTk5OTc0N2ZlOWFlNGY&ctz=America/Denver&hl=en
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https://www.google.com/calendar/event?action=RESPOND&eid=dTVnb3N1NXRmODliMmdyOGlhY3NpMmU4NDAgam9obl9ndWlub3R0ZUBmd3MuZ292&rst=3&tok=MTkjYW5kcmVhLnJheUBub2FhLmdvdjI5YTk4MTdkODljNzI1NmUzOWFjYzAzODRhOTk5OTc0N2ZlOWFlNGY&ctz=America/Denver&hl=en
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www.researchgate.net/profile/Andrea_Ray2

http://www.researchgate.net/profile/Andrea_Ray2


From: Andrea Ray - NOAA Federal
To: Stephen Torbit
Cc: Guinotte, John
Subject: Re: Invitation: HOLD alt FWS Wolverine meeting -- in case Friday is snowe... @ Mon May 22, 2017 3pm - 4pm

(john_guinotte@fws.gov)
Date: Friday, May 19, 2017 11:18:00 AM

Confirming we're on??  no indication that roads are an issue up here, although there's places
where there's a lot of water running off.  I thought we might have a lot of branches/trees down,
but doesnt look bad -- it got warm enough while it was snowing yesterday that a lot of the
snow on leaves fell off.  

thanks, Andrea

On Thu, May 18, 2017 at 9:10 PM, Stephen Torbit <stephen_torbit@fws.gov> wrote:
I think we will be good.   There was a big mtn. lion meeting in Estes today and I talked to
the wolverine guy from Montana that was in Estes.   He made it down just fine tonight, so I
think we will be fine, but will check in at mid-morning.

Sent from my iPad

On May 18, 2017, at 8:14 PM, Andrea Ray - NOAA Federal <andrea.ray@noaa.gov>
wrote:

Hi John and Steve, I'm more optimistic about meeting Friday afternoon, so lets
check in mid morning when we've got a better sense of things.

NWS has backed off the winter storm warning to end earlier tomorrow, around
noon, and they're now saying "Snowfall intensity is expected to decrease
overnight with light to occasional moderate snow at times late tonight Friday
morning." It's barely going to get below freezing tonight.

Safety should be the priority of course! If you can't come up, I'd suggest we go
ahead using the go-to meeting, b/c its going to be tricky to get everyone
together. I haven't checked others' schedules yet. I'm out of the office Wed-Fri
next week, although there's some times when I could call in on Wednesday, and
in the morning on Thursday and Friday.  

So lets see how the weather is tomorrow, and hopefully this will work!

Andrea

On Wed, May 17, 2017 at 6:01 AM, Guinotte, John <john_guinotte@fws.gov>
wrote:

Hi Andrea,
If we get snowed out on Friday, Mon and Tues are bad for Steve and I as we
have Betty Grizzle, the lead wolverine biologist, here for a briefing. Lets hope
we are fine for Friday.

mailto:andrea.ray@noaa.gov
mailto:stephen_torbit@fws.gov
mailto:john_guinotte@fws.gov
mailto:stephen_torbit@fws.gov
mailto:andrea.ray@noaa.gov
mailto:john_guinotte@fws.gov


more details »

Best, John

John Guinotte
Fish and Wildlife Biologist
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region 6
134 Union Blvd., Lakewood, CO 80228
303-236-4264
john_guinotte@fws.gov
                  

On Tue, May 16, 2017 at 5:23 PM, <andrea.ray@noaa.gov> wrote:

HOLD alt FWS Wolverine meeting -- in case
Friday is snowed out
Holding this time in case Steve and John can't make it here on Friday afternoon

https://global.gotomeeting.com/join/925942125
You can also dial in using your phone.
United States +1 (408) 650-3123
Access Code: 925-942-125

When Mon May 22, 2017 3pm – 4pm Mountain Time

Where DSRC - 1D708 (map)

Calendar john_guinotte@fws.gov

Who • andrea.ray@noaa.gov - organizer

• jest6889@colorado.edu
• john_guinotte@fws.gov
• stephen_torbit@fws.gov
• beli1098@colorado.edu
• don.murray@noaa.gov
• aahe1976@colorado.edu
• joseph.barsugli@noaa.gov
• candida.dewes@noaa.gov
• imtiaz.rangwala@noaa.gov
• coury.ditch@noaa.gov

Going?   Yes  - Maybe  - No    more options »

Invitation from Google Calendar

You are receiving this email at the account john_guinotte@fws.gov because you are subscribed
for invitations on calendar john_guinotte@fws.gov.
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325 Broadway, Boulder, CO 80305-3328 
(tel) 303-497-6434 
(fax) 303-497-6449 
andrea.ray@noaa.gov
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Andrea J. Ray, Ph.D. 
NOAA Earth System Research Lab, Mailcode R/PSD1 
325 Broadway, Boulder, CO 80305-3328 
(tel) 303-497-6434 
(fax) 303-497-6449 
andrea.ray@noaa.gov
www.researchgate.net/profile/Andrea_Ray2
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From: Stephen Torbit
To: Andrea Ray - NOAA Federal
Cc: John Guinotte
Subject: RE: Invitation: HOLD alt FWS Wolverine meeting -- in case Friday is snowe... @ Mon May 22, 2017 3pm - 4pm

(john_guinotte@fws.gov)
Date: Friday, May 19, 2017 12:03:57 PM

We are on, we will be leaving at 1 to get to Boulder.  We will see you soon.
 
Stephen C. Torbit
Assistant Regional Director
Science Applications
U.S. Fish and Wildlife Service
134 Union Blvd.
Lakewood, Colorado 80228
303-236-4602 – Office
720-626-7504 – Cell
 
From: Andrea Ray - NOAA Federal [mailto:andrea.ray@noaa.gov] 
Sent: Friday, May 19, 2017 11:18 AM
To: Stephen Torbit
Cc: Guinotte, John
Subject: Re: Invitation: HOLD alt FWS Wolverine meeting -- in case Friday is snowe... @ Mon May 22,
2017 3pm - 4pm (john_guinotte@fws.gov)
 
Confirming we're on??  no indication that roads are an issue up here, although there's places
where there's a lot of water running off.  I thought we might have a lot of branches/trees down,
but doesnt look bad -- it got warm enough while it was snowing yesterday that a lot of the
snow on leaves fell off.  
 
thanks, Andrea
 
On Thu, May 18, 2017 at 9:10 PM, Stephen Torbit <stephen_torbit@fws.gov> wrote:
I think we will be good.   There was a big mtn. lion meeting in Estes today and I talked to the
wolverine guy from Montana that was in Estes.   He made it down just fine tonight, so I think
we will be fine, but will check in at mid-morning.

Sent from my iPad

On May 18, 2017, at 8:14 PM, Andrea Ray - NOAA Federal <andrea.ray@noaa.gov> wrote:

Hi John and Steve, I'm more optimistic about meeting Friday afternoon, so lets
check in mid morning when we've got a better sense of things.
 
NWS has backed off the winter storm warning to end earlier tomorrow, around
noon, and they're now saying "Snowfall intensity is expected to decrease
overnight with light to occasional moderate snow at times late tonight Friday
morning." It's barely going to get below freezing tonight.
 
Safety should be the priority of course! If you can't come up, I'd suggest we go
ahead using the go-to meeting, b/c its going to be tricky to get everyone together.
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I haven't checked others' schedules yet. I'm out of the office Wed-Fri next week,
although there's some times when I could call in on Wednesday, and in the
morning on Thursday and Friday.  
 
So lets see how the weather is tomorrow, and hopefully this will work!
 
Andrea
 
 
 
On Wed, May 17, 2017 at 6:01 AM, Guinotte, John <john_guinotte@fws.gov>
wrote:
Hi Andrea,
If we get snowed out on Friday, Mon and Tues are bad for Steve and I as we have
Betty Grizzle, the lead wolverine biologist, here for a briefing. Lets hope we are
fine for Friday.
Best, John

John Guinotte
Fish and Wildlife Biologist
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region 6
134 Union Blvd., Lakewood, CO 80228
303-236-4264
john_guinotte@fws.gov
                  
 
On Tue, May 16, 2017 at 5:23 PM, <andrea.ray@noaa.gov> wrote:
more details »
HOLD alt FWS Wolverine meeting -- in case Friday is snowed out
Holding this time in case Steve and John can't make it here on Friday afternoon

https://global.gotomeeting.com/join/925942125
You can also dial in using your phone.
United States +1 (408) 650-3123
Access Code: 925-942-125

When Mon May 22, 2017 3pm – 4pm Mountain Time

Where DSRC - 1D708 (map)

Calendar john_guinotte@fws.gov

Who • andrea.ray@noaa.gov - organizer

• jest6889@colorado.edu
• john_guinotte@fws.gov
• stephen_torbit@fws.gov
• beli1098@colorado.edu
• don.murray@noaa.gov
• aahe1976@colorado.edu
• joseph.barsugli@noaa.gov
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• candida.dewes@noaa.gov
• imtiaz.rangwala@noaa.gov
• coury.ditch@noaa.gov
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notification settings for this calendar.

Forwarding this invitation could allow any recipient to modify your RSVP response. Learn More.
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Andrea J. Ray, Ph.D. 
NOAA Earth System Research Lab, Mailcode R/PSD1 
325 Broadway, Boulder, CO 80305-3328 
(tel) 303-497-6434 
(fax) 303-497-6449 
andrea.ray@noaa.gov
www.researchgate.net/profile/Andrea_Ray2
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Andrea J. Ray, Ph.D. 
NOAA Earth System Research Lab, Mailcode R/PSD1 
325 Broadway, Boulder, CO 80305-3328 
(tel) 303-497-6434 
(fax) 303-497-6449 
andrea.ray@noaa.gov
www.researchgate.net/profile/Andrea_Ray2
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From: Joe Barsugli
To: Guinotte, John; Stephen Torbit; kevin_doherty@fws.gov
Subject: Fwd: Re: DHSVM earlier output (Mar1, MAr15, Arp1 Apr15)
Date: Friday, May 19, 2017 3:06:20 PM

-------- Forwarded Message --------
Subject:Re: DHSVM earlier output

Date:Tue, 16 May 2017 12:15:02 -0600
From:Aaron Joseph Heldmyer <Aaron.Heldmyer@colorado.edu>

Reply-To:Aaron.Heldmyer@colorado.edu
To:Ben Livneh <Ben.Livneh@colorado.edu>

CC:Joe Barsugli <joseph.barsugli@noaa.gov>, Andrea Ray - NOAA Federal
<andrea.ray@noaa.gov>

Hi everyone,

Hot off the presses - ASCII rasters for GLAC and ROMO for Mar 1, Mar 15, Apr 1, and Apr
15 from 1998-2013. I checked over a few maps and they appear reasonable, but please let me
know if there's anything that seems off.

Find them at: FWS - Wolverine > Data and Maps > DHSVM_Delta_Maps > .Mar+Apr

On Sat, May 13, 2017 at 9:10 AM, Aaron Joseph Heldmyer
<Aaron.Heldmyer@colorado.edu> wrote:

Hi all,

I can have these prepared by early next week. Let me know if there are any additional items
you need!

On May 13, 2017 7:31 AM, "Ben Livneh" <Ben.Livneh@colorado.edu> wrote:
Aaron et al.,

I agree we should stick with SWE maps for the sake of the report and publication.
Therefore, I think 1 Mar, 15 Mar, 1 Apr, and 15 Apr should do. 

Ben

On Fri, May 12, 2017 at 5:11 PM, Andrea Ray - NOAA Federal <andrea.ray@noaa.gov>
wrote:

I think April 1st would be a useful comparison b/c so many decisions, and many other
projects are targetted to the 1st of the month. So April 1 might also bolster our paper (s)

would other months be useful for Aaron's MS or dissertation?

  And while I agree with considering what would be useful for other projects -- I don't
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want to do too much ahead on a project that's already at the tail end of funded time

On Fri, May 12, 2017 at 4:19 PM, Joe Barsugli <joseph.barsugli@noaa.gov> wrote:

Ben, 

What do you think is needed?     

For this project, outputting every two weeks from 1MAR onwards is probably fine.   
However, that doesn't capture the snow disappearance date very well if we want to do
more quantitative comparison to MODIS.   I hesitate to output every day, though.    

We could think about other future applications of this snow data including the Lynx,
and the Ptarmigan, though I think the Ptarmigan is problematic as it is really alpine/
above treeline.  Earlier dates might be useful for other projects,  -- maybe for the Lynx
-- as that probably needs more of a duration of snowpack metric, and initiation as well
as melt of the snowpack.  .. just speculating.  Actually re-running again for another
project with significantly more outputs is not out of the question.... just get what we
need for this paper....  

What other variables are we interested in besides SWE for more sophisticated
diagnosis?  Perhaps snow temperature?  Perhaps energy balance terms? 

Joe

On 5/12/2017 4:01 PM, Ben Livneh wrote:

Joe 
I am OK with asking Aaron to rerun the model, as I agree that it will
really help the publication. However, let's try to be sure that we capture
all the outputs/dates we may need.
Ben

Sent from my phone. Please forgive the brevity, the typos, and the lack of
nuance

On May 12, 2017 3:14 PM, "Joe Barsugli" <joseph.barsugli@noaa.gov>
wrote:

Talking to Andrea and just thinking some about this... I think having the
earlier output will help in writing the paper for publication.

Joe
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-- 
Joseph Barsugli, Research Scientist III
CIRES, UCB216
University of Colorado Boulder
Boulder CO 80309
303-497-6042
PSD Science Board and
Attribution and Predictability Assessments Team Member

-- 
Joseph Barsugli, Research Scientist III
CIRES, UCB216
University of Colorado Boulder
Boulder CO 80309
303-497-6042
PSD Science Board and 
Attribution and Predictability Assessments Team Member

-- 
-- 
Andrea J. Ray, Ph.D. 
NOAA Earth System Research Lab, Mailcode R/PSD1 
325 Broadway, Boulder, CO 80305-3328 
(tel) 303-497-6434 
(fax) 303-497-6449 
andrea.ray@noaa.gov
www.researchgate.net/profile/Andrea_Ray2

-- 
Ben Livneh, Ph.D
Assistant Professor, Department of Civil, Environmental, and Architectural Engineering 
 &
Fellow, Cooperative Institute for Research in Environmental Sciences (CIRES)
Campus Box 216 UCB, Ekeley S250C, University of Colorado, Boulder 80309, USA
Phone: 303-735-0288 | http://www.colorado.edu/lab/livneh/

-- 
Aaron Heldmyer

Ph.D. Student, Cooperative Institute for Research in Environmental Sciences (CIRES)
University of Colorado - Boulder
SEEC S263, 4001 Discovery Dr, Boulder, CO 80303
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Phone: 970-361-8406 | E-mail: aaron.heldmyer@colorado.edu

-- 
Joseph Barsugli
Research Scientist III
CIRES, UCB 216
University of Colorado at Boulder
cell:720-244-5922
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From: A J
To: Grizzle, Betty
Subject: Re: Wolverine life expectancy
Date: Monday, May 22, 2017 10:11:59 AM

Hi Betty
I assume you have Rauset, Low, and Persson 2015. That is the paper I was referring to in my
last email. 
All the best 
Audrey

Sent from my iPhone

On May 19, 2017, at 9:33 AM, Grizzle, Betty <betty_grizzle@fws.gov> wrote:

Thanks.  There are several life history demographics (including age of 1st
offspring, maximum age of reproduction, etc.-Table 1) in Nilsson's 2013 PVA
model for Scandinavian populations of bear, lynx, and wolverine, which I have
(and those values are largely derived from Persson).  I will ask Malin specifically
about life expectancy, but it does appear to be variable.

On Thu, May 18, 2017 at 1:44 PM, A J <222wsheridan@gmail.com> wrote:
Hi Betty
I guess the average age of breeding females would depend on what population
you are talking about since trapped populations would have a lower average
age. But for a protected population like most of the western states, I assume that
it might be similar to what Jens had in the mountains in Sweden,although there
were not as many predators so lifespan may be longer there than in the western
states. I know Jens had at least 12-year-olds denning, but I don't know what
would be an average age of breeding females. Not sure what generation time
means specifically.  I would assume (roughly) first breeding at 3 years and
continue breeding through age 12. But I have found fetuses in a 15 year old.
However, Jens would be a much better reference for this statistic. I suggest
writing to Jens or Malin; they will have the best data on this. There is one paper,
which I don't have with me here, that was done in Scandinavia on declining
reproduction in older animals but that does not refer to average age of breeding
females. You probably have that paper but I will look for it and send it when I
find it.

On Thu, May 18, 2017 at 8:06 AM, Grizzle, Betty <betty_grizzle@fws.gov>
wrote:

Hi Audrey - I have been looking for more recent references regarding the life
expectancy of wolverines than the fairly old citations from Pasitschniak-Arts
and Lariviere (1995).
The 2014 COSEWIC report provides a generation time of 7.5, but that is an
estimate of the average age of breeding females in the population. 
Do you know of any other published estimates?

-- 
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Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax

-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax

tel:(760)%20431-9440
tel:(760)%20431-5901


From: Guinotte, John
To: Stephen Torbit
Subject: Fwd: emails discussions
Date: Tuesday, May 23, 2017 1:57:31 PM
Attachments: Attachment B.pdf

Attachment C.pdf
Attachment D.pdf
Attachment E.pdf
Attachment F.pdf
Attachment G.pdf
Attachment H.pdf
Attachment I.pdf
Attachment J.pdf
Attachment L.pdf
Attachment M.pdf
Attachment N.pdf
Attachment O.pdf
Attachment Q.pdf
Attachment S.pdf
Attachment T.pdf
Attachment U.pdf
Attachment V.pdf
Attachment W.pdf
Attachment X.pdf
Attachment Y.pdf
Attachment Z.pdf

John Guinotte
Fish and Wildlife Biologist
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region 6
134 Union Blvd., Lakewood, CO 80228
303-236-4264
john_guinotte@fws.gov
                  

---------- Forwarded message ----------
From: Grizzle, Betty <betty_grizzle@fws.gov>
Date: Wed, Apr 19, 2017 at 9:59 AM
Subject: Fwd: emails discussions
To: John Guinotte <john_guinotte@fws.gov>

---------- Forwarded message ----------
From: A J <222wsheridan@gmail.com>
Date: Tue, Apr 18, 2017 at 3:39 PM
Subject: Re: emails discussions
To: "Grizzle, Betty" <betty_grizzle@fws.gov>

attachments; I don't know how to zip them!

On Tue, Apr 18, 2017 at 2:34 PM, A J <222wsheridan@gmail.com> wrote:
the copy I got did  not have the signature page showing it was signed off

On Tue, Apr 18, 2017 at 2:32 PM, Grizzle, Betty <betty_grizzle@fws.gov> wrote:
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It's cited in Zigouris et al. 2013 publication and in her 2014 dissertation from Trent, but
that's a good question as to whether it was actually finished.  

On Tue, Apr 18, 2017 at 3:23 PM, A J <222wsheridan@gmail.com> wrote:
i'm not sure Frances ever completed that thesis; I got that draft from his advisor Dr.
Cook

On Tue, Apr 18, 2017 at 2:20 PM, Grizzle, Betty <betty_grizzle@fws.gov> wrote:
Thanks again.  Also, just wanted to let you know that the photos in your "Associations
and Movement Patterns of Reproductive Female Wolverines (Gulo gulo luscus) on the
Southeast Alaska Mainland" (Final Report February 2010) were very interesting. But
more importantly, I had been searching (without success) for the Frances 2008 MS
Thesis that is included in that document as an Appendix (the UNM library said it was
missing from their collection!). 

On Tue, Apr 18, 2017 at 3:15 PM, A J <222wsheridan@gmail.com> wrote:
here it is

On Tue, Apr 18, 2017 at 2:08 PM, Grizzle, Betty <betty_grizzle@fws.gov> wrote:
Looking for Attachment (appendix?) A right now.

On Tue, Apr 18, 2017 at 3:05 PM, A J <222wsheridan@gmail.com> wrote:
Here Attachment B; do you need any others?

On Tue, Apr 18, 2017 at 1:33 PM, Grizzle, Betty <betty_grizzle@fws.gov>
wrote:

Thanks Audrey.  I found a few things, but not these (yet).  I am looking at
your peer review comments on previous proposed rule and haven't found your
"Attachment B" yet....will keep looking. 

I apologize for having you search for and resend your earlier comments; I am
trying to be thorough in this new assessment and have many questions about
several analyses.
Betty

On Tue, Apr 18, 2017 at 2:20 PM, A J <222wsheridan@gmail.com> wrote:
Betty
I don't know if you have already seen these from Shawn's files, but these
emails contain a discussion I had with Copeland and McKelvey after some
reluctance on my part to get into such an exchange post-status review. I was
pretty burned out by then on the whole subject. But you may find parts help
answer some of the questions you recently sent. The McKelvey Email file is
emails between Jeff and I until it became apparent that it was better to talk
directly to Kevin and so his responses to me are in blue type in that email.
The McKelvey Email Response file holds my answers back to him in black
type. As you will see, there is little consensus on the matters under
discussion. I had permission from both to share these emails and Shawn
received copies. He had encouraged us to discuss these issues (and others)
hoping to get some resolution of the differences of opinion, but as I
suspected from the start, I don't think anyone changed their minds on
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anything.

-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax
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ATTACHMENT B

Excerpt from comments by Justina Ray as a reviewer for the Canadian Journal of

Zoology on the draft of Copeland et al. (2010) submitted for publication on 17 June 2009

(by permission from Justina Ray, personal communication, April 2013).

2.  Climate and Wolverine Data used for Analyses  

I have multiple concerns about the data used for the analyses, most of which can likely be

addressed by adding explanations/justifications.

a. Date of snow data appears somewhat arbitrary (April 24-May 15) and is actually

at some odds with previously published dates of wolverine den emergence

(Magoun & Copeland paper) which suggest that most kits have emerged a good

deal earlier than May 15---- nearly all den abandonment (n=18 total dens both

natal and maternal) occurred before May.  Hence, more justification is required

for why these dates were used for the snow cover.  There should also be some

direct correspondence between the dates of the actual den data used for this

analysis and the dates of the climate data. Instead, the justification for the dates is

a general statement (“generally corresponds to the period of wolverine den

abandonment” lines 150-151). As the first time compilation of 500 den sites, it

presents a terrific opportunity to collate the known dates of emergence. Also,

since the den data cover a large latitudinal range it would be useful to know if

there is latitudinal variation in post-weaning den abandonment.



From: "Jeff Copeland" <jcopeland224@gmail.com>
Subject: Re: FW: 2007 paper
Date: Fri, February 15, 2013 12:13 pm
To: amagoun@ptialaska.net

Myrberget suggests the 10th of May for abandonment but reports den use as late as the 12th.  I attached the 
paper but found that for some reason my pdf is missing the first page?  Not sure what that's about. 

The Aubry et al. paper states that we choose those dates to represent snow distribution during the "latter portion 
of the denning period," while the Copeland et al. paper equivocated even more by stating that this period 
"generally corresponds to the period of wolverine den abandonment."  The citations, in both cases, were added to 
direct the reader to references for the time of den abandonment.  They were not to suggest that our dates 
corresponded precisely with the time of den abandonment.  I think that is pretty clear in both papers.

jeff

On Fri, Feb 15, 2013 at 1:44 PM, <amagoun@ptialaska.net> wrote:
Thanks, Jeff. Just wanted to know how the dates were arrived at because both the
Aubry et al. 2007 and the Copeland et al. 2010 paper cited the Magoun and Copeland
1998 paper (and Keith also cited the Myrberget 1968 paper) as the source of the
dates and the Magoun and Copeland 1998 paper does not appear to suggest a May 15
date for either Alaska or Idaho. I do not have my hard copy of Myrberget with me in
Oregon? Would you happen to have that one in electronic form that you could send to
me?
Thanks
Audrey

> When we developed this, we considered that weaning occurs 9-10 weeks
> post-parturition.  If parturition occurs late Feb to early Mar, on average,
> then that puts weaning out towards mid-May.  In Glacier we always planned
> our kit capture attempts for around the end of the first week of May.  We
> always found the female and kits still in the den at that time.  The 14 or
> 15th of May date was a bit arbitrary but I think it generally matches the
> time of den abandonment.  As I mentioned earlier, if I was going to error,
> I wanted to do so toward estimating too late rather than too early and I
> did consider this as inclusive of both natal and maternal.  Are you
> concerned that we should have went with a later date?
>
> On Fri, Feb 15, 2013 at 1:18 PM, <amagoun@ptialaska.net> wrote:
>
>>
>>
>> Thanks for the reply and explanation,  Jeff. I realize the need for using
>> multiple
>> days because of cloud cover but what I was hoping to understand better was
>> why
>> start at 14 May and work backwards from there. You stated below that: "we
>> wanted to
>> go as late as we felt comfortable that females might still be associated
>> with the
>> reproductive den." This is actually the crux of why I initially asked the
>> question
>> of Keith. Why were you comfortable with the May 14 (May 15) date as the
>> latest date
>> that females would be associated with the reproductive den (I assume you
>> mean both
>> natal and maternal combined?). What was the source of this date? I can't
>> find any
>> reference for a reproductive den that was used until May 14, with the
>> possible
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>> exception of remnant snow drifts used as maternal dens (or rendezvous
>> sites) and
>> since they were "remnant" snowdrifts/snow patches, one can assume that
>> snow was not
>> completely covering all the area that was around the den. So how did you
>> specifically arrive at 14 May (or 15 May as is stated in the Copeland et
>> al. 2010
>> paper)?
>>
>>
>> > The beginning and ending dates have no specific link to wolverine ecology
>> > other than they were meant to be inclusive of when we would expect the
>> > cessation of denning.  We tended toward choosing a relatively late date
>> on
>> > the latter end (May 14) because doing so would provide a more
>> conservative
>> > estimate for the distribution of snow.  The earlier the ending date the
>> > more snow would be represented and the better the model would fit so we
>> > wanted to go as late as we felt comfortable that females might still be
>> > associated with the reproductive den.
>> >
>> > When using snow data you cannot select a specific date for the analysis
>> > because of the potential for cloud cover.  A cloudy day will obscure the
>> > satellites view of the earth's surface and as such will leave data gaps.
>> >  Although most of my experience is with MODIS data as I did not do the
>> snow
>> > cover analysis for the historical distribution paper I would assume the
>> > same would be true for the EASE data.  As such, you have to develop the
>> > snow layer (or at least we had to at the time) from a multi-day time
>> period
>> > in order to avoid the cloud cover issue.
>> >
>> > Jeff
>> >
>> > On Wed, Feb 13, 2013 at 6:27 PM, Aubry, Keith -FS <kaubry@fs.fed.us>
>> wrote:
>> >
>> >> Jeff or Kevin,
>> >> Can you provide the information that Audrey is looking for here??
>>  Thanks,
>> >> k .
>> >>
>> >> ****************************
>> >> Keith B. Aubry, Ph.D.
>> >> Research Wildlife Biologist
>> >> USDA Forest Service
>> >> Pacific Northwest Research Station
>> >> 3625 93rd Ave. SW
>> >> Olympia, WA  98512
>> >>
>> >> e-mail:  kaubry@fs.fed.us
>> >> Phone/voicemail:  (360) 753-7685
>> >> FAX:  (360) 753-7737
>> >> ***************************************
>> >>
>> >>
>> >> -----Original Message-----
>> >> From: Aubry, Keith -FS
>> >> Sent: Wednesday, February 13, 2013 5:26 PM
>> >> To: 'amagoun@ptialaska.net'
>> >> Subject: RE: 2007 paper
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>> >>
>> >> Audrey
>> >> Actually, I think Jeff was primarily responsible for selecting the final
>> >> dates, so I will have to check with him to answer your question.  Also,
>> I'm
>> >> away from home right now and am leaving for Hawaii early tomorrow
>> morning,
>> >> returning on Wed the 20th, so I really can't answer your question right
>> >> now, anyway.  I'll be back in touch with you on this next week.
>>  Aloha...
>> >>  k.
>> >>
>> >> ****************************
>> >> Keith B. Aubry, Ph.D.
>> >> Research Wildlife Biologist
>> >> USDA Forest Service
>> >> Pacific Northwest Research Station
>> >> 3625 93rd Ave. SWv
>> >> Olympia, WA  98512
>> >>
>> >> e-mail:  kaubry@fs.fed.us
>> >> Phone/voicemail:  (360) 753-7685
>> >> FAX:  (360) 753-7737
>> >> ***************************************
>> >>
>> >> -----Original Message-----
>> >> From: amagoun@ptialaska.net [/src/compose.phpamagoun@ptialaska.net]
>> >> Sent: Wednesday, February 13, 2013 2:10 PM
>> >> To: Aubry, Keith -FS
>> >> Subject: 2007 paper
>> >>
>> >> Hi Keith
>> >> I am reviewing the proposed rule for listing the wolverine that you sent
>> >> to me. I have a question regarding the Aubry et al 2007 paper. In that
>> >> paper the authors
>> >> state:
>> >>
>> >> "We chose the time period from 15 April to 14 May to represent snow
>> cover
>> >> present during the latter portion of the wolverine denning period
>> >> (Myrberget 1968, Magoun and Copeland 1998)."
>> >>
>> >> I can't see where you (others?) arrived at the 14 May date from the
>> >> literature that you cited here. Can you tell me specifically why you
>> used
>> >> 15 April to 14 May, especially the latter part of that period, 1 May -
>> 14
>> >>  May?
>> >> Thanks as always
>> >> Audrey
>> >>
>> >>
>> >>
>> >>
>> >>
>> >>
>> >> This electronic message contains information generated by the USDA
>> solely
>> >> for the intended recipients. Any unauthorized interception of this
>> message
>> >> or the use or disclosure of the information it contains may violate the
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>> law
>> >> and subject the violator to civil or criminal penalties. If you believe
>> you
>> >> have received this message in error, please notify the sender and delete
>> >> the email immediately.
>> >>
>> >>
>> >
>>
>>
>>
>

Attachments:
untitled-[1.1]
Size: 7.9 k
Type: text/plain
myrberget_breeding den of the wolverine.PDF

Size: 1.4 M
Type: application/pdf
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Daily Data Report for February 2004

Latitude: 51°04'01.000" N Longitude: 93°47'35.000" W Elevation: 385.90 m

Climate ID: 6016975 WMO ID: 71854 TC ID: YRL 

RED LAKE A 
ONTARIO 

D 
a 
y

Max 
Temp 

°C 

Min 
Temp 

°C 

Mean 
Temp 

°C 

Heat 
Deg 
Days 

Cool 
Deg 
Days 

Total 
Rain 
mm 

Total 
Snow 

cm 

Total 
Precip 

mm 

Snow 
on Grnd 

cm 

Dir of 
Max 
Gust 
10s 
deg

Spd of 
Max 
Gust 
km/h 

Sum       859.9 0.0 T 16.2 9.8        
Avg -6.3 -17.0 -11.7                  
Xtrm 4.7 -31.8               15 44  

Summary, average and extreme values are based on the data above.

01 -9.9 -17.2 -13.6 31.6 0.0 0.0 T T 46   <31  
02 -13.2 -25.2 -19.2 37.2 0.0 0.0 T T 45   <31  
03 -17.6 -28.7 -23.2 41.2 0.0 0.0 0.6 0.6 45   <31  
04 -12.5 -28.4 -20.5 38.5 0.0 0.0 T T 45   <31  
05 -6.0 -16.4 -11.2 29.2 0.0 0.0 5.8 3.6 46   <31  
06 -9.9 -21.0 -15.5 33.5 0.0 0.0 3.2 1.4 53   <31  
07 -9.0 -31.8 -20.4 38.4 0.0 0.0 T T 51 19 43  
08 -4.3 -9.6 -7.0 25.0 0.0 0.0 0.6 0.3 49 20 32  
09 -6.0 -19.0 -12.5 30.5 0.0 0.0 0.8 0.4 49 32 33  
10 -9.2 -27.7 -18.5 36.5 0.0 0.0 T T 47   <31  
11 -12.7 -26.5 -19.6 37.6 0.0 0.0 0.4 0.2 47   <31  
12 -8.5 -27.6 -18.1 36.1 0.0 0.0 0.0 0.0 46 25 41  
13 -9.5 -22.0 -15.8 33.8 0.0 0.0 T T 46 31 43  
14 -19.8 -30.1 -25.0 43.0 0.0 0.0 0.0 0.0 46   <31  
15 -14.5 -31.6 -23.1 41.1 0.0 0.0 T T 46   <31  
16 -10.5 -18.5 -14.5 32.5 0.0 0.0 0.6 0.6 45   <31  
17 -5.5 -23.5 -14.5 32.5 0.0 0.0 T T 46 15 44  
18 -2.8 -6.5 -4.7 22.7 0.0 0.0 0.6 0.4 46 21 37  
19 -1.6 -8.1 -4.9 22.9 0.0 0.0 T T 45   <31  
20 0.1 -6.2 -3.1 21.1 0.0 0.0 2.4 1.7 45   <31  
21 -4.8 -14.5 -9.7 27.7 0.0 0.0 0.2 0.2 45   <31  
22 -0.8 -14.5 -7.7 25.7 0.0 0.0 1.0 0.4 44   <31  
23 1.3 -6.9 -2.8 20.8 0.0 0.0 T T 44   <31  
24 0.1 -11.4 -5.7 23.7 0.0 0.0 0.0 0.0 44   <31  
25 -2.2 -6.1 -4.2 22.2 0.0 0.0 T T 44   <31  
26 -0.1 -5.5 -2.8 20.8 0.0 0.0 0.0 0.0 44   <31  
27 4.7 -6.7 -1.0 19.0 0.0 0.0 0.0 0.0 44   <31  
28 2.3 0.0 1.2 16.8 0.0 T T T 44 20 37  
29 1.0 -1.5 -0.3 18.3 0.0 0.0 T T 43   <31  
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Legend
[empty] = No data available
M = Missing

E = Estimated
A = Accumulated
C = Precipitation occurred, amount uncertain
L = Precipitation may or may not have occurred
F = Accumulated and estimated
N = Temperature missing but known to be > 0
Y = Temperature missing but known to be < 0
S = More than one occurrence
T = Trace

* = The value displayed is based on incomplete data
† = Data for this day has undergone only preliminary 
quality checking
‡ = Partner data that is not subject to review by the 
National Climate Archives

Date Modified: 2013-02-04 

 

We'd like to hear from you! Please click "Contact Us" 
to share your comments and suggestions.
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Daily Data Report for March 2004

Latitude: 51°04'01.000" N Longitude: 93°47'35.000" W Elevation: 385.90 m

Climate ID: 6016975 WMO ID: 71854 TC ID: YRL 

RED LAKE A 
ONTARIO 

D 
a 
y

Max 
Temp 

°C 

Min 
Temp 

°C 

Mean 
Temp 

°C 

Heat 
Deg 
Days 

Cool 
Deg 
Days 

Total 
Rain 
mm 

Total 
Snow 

cm 

Total 
Precip 

mm 

Snow 
on Grnd 

cm 

Dir of 
Max 
Gust 
10s 
deg

Spd of 
Max 
Gust 
km/h 

Sum       769.2 0.0 15.8 76.0 72.1        
Avg 0.0 -13.6 -6.8                  
Xtrm 13.2 -27.2               12 82  

Summary, average and extreme values are based on the data above.

01 0.8 -2.0 -0.6 18.6 0.0 0.0 7.4 6.6 42   <31  
02 -1.7 -5.4 -3.6 21.6 0.0 0.0 1.2 1.2 51   <31  
03 -5.4 -22.5 -14.0 32.0 0.0 0.0 1.4 0.6 53   <31  
04 -6.2 -27.2 -16.7 34.7 0.0 0.0 0.6 0.2 51   <31  
05 -1.1 -12.0 -6.6 24.6 0.0 0.0 T T 51   <31  
06 0.1 -7.1 -3.5 21.5 0.0 0.0 0.4 0.2 50 15 33  
07 -2.7 -11.5 -7.1 25.1 0.0 T 2.8 2.2 51 29 35  
08 0.0 -17.8 -8.9 26.9 0.0 T T T 50   <31  
09 7.3 -12.4 -2.6 20.6 0.0 0.0 0.0 0.0 49 18 48  
10 3.8 -16.8 -6.5 24.5 0.0 T 4.2 3.8 43 27 44  
11 -13.7 -22.0 -17.9 35.9 0.0 0.0 5.8 4.8 46 36 44  
12 -3.9 -24.3 -14.1 32.1 0.0 0.0 0.0 0.0 46   <31  
13 -3.9 -12.7 -8.3 26.3 0.0 T 10.2 7.0 46 9 39  
14 -3.7 -18.0 -10.9 28.9 0.0 0.0 2.4 2.0 53 34 43  
15 -1.0 -24.4 -12.7 30.7 0.0 0.0 0.0 0.0 53   <31  
16 0.5 -10.7 -5.1 23.1 0.0 1.0 1.2 1.0 53 16 48  
17 -0.7 -5.0 -2.9 20.9 0.0 0.0 5.0 3.0 55 26 32  
18 -2.1 -14.0 -8.1 26.1 0.0 0.0 0.2 T 53   <31  
19 3.7 -14.3 -5.3 23.3 0.0 0.4 17.4 12.4 52 12 82  
20 -3.0 -15.0 -9.0 27.0 0.0 0.2 1.4 0.8 58 34 50  
21 -6.9 -26.8 -16.9 34.9 0.0 0.0 T T 56   <31  
22 -1.9 -14.7 -8.3 26.3 0.0 0.0 1.8 1.0 57 31 46  
23 -2.9 -26.8 -14.9 32.9 0.0 0.0 0.0 0.0 59 20 41  
24 9.2 -3.0 3.1 14.9 0.0 0.0 0.0 0.0 57   <31  
25 13.2 -5.5 3.9 14.1 0.0 0.0 0.0 0.0 45 23 37  
26 -4.0 -13.4 -8.7 26.7 0.0 0.0 T T 45 8 33  
27 4.0 -7.2 -1.6 19.6 0.0 2.8 0.0 2.8 45 11 50  
28 8.2 0.5 4.4 13.6 0.0 11.4 T 11.4 43   <31  
29 0.5 -9.0 -4.3 22.3 0.0 0.0 12.6 11.1 40 31 54  
30 3.5 -13.2 -4.9 22.9 0.0 0.0 0.0 0.0 42   <31  
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Legend
[empty] = No data available
M = Missing
E = Estimated

A = Accumulated
C = Precipitation occurred, amount uncertain
L = Precipitation may or may not have occurred
F = Accumulated and estimated
N = Temperature missing but known to be > 0
Y = Temperature missing but known to be < 0
S = More than one occurrence
T = Trace
* = The value displayed is based on incomplete data

† = Data for this day has undergone only preliminary 
quality checking
‡ = Partner data that is not subject to review by the 
National Climate Archives

Date Modified: 2013-02-04 

D 
a 
y

Max 
Temp 

°C 

Min 
Temp 

°C 

Mean 
Temp 

°C 

Heat 
Deg 
Days 

Cool 
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cm 
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mm 

Snow 
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cm 

Dir of 
Max 
Gust 
10s 
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Spd of 
Max 
Gust 
km/h 

Sum       769.2 0.0 15.8 76.0 72.1        
Avg 0.0 -13.6 -6.8                  
Xtrm 13.2 -27.2               12 82  

Summary, average and extreme values are based on the data above.

31 9.9 -7.2 1.4 16.6 0.0 0.0 0.0 0.0 41   <31  

 

We'd like to hear from you! Please click "Contact Us" to share your comments and suggestions.
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Daily Data Report for April 2004

Latitude: 51°04'01.000" N Longitude: 93°47'35.000" W Elevation: 385.90 m

Climate ID: 6016975 WMO ID: 71854 TC ID: YRL 

RED LAKE A 
ONTARIO 
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y

Max 
Temp 

°C 

Min 
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Mean 
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Heat 
Deg 
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Deg 
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mm 
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Snow 

cm 

Total 
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mm 

Snow 
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cm 

Dir of 
Max 
Gust 
10s 
deg

Spd of 
Max 
Gust 
km/h 

Sum       504.7 0.0 8.2 20.2 24.4        
Avg 6.4 -4.1 1.2                  
Xtrm                        

Summary, average and extreme values are based on the data above.

01 10.8 -1.2 4.8 13.2 0.0 0.0 0.0 0.0 37   <31  
02 9.1 -3.9 2.6 15.4 0.0 1.6 T 1.6 36   <31  
03 0.3 -4.5 -2.1 20.1 0.0 T 0.8 0.6 35 34 44  
04 6.9 -6.5 0.2 17.8 0.0 0.0 0.0 0.0 34   <31  
05 6.7 -1.7 2.5 15.5 0.0 0.6 T 0.6 30   <31  
06 12.6 -2.0 5.3 12.7 0.0 0.0 0.0 0.0 30   <31  
07 11.8 -4.3 3.8 14.2 0.0 0.0 T T 28 31 33  
08 1.3 -3.5 -1.1 19.1 0.0 0.0 T T 19   <31  
09 0.3 -7.0 -3.4 21.4 0.0 0.0 0.0 0.0 17   <31  
10 -1.8 -9.3 -5.6 23.6 0.0 0.0 0.2 T 13   <31  
11 3.5 -12.1 -4.3 22.3 0.0 0.0 0.0 0.0 12 M M  
12 4.1 -4.6 -0.3 18.3 0.0 0.0 T T 9 21 37  
13 6.2 -2.5 1.9 16.1 0.0 0.0 0.0 0.0 8 28 35  
14 4.9 -8.0 -1.6 19.6 0.0 0.0 0.0 0.0 6   <31  
15 2.8 -4.4 -0.8 18.8 0.0 T 6.6 6.4 6 8 48  
16 3.7 -0.8 1.5 16.5 0.0 T 0.8 0.7 9 29 32  
17 5.8 -1.5 2.2 15.8 0.0 0.0 T T 6   <31  
18 4.1 -0.5 1.8 16.2 0.0 3.0 T 3.0 4   <31  
19 8.2 0.5 4.4 13.6 0.0 T T T T 33 35  
20 12.9 0.5 6.7 11.3 0.0 1.4 0.0 1.4 T 17 50  
21 5.0 -3.0 1.0 17.0 0.0 T T T T 33 37  
22 10.4 -7.3 1.6 16.4 0.0 0.0 0.0 0.0 T 23 44  
23 4.0 -4.0 0.0 18.0 0.0 0.8 T 0.8 T 29 56  
24 13.7 -4.3 4.7 13.3 0.0 0.0 0.0 0.0 0 17 56  
25 8.4 -0.5 4.0 14.0 0.0 0.2 T 0.2 0 25 46  
26 4.1 -6.2 -1.1 19.1 0.0 0.0 1.8 1.3 T 31 46  
27 7.2 -7.3 -0.1 18.1 0.0 T T T 0 13 39  
28 16.2 -2.0 7.1 10.9 0.0 0.6 T 0.6 0 33 44  
29 5.2 -6.4 -0.6 18.6 0.0 0.0 T T 0 35 37  
30 3.9 -3.5 0.2 17.8 0.0 0.0 10.0 7.2 0 33 41  
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Legend
[empty] = No data available
M = Missing

E = Estimated
A = Accumulated
C = Precipitation occurred, amount uncertain
L = Precipitation may or may not have occurred
F = Accumulated and estimated
N = Temperature missing but known to be > 0
Y = Temperature missing but known to be < 0
S = More than one occurrence
T = Trace

* = The value displayed is based on incomplete data
† = Data for this day has undergone only preliminary 
quality checking
‡ = Partner data that is not subject to review by the 
National Climate Archives

Date Modified: 2013-02-04 

 

We'd like to hear from you! Please click "Contact Us" to share your comments and suggestions.
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Daily Data Report for February 2004

Latitude: 51°26'47.000" N Longitude: 90°12'51.000" W Elevation: 386.20 m

Climate ID: 6016527 WMO ID: 71845 TC ID: YPL 

PICKLE LAKE A 
ONTARIO 

D 
a 
y

Max 
Temp 

°C 

Min 
Temp 

°C 

Mean 
Temp 

°C 

Heat 
Deg 
Days 

Cool 
Deg 
Days 

Total 
Rain 
mm 

Total 
Snow 

cm 

Total 
Precip 

mm 

Snow 
on Grnd 

cm 

Dir of 
Max 
Gust 
10s 
deg

Spd of 
Max 
Gust 
km/h 

Sum       903.8 0.0 T 21.8 18.0        
Avg -7.3 -19.0 -13.2                  
Xtrm 4.9 -33.2               22 54  

Summary, average and extreme values are based on the data above.

01 -11.7 -25.4 -18.6 36.6 0.0 0.0 0.8 0.6 37   <31  
02 -9.0 -16.3 -12.7 30.7 0.0 0.0 1.0 0.8 38   <31  
03 -13.0 -24.5 -18.8 36.8 0.0 0.0 T T 38 28 37  
04 -13.2 -22.8 -18.0 36.0 0.0 0.0 0.4 0.2 37 28 32  
05 -5.8 -20.8 -13.3 31.3 0.0 0.0 5.4 5.4 38   <31  
06 -14.3 -25.0 -19.7 37.7 0.0 0.0 3.4 2.8 41 4 33  
07 -10.7 -30.6 -20.7 38.7 0.0 0.0 T T 41 21 44  
08 -6.7 -10.7 -8.7 26.7 0.0 0.0 1.4 1.0 40   <31  
09 -6.9 -21.0 -14.0 32.0 0.0 0.0 3.2 2.4 42 2 35  
10 -11.1 -26.6 -18.9 36.9 0.0 0.0 0.0 0.0 42   <31  
11 -15.3 -24.8 -20.1 38.1 0.0 0.0 0.8 0.6 42   <31  
12 -10.3 -27.9 -19.1 37.1 0.0 0.0 T T 42 22 54  
13 -10.3 -28.5 -19.4 37.4 0.0 0.0 1.2 1.0 37 34 46  
14 -23.0 -33.2 -28.1 46.1 0.0 0.0 T T 37 29 43  
15 -17.3 -30.0 -23.7 41.7 0.0 0.0 0.0 0.0 35   <31  
16 -10.6 -24.2 -17.4 35.4 0.0 0.0 1.8 1.4 35 16 37  
17 -8.7 -18.6 -13.7 31.7 0.0 0.0 T T 36 27 32  
18 -2.8 -12.1 -7.5 25.5 0.0 0.0 1.8 1.4 36 16 33  
19 -4.8 -20.9 -12.9 30.9 0.0 0.0 T T 37   <31  
20 -3.6 -11.5 -7.6 25.6 0.0 0.0 0.6 0.4 37   <31  
21 -8.4 -20.9 -14.7 32.7 0.0 0.0 T T 38 33 32  
22 -6.4 -26.4 -16.4 34.4 0.0 0.0 T T 38   <31  
23 -0.4 -11.8 -6.1 24.1 0.0 0.0 T T 38   <31  
24 3.1 -7.9 -2.4 20.4 0.0 0.0 0.0 0.0 38   <31  
25 3.3 -12.4 -4.6 22.6 0.0 0.0 0.0 0.0 38 21 33  
26 -2.8 -8.5 -5.7 23.7 0.0 0.0 T T 37   <31  
27 4.9 -4.8 0.1 17.9 0.0 0.0 0.0 0.0 37   <31  
28 2.2 -1.8 0.2 17.8 0.0 T T T 36 32 33  
29 1.9 -0.5 0.7 17.3 0.0 0.0 T T 36   <31  
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Legend
[empty] = No data available
M = Missing

E = Estimated
A = Accumulated
C = Precipitation occurred, amount uncertain
L = Precipitation may or may not have occurred
F = Accumulated and estimated
N = Temperature missing but known to be > 0
Y = Temperature missing but known to be < 0
S = More than one occurrence
T = Trace

* = The value displayed is based on incomplete data
† = Data for this day has undergone only preliminary 
quality checking
‡ = Partner data that is not subject to review by the 
National Climate Archives

Date Modified: 2013-02-04 

 

We'd like to hear from you! Please click "Contact Us" 
to share your comments and suggestions.
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Daily Data Report for March 2004

Latitude: 51°26'47.000" N Longitude: 90°12'51.000" W Elevation: 386.20 m

Climate ID: 6016527 WMO ID: 71845 TC ID: YPL 

PICKLE LAKE A 
ONTARIO 

D 
a 
y

Max 
Temp 

°C 

Min 
Temp 

°C 

Mean 
Temp 

°C 

Heat 
Deg 
Days 

Cool 
Deg 
Days 

Total 
Rain 
mm 

Total 
Snow 

cm 

Total 
Precip 

mm 

Snow 
on Grnd 

cm 

Dir of 
Max 
Gust 
10s 
deg

Spd of 
Max 
Gust 
km/h 

Sum       797.7 0.0 10.4 76.6 71.8        
Avg -1.4 -14.0 -7.7                  
Xtrm 12.8 -26.8               32 65  

Summary, average and extreme values are based on the data above.

01 -0.1 -2.5 -1.3 19.3 0.0 0.0 5.6 5.2 36   <31  
02 -2.5 -11.2 -6.9 24.9 0.0 0.0 1.6 1.4 41 36 32  
03 -9.4 -17.3 -13.4 31.4 0.0 0.0 0.6 0.4 41   <31  
04 -7.7 -24.5 -16.1 34.1 0.0 0.0 0.0 0.0 41   <31  
05 -2.8 -18.0 -10.4 28.4 0.0 0.0 0.0 0.0 41   <31  
06 -1.1 -13.3 -7.2 25.2 0.0 0.0 0.0 0.0 41 17 35  
07 -0.4 -9.0 -4.7 22.7 0.0 0.0 1.4 1.4 41 32 35  
08 0.6 -10.2 -4.8 22.8 0.0 0.0 T T 40   <31  
09 4.7 -8.7 -2.0 20.0 0.0 0.0 0.0 0.0 40 20 44  
10 5.1 -16.6 -5.8 23.8 0.0 3.6 5.6 9.0 39 3 56  
11 -16.0 -24.0 -20.0 38.0 0.0 0.0 8.8 8.2 41 2 50  
12 -9.2 -26.8 -18.0 36.0 0.0 0.0 0.0 0.0 39   <31  
13 -3.2 -18.7 -11.0 29.0 0.0 0.0 10.4 7.2 39 14 46  
14 -5.6 -15.4 -10.5 28.5 0.0 0.0 14.0 10.0 55 2 57  
15 -1.9 -21.3 -11.6 29.6 0.0 0.0 0.0 0.0 55 27 32  
16 0.5 -13.2 -6.4 24.4 0.0 0.0 0.0 0.0 54 19 52  
17 0.5 -5.7 -2.6 20.6 0.0 0.0 3.6 3.0 52 18 33  
18 -3.7 -8.6 -6.2 24.2 0.0 0.0 T T 53   <31  
19 -2.7 -8.7 -5.7 23.7 0.0 0.0 15.4 12.8 53 14 63  
20 -3.8 -19.1 -11.5 29.5 0.0 0.0 5.6 3.4 69 36 59  
21 -9.8 -24.6 -17.2 35.2 0.0 0.0 0.0 0.0 68   <31  
22 -5.0 -20.0 -12.5 30.5 0.0 0.0 1.2 0.6 66 34 57  
23 -4.2 -24.1 -14.2 32.2 0.0 0.0 0.0 0.0 66 21 39  
24 8.7 -4.4 2.2 15.8 0.0 0.0 0.0 0.0 64 20 41  
25 12.8 -12.4 0.2 17.8 0.0 T 0.0 T 61 36 54  
26 -6.7 -19.0 -12.9 30.9 0.0 0.0 0.0 0.0 45 2 46  
27 2.6 -12.2 -4.8 22.8 0.0 T 0.0 T 45 14 48  
28 4.7 2.0 3.4 14.6 0.0 4.4 0.0 4.4 40 16 48  
29 2.5 -8.5 -3.0 21.0 0.0 2.4 2.0 4.4 33 32 65  
30 1.3 -9.7 -4.2 22.2 0.0 0.0 0.8 0.4 30   <31  
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Legend
[empty] = No data available
M = Missing
E = Estimated

A = Accumulated
C = Precipitation occurred, amount uncertain
L = Precipitation may or may not have occurred
F = Accumulated and estimated
N = Temperature missing but known to be > 0
Y = Temperature missing but known to be < 0
S = More than one occurrence
T = Trace
* = The value displayed is based on incomplete data

† = Data for this day has undergone only preliminary 
quality checking
‡ = Partner data that is not subject to review by the 
National Climate Archives

Date Modified: 2013-02-04 

D 
a 
y

Max 
Temp 

°C 

Min 
Temp 

°C 

Mean 
Temp 

°C 

Heat 
Deg 
Days 

Cool 
Deg 
Days 

Total 
Rain 
mm 

Total 
Snow 

cm 

Total 
Precip 

mm 

Snow 
on Grnd 

cm 

Dir of 
Max 
Gust 
10s 
deg

Spd of 
Max 
Gust 
km/h 

Sum       797.7 0.0 10.4 76.6 71.8        
Avg -1.4 -14.0 -7.7                  
Xtrm 12.8 -26.8               32 65  

Summary, average and extreme values are based on the data above.

31 8.2 -9.4 -0.6 18.6 0.0 0.0 0.0 0.0 30   <31  

 

We'd like to hear from you! Please click "Contact Us" to share your comments and suggestions.
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Daily Data Report for April 2004

Latitude: 51°26'47.000" N Longitude: 90°12'51.000" W Elevation: 386.20 m

Climate ID: 6016527 WMO ID: 71845 TC ID: YPL 

PICKLE LAKE A 
ONTARIO 

D 
a 
y

Max 
Temp 

°C 

Min 
Temp 

°C 

Mean 
Temp 

°C 

Heat 
Deg 
Days 

Cool 
Deg 
Days 

Total 
Rain 
mm 

Total 
Snow 

cm 

Total 
Precip 

mm 

Snow 
on Grnd 

cm 

Dir of 
Max 
Gust 
10s 
deg

Spd of 
Max 
Gust 
km/h 

Sum       560.2 0.0 2.3 40.2 37.1        
Avg 5.0 -6.4 -0.7                  
Xtrm 13.2 -13.3               34 65  

Summary, average and extreme values are based on the data above.

01 10.1 -3.6 3.3 14.7 0.0 0.0 0.0 0.0 28 20 32  
02 11.7 -2.3 4.7 13.3 0.0 0.0 3.0 2.6 25 2 46  
03 -1.4 -10.8 -6.1 24.1 0.0 0.0 3.8 2.8 24 2 43  
04 1.8 -13.3 -5.8 23.8 0.0 0.0 0.0 0.0 24   <31  
05 8.7 -4.3 2.2 15.8 0.0 2.0 0.2 2.2 24 18 52  
06 12.0 0.8 6.4 11.6 0.0 0.0 0.0 0.0 17 30 43  
07 12.1 -4.0 4.1 13.9 0.0 0.0 0.0 0.0 10   <31  
08 2.6 -6.9 -2.2 20.2 0.0 0.0 1.4 1.4 T   <31  
09 -3.6 -10.6 -7.1 25.1 0.0 0.0 2.6 1.8 T 35 33  
10 -3.0 -10.9 -7.0 25.0 0.0 0.0 4.2 2.6 9   <31  
11 1.9 -13.2 -5.7 23.7 0.0 0.0 0.0 0.0 8   <31  
12 4.3 -10.1 -2.9 20.9 0.0 0.0 T T 4 20 48  
13 2.8 -5.0 -1.1 19.1 0.0 0.0 1.0 0.4 4 33 37  
14 2.5 -8.6 -3.1 21.1 0.0 0.0 0.0 0.0 T 30 37  
15 3.1 -10.2 -3.6 21.6 0.0 0.0 5.0 5.0 T 12 52  
16 2.3 -0.2 1.1 16.9 0.0 0.0 2.6 2.6 T 30 43  
17 4.2 -2.3 1.0 17.0 0.0 0.0 T T T 32 37  
18 3.0 -2.5 0.3 17.7 0.0 0.0 5.2 5.0 T 11 44  
19 2.6 -2.9 -0.2 18.2 0.0 0.0 0.0 0.0 3 35 41  
20 10.6 -3.2 3.7 14.3 0.0 0.0 0.0 0.0 T 18 43  
21 3.2 -6.2 -1.5 19.5 0.0 T T T T 32 48  
22 8.1 -9.4 -0.7 18.7 0.0 0.0 0.0 0.0 T 22 43  
23 3.2 -7.0 -1.9 19.9 0.0 T T T T 33 57  
24 10.6 -8.1 1.3 16.7 0.0 0.0 0.0 0.0 T 18 56  
25 8.4 -2.1 3.2 14.8 0.0 T T T T 26 41  
26 -0.7 -8.8 -4.8 22.8 0.0 0.0 3.0 2.6 T 34 65  
27 6.3 -10.0 -1.9 19.9 0.0 0.0 0.0 0.0 T   <31  
28 13.2 -2.6 5.3 12.7 0.0 0.3 5.0 5.1 T 36 39  
29 3.4 -6.9 -1.8 19.8 0.0 0.0 3.0 2.8 3 35 52  
30 7.0 -5.9 0.6 17.4 0.0 0.0 0.2 0.2 T 34 44  
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Legend
[empty] = No data available
M = Missing

E = Estimated
A = Accumulated
C = Precipitation occurred, amount uncertain
L = Precipitation may or may not have occurred
F = Accumulated and estimated
N = Temperature missing but known to be > 0
Y = Temperature missing but known to be < 0
S = More than one occurrence
T = Trace

* = The value displayed is based on incomplete data
† = Data for this day has undergone only preliminary 
quality checking
‡ = Partner data that is not subject to review by the 
National Climate Archives

Date Modified: 2013-02-04 

 

We'd like to hear from you! Please click "Contact Us" to share your comments and suggestions.
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Rendezvous site in northwestern Alaska
where a female wolverine kept her two kits
in late June 1979. The kits were kept under
this remnant snowdrift where melt water
formed a cavern under the length of the
snowdrift (spotting scope on a tripod for size
comparison). Remnant snowdrifts were
commonly used as maternal den sites or
rendezvous sites (Magoun 1985, p. 73).



 
Audrey Magoun  

From: "Audrey Magoun" <amagoun@ptialaska.net>
To: "Dorothy Hall" <dorothy.k.hall@nasa.gov>
Sent: Monday, April 01, 2013 4:33 PM
Subject: Re: MODIS guide
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Thanks, Dorothy. I think the reason they used V4 was that, even though the  
paper was published in 2010, they actually began analyzing the data in at  
least 2007, maybe earlier. In a recent email the lead author stated "It was  
MODIS Terra version 4 and some version 5 as I recall." When was V5  
available?  Could it be that it was so recent that they got started on their  
analysis before it was available? I will try to find out why they used V4.  
What kind of error would V4 have created, e.g., more pixels or less pixels  
classified as snow-covered? I know they had to look at the pixels over a  
21-day period to try to eliminate cloud cover in order to come up with the  
snow cover on 15 May for the study area. 
 
 
----- Original Message -----  
From: "Dorothy Hall" <dorothy.k.hall@nasa.gov> 
To: "Audrey Magoun" <amagoun@ptialaska.net> 
Sent: Monday, April 01, 2013 3:16 PM 
Subject: Re: MODIS guide 
 
 
> Hi Audrey, 
> 
> I've sent an email to double check on that.  I hope to find out sooner  
> than Thursday. 
> 
> The real issue is that a user should *not* be using V4 products.  There  
> were some issues in V4 that were fixed in V5.  I can't remember all of the  
> issues, but since V5 is available why would he/she use V4?  In fact you  
> can't even get V4 anymore.  I would suggest to the user to re-do the study  
> using V5.  In fact I wouldn't accept a paper, as a reviewer, if V4 was  
> used.  It really doesn't make sense to use an old product when a newer,  
> better one is available. 
> 
> Dorothy 
> 
> 
> On 4/1/2013 6:59 PM, Audrey Magoun wrote: 
>> Thursday or even longer will be fine; I'd really appreciate it if you  
>> would 
>> check 
>> thanks 
>> ----- Original Message ----- 
>> From: "Dorothy Hall" <dorothy.k.hall@nasa.gov> 
>> To: "Audrey Magoun" <amagoun@ptialaska.net> 
>> Sent: Monday, April 01, 2013 2:06 PM 
>> Subject: Re: MODIS guide 



>> 
>> 
>>> Hi Audrey, 
>>> 
>>> Wow, I don't remember, but I don't think so.  I don't think V4 had 
>>> fractional snow cover.  I could find out for sure but I won't be back at 
>>> the office until Thursday. 
>>> 
>>> Dorothy 
>>> 
>>> 
>>> On 4/1/2013 5:01 PM, Audrey Magoun wrote: 
>>>> Final question then, just to be absolutely sure I understand, would the 
>>>> version used by these authors "MODIS/Terra snow cover daily L3 global 
>>>> 500m grid. Version 4, 24 April - 21 May 2000-2006" have included 
>>>> fractional snow, as I thought that some snow products don't include 
>>>> fractional snow? Thanks again so much. 
>>>>    ----- Original Message ----- 
>>>> 
>>>>      *From:* Dorothy Hall <mailto:Dorothy.K.Hall@nasa.gov> 
>>>>      *To:* Audrey Magoun <mailto:amagoun@ptialaska.net> 
>>>>      *Sent:* Monday, April 01, 2013 12:28 PM 
>>>>      *Subject:* Re: MODIS guide 
>>>> 
>>>>      Hi Audrey, 
>>>> 
>>>>      I think you've got it.  Below a fractional snow cover of around  
>>>> 20% 
>>>>      we really aren't certain at all.  As you point out, even from 20 - 
>>>>      100% it can be iffy, and it's really not possible to validate with 
>>>>      any accuracy.  Sometimes we're measuring snow in trees and that's 
>>>>      counted.  So it's more of a guide than an actual number. 
>>>> 
>>>>      Dorothy 
>>>> 
>>>> 
>>>> 
>>>>      On 4/1/2013 4:25 PM, Audrey Magoun wrote: 
>>>>>      Thanks, Dorothy. In the paper I am reviewing, the authors only 
>>>>>      state that they used the MODIS daily snow data (500 m spatial 
>>>>>      resolution) from the Terra satellite and they cite Hall et al. 
>>>>>      2006--MODIS/Terra snow cover daily L3 global 500m grid. Version  
>>>>> 4, 
>>>>>      24 April - 21 May 2000-2006. This is for the Northern Hemisphere 
>>>>>      as the paper is about wolverines (attached). I read through the 
>>>>>      guide quickly but I still am trying to determine how accurate  
>>>>> this 
>>>>>      snow cover data would be in detecting snow, in this case, if 
>>>>>      snowmelt had progressed far enough that snow occurred only in 
>>>>>      patches, both in mountains and in the flatter boreal forest of 
>>>>>      Canada. The pixels were classified as snow, bare ground, cloud,  
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>>>>> or 
>>>>>      night. Specifically, I'm trying to determine what really is in a 
>>>>>      pixel classified as snow vs. bare ground. Would the specific snow 
>>>>>      product they used classify fractional snow of less than 20% as 
>>>>>      bare ground and pixels with >20% classified as snow-covered? Or 
>>>>>      would the authors have had the % of fractional snow from 0-100% 
>>>>>      available to them and they then made the determination of 
>>>>>      snow-covered or bare themselves? And would these authors have  
>>>>> even 
>>>>>      used the fractional snow product given the description above? (I 
>>>>>      am trying to find out from them what snow product they used but 
>>>>>      haven't heard back yet.) From your email below, it appears that 
>>>>>      with up to 20% of fractional snow in a pixel, which then may have 
>>>>>      been classified as bare, the authors might not have had 
>>>>>      information on snowbeds that occurred in those pixels, is that 
>>>>>      correct? And would it matter, for example, if there was only one 
>>>>>      snowbed in the pixel that covered about 15% of the pixel vs 3 
>>>>>      smaller snowbeds separated by bare ground? Also, I've been  
>>>>> reading 
>>>>>      the literature on fractional snow and it appears there are still 
>>>>>      problems with classifying it, say in mountains vs. boreal forest. 
>>>>>      Would that have been true for the data these authors used? 
>>>>>      Thanks so much and I hope you don't mind my questions. 
>>>>>      Audrey 
>>>>>      ----- Original Message ----- 
>>>>> 
>>>>>          *From:* Dorothy Hall <mailto:Dorothy.K.Hall@nasa.gov> 
>>>>>          *To:* Audrey Magoun <mailto:amagoun@ptialaska.net> 
>>>>>          *Sent:* Monday, April 01, 2013 11:45 AM 
>>>>>          *Subject:* Re: MODIS guide 
>>>>> 
>>>>>          Hi Audrey, 
>>>>> 
>>>>>          Yes, it's the most recent but George Riggs is updating it now 
>>>>>          for Collection 6.  It won't be done for a few months.  Some 
>>>>>          things have changed, but it's still pretty accurate for 
>>>>>          Collection 5.  Let me know if you have any specific  
>>>>> questions. 
>>>>> 
>>>>>          Dorothy 
>>>>> 
>>>>> 
>>>>> 
>>>>>          On 4/1/2013 3:20 PM, Audrey Magoun wrote: 
>>>>>>          Hi Dorothy 
>>>>>>          One more question for you--is the MODIS Snow Products User 
>>>>>>          Guide to Collection 5 by George A. Riggs, Dorothy K. Hall, 
>>>>>>          Vincent V. Salomonson, November 2006 the most current guide 
>>>>>>          and would it be the best explanation of MODIS Snow Products 
>>>>>>          used for 2000-2007 ? 
>>>>>>          Thanks so much for your time. 
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>>>>>>          Audrey 
>>>>>>          ----- Original Message ----- 
>>>>>> 
>>>>>>              *From:* Dorothy Hall <mailto:Dorothy.K.Hall@nasa.gov> 
>>>>>>              *To:* Audrey Magoun <mailto:amagoun@ptialaska.net> 
>>>>>>              *Sent:* Monday, April 01, 2013 4:07 AM 
>>>>>>              *Subject:* Re: MODIS resolution and ability to detect 
>>>>>>              snow patches at the 500 m resolution 
>>>>>> 
>>>>>>              Hi Audrey, 
>>>>>> 
>>>>>>              I am really sorry but I missed your email.  This morning 
>>>>>>              I was going through old emails in my inbox and  
>>>>>> discovered 
>>>>>>              this.  I hope it's not too late. 
>>>>>> 
>>>>>>              When the fractional snow cover (which is provided as  
>>>>>> part 
>>>>>>              of the product) gets to less than 20%, I think you can 
>>>>>>              safely say that the pixel is largely "bare."  I hope  
>>>>>> this 
>>>>>>              is helpful. 
>>>>>> 
>>>>>>              Dorothy 
>>>>>> 
>>>>>> 
>>>>>> 
>>>>>>              On 3/25/2013 9:06 PM, Audrey Magoun wrote: 
>>>>>>>              Hello Dorothy 
>>>>>>>              I am reviewing a paper that used MODIS snow cover data 
>>>>>>>              to determine the snow cover (globally) in the northern 
>>>>>>>              hemisphere in the years 2000-2006 for the period 24 
>>>>>>>              April to 15 May for the purpose of evaluating the  
>>>>>>> extent 
>>>>>>>              of wolverine denning habitat. During this period, some 
>>>>>>>              areas are beginning to melt and snow becomes patchy. 
>>>>>>>              What I am hoping you can tell me is at what point will 
>>>>>>>              the MODIS data show a pixel as "bare" even if it has 
>>>>>>>              snow patches distributed across the pixel? What 
>>>>>>>              distribution, size, and perhaps shape of snow patches 
>>>>>>>              would still produce a pixel that was considered "bare" 
>>>>>>>              even though some snow is present? I have not used MODIS 
>>>>>>>              data myself so I am not familiar with the process for 
>>>>>>>              determining bare vs. snow-covered. 
>>>>>>>              Thank you so much for considering this request. 
>>>>>>>              Audrey Magoun 
>>>>>>>              Wildlife Biologist 
>>>>>> 
>>>>>>              -- 
>>>>>>              Dorothy K. Hall 
>>>>>>              Cryospheric Sciences Laboratory 
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>>>>>>              Code 615 
>>>>>>              NASA Goddard Space Flight Center 
>>>>>>              Greenbelt, MD 20771 
>>>>>>              USA 
>>>>>> 
>>>>>>              dorothy.k.hall@nasa.gov 
>>>>>>              Phone: 301-614-5771 
>>>>>> 
>>>>>>              No virus found in this message. 
>>>>>>              Checked by AVG - www.avg.com <http://www.avg.com> 
>>>>>>              Version: 2013.0.3267 / Virus Database: 3161/6218 - 
>>>>>>              Release Date: 04/01/13 
>>>>>> 
>>>>> 
>>>>>          -- 
>>>>>          Dorothy K. Hall 
>>>>>          Cryospheric Sciences Laboratory 
>>>>>          Code 615 
>>>>>          NASA Goddard Space Flight Center 
>>>>>          Greenbelt, MD 20771 
>>>>>          USA 
>>>>> 
>>>>>          dorothy.k.hall@nasa.gov 
>>>>>          Phone: 301-614-5771 
>>>>> 
>>>>>          No virus found in this message. 
>>>>>          Checked by AVG - www.avg.com <http://www.avg.com> 
>>>>>          Version: 2013.0.3267 / Virus Database: 3161/6218 - Release 
>>>>>          Date: 04/01/13 
>>>>> 
>>>> 
>>>>      -- 
>>>>      Dorothy K. Hall 
>>>>      Cryospheric Sciences Laboratory 
>>>>      Code 615 
>>>>      NASA Goddard Space Flight Center 
>>>>      Greenbelt, MD 20771 
>>>>      USA 
>>>> 
>>>>      dorothy.k.hall@nasa.gov 
>>>>      Phone: 301-614-5771 
>>>> 
>>>>      No virus found in this message. 
>>>>      Checked by AVG - www.avg.com <http://www.avg.com> 
>>>>      Version: 2013.0.3267 / Virus Database: 3161/6218 - Release Date: 
>>>>      04/01/13 
>>>> 
>>> 
>>> -- 
>>> Dorothy K. Hall 
>>> Cryospheric Sciences Laboratory 
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>>> Code 615 
>>> NASA Goddard Space Flight Center 
>>> Greenbelt, MD 20771 
>>> USA 
>>> 
>>> dorothy.k.hall@nasa.gov 
>>> Phone: 301-614-5771 
>>> 
>>> 
>>> ----- 
>>> No virus found in this message. 
>>> Checked by AVG - www.avg.com 
>>> Version: 2013.0.3267 / Virus Database: 3161/6218 - Release Date:  
>>> 04/01/13 
>>> 
>> 
> 
> --  
> Dorothy K. Hall 
> Cryospheric Sciences Laboratory 
> Code 615 
> NASA Goddard Space Flight Center 
> Greenbelt, MD 20771 
> USA 
> 
> dorothy.k.hall@nasa.gov 
> Phone: 301-614-5771 
> 
> 
> ----- 
> No virus found in this message. 
> Checked by AVG - www.avg.com 
> Version: 2013.0.3267 / Virus Database: 3161/6218 - Release Date: 04/01/13 
>  
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Snowbeds in the Wallowa Mountains, northeast Oregon on 4 August 2012













 
Audrey Magoun  

From: "Malin Aronsson" <malin.aronsson@slu.se>
To: "Audrey Magoun" <amagoun@ptialaska.net>; <222wsheridan@gmail.com>
Cc: "Malin Aronsson" <malin.aronsson@slu.se>
Sent: Monday, March 25, 2013 9:20 AM
Attach: 2011 Perssonomslagside,1-44.pdf
Subject: Second try...
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3/29/2013

Here is the old email... Sending one report in this email and the other one in a new email. 
 
Hi Audrey,  
 
There are den sites found outside of “the snow model” during the last years. Every year there is 
an extensive search for wolverine dens within the reindeer husbandry area (northern half of 
Sweden) because the number of den sites is the base for the compensation payment system to the 
reindeer herders for damages caused by wolverines and the den inventory are also the basis for 
the population estimation. This den-site inventory has been going on since 1996. I attached to 
reports (both in Swedish unfortunately) that show the distribution of wolverine den sites in 
Sweden (we usually report den sites over a three year period because of the varying reproductive 
success for females). The first document (Persson and Broseth) reports the population 
development 1996 – 2010 and you find the den sites (with a 20 km buffer zone) in figure 1a-e. 
The red colour just means that there are more den sites within the buffer zones. The second 
document (Aronsson and Persson) is a report where we try to summarise the information we 
have about wolverines in the “forest areas” outside of “traditional wolverine area” (mountains 
and forest close to the mountains). Figure 2 shows the documented den sites (from the national 
inventory) with a 20 km buffer zone (blue). The red line is our definition of the limit for 
“traditional wolverine areas” based on land use, vegetation, the mountain range and reindeer 
herding practices. We classify the den sites found to the east of that line as being outside of 
traditional wolverine areas. Our red line matches “the snow model” pretty well in the southern 
half of the Swedish wolverine distribution and if you compare Copelands paper with the maps in 
the two reports you can see that there area quite a few den sites outside of the snow model in 
resent years. The blue triangles in figure 3 shows the number of documented den sites east of our 
red line, most of these den sites are found the southern half of the wolverine distribution and 
hence outside of the snow model. From 2008 and to today 12-15% of the den sites have been 
found east of the red line (10-18/year and it looks like a majority of those are outside of the snow 
model, in the area where it says “Sweden” in figure 4 in Copelands paper). But still a majority of 
the total den sites (90-110/year) are found inside the snow model.  As for distances den sites are 
found from just outside the snow model to approximately 140 km outside of the snow model 
(rough estimates because I don´t have a GIS layer of the snow model).  
 
We have not captured any wolverines yet �. But they have visited the traps a couple of times so 
we area still hoping. We finished setting up 6 camera stations last week and they will be on until 
we get back from fieldwork in the north in the end of April. So far I have some photos of one big 
wolverine (think it is a male). He has spots on the right side of his chest and photos I have got 
from local people shows that he has been in the area since at least 2010. We are at a carnivore 
conference in Sweden right now and there area lots of participants from the County 
Administrative Boards (that manages wildlife in Sweden) and I have to tell you that you have a 
fan club here from the field personnel from the County Administrative Boards. Some of them 
have your book and have tried your camera-stations on their own. We had a meeting yesterday to 
try to coordinate the use of camera-stations in 2 counties and today Jens said that one more 
county wants to join.  
 



 
/Malin 
************************************************************ 
Malin Aronsson 
Grimsö forskningsstation / Grimsö Wildlife Research Station 
Institutionen för ecology / Dept. of Ecology 
Sveriges lantbruksuniversitet / Swedish University of Agricultural Sciences 
SE-730 91 Riddarhyttan 
Sweden 
 
+46 (0) 581-697312 
 
________________________________________ 
Från: Audrey Magoun [amagoun@ptialaska.net] 
Skickat: den 25 mars 2013 17:14 
Till: Malin Aronsson 
Ämne: Re: Getting close... 
 
No, I didn't get them. Perhaps send them to both of my emails 
amagoun@ptialaska.net 
222wsheridan@gmail.com 
 
thanks much 
 
 
----- Original Message ----- 
From: "Malin Aronsson" <malin.aronsson@slu.se> 
To: "Audrey Magoun" <amagoun@ptialaska.net> 
Sent: Monday, March 25, 2013 12:07 AM 
Subject: Re: Getting close... 
 
 
There is just one, the black on the side is rubber as snow and ice 
protection. 
 
I did send the papers the day after I sent the first email (1,5 weeks agoe), 
you did not get them??? They are big files, I'll send them again, separate 
emails this time. 
 
/Malin 
 
Skickat från min iPhone 
 
25 mar 2013 kl. 01:16 skrev "Audrey Magoun" <amagoun@ptialaska.net>: 
 
> Hope one of them don't trigger it while the other is up on the side like 
> that!!! Have you tried putting a few small pieces of bait outside the 
> trap, tied down with cable? 
> 
> Did you try to resend those papers you told me about? 
> thanks 
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> Audrey 
> ----- Original Message ----- From: "Malin Aronsson" 
> <malin.aronsson@slu.se> 
> To: <amagoun@ptialaska.net> 
> Sent: Sunday, March 24, 2013 2:30 PM 
> Subject: Getting close... 
> 
> 
> ... Very close... 
> 
> / Malin and Jens 
> 
> 
> 
> 
> -------------------------------------------------------------------------------- 
> 
> 
> ----- 
> No virus found in this message. 
> Checked by AVG - www.avg.com 
> Version: 2013.0.2904 / Virus Database: 2641/6202 - Release Date: 03/24/13 
 
 
----- 
No virus found in this message. 
Checked by AVG - www.avg.com 
Version: 2013.0.2904 / Virus Database: 2641/6202 - Release Date: 03/24/13 
 
 

----- 
No virus found in this message. 
Checked by AVG - www.avg.com 
Version: 2013.0.2904 / Virus Database: 2641/6202 - Release Date: 03/24/13 
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Audrey Magoun  

From: "TWF" <gulogulo@mindspring.com>
To: "Magoun Audrey" <amagoun@ptialaska.net>
Sent: Thursday, March 28, 2013 3:35 PM
Subject: Re: tooth eruption
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4/13/2013

Audrey, 
  
What a gorgeous little Gulo! 
  
After gleaning as much insight as I could from Bob’s kit photo, I would offer the following comments: 
  
First, I am basing my age estimate on the photo solely, not only because of Bob’s qualifiers, but also as a 
result of his statement that their records indicated, “no incisors were erupted”.  
  
From my data, I3 were fully in place at 49 days. Dale’s (Sue) limited observation data is also consistent 
with I3 erupted by 7 weeks. Although the photo of the lower dentition is certainly not at the quality level 
needed to feel certain of the dentition status, I would suggest this individual was 11-12 weeks old at the 
time of the photo. This is based on what appears to be the lower canines, PM3, PM4, and M1 fully in 
place.   
  
By our data, there is a period of 2+ weeks (70-83+ days) that this formula would be in place before I1 
erupts (I1 eruption 83-90 days). 
  
Also, from my experience with Gulo kits I would further guess that this kit is probably closer to 12 weeks 
than 11 weeks. This is subjectively based on the individual’s pelage and gross appearance. I don’t know if 
this kit’s locomotion was reasonably developed at the time of the capture, but our kits were uncoordinated 
when running and their climbing ability was very limited at 11 weeks. By 12 weeks it had definitely 
improved. 
  
It would have been interesting to palpate the incisal line, as it appears small “white bumps” are present. 
  
Clint   
No virus found in this message. 
Checked by AVG - www.avg.com 
Version: 2013.0.3267 / Virus Database: 3161/6210 - Release Date: 03/28/13 







From: Bush, Jodi
To: Marjorie Nelson; Stephen Torbit (Stephen Torbit/R6/FWS/DOI); Justin Shoemaker
Cc: Betty Grizzle
Subject: Additional Genetic work for wolverine
Date: Wednesday, May 24, 2017 4:04:12 PM

Folks - Sorry I missed the call today.  I was tied up back at NCTC.  Betty caught me up and as
we talked I thought it would probably be advantageous to us all if we came up with a
preliminary scope of work for what we are looking for with the genetic work.  This would help
make sure that we are all on the same page and we could share it with the other Regions to
facilitate understanding of what we intend to do. 

Steve.  Do you think you could take the first stab at drafting up something?  I know you have
talked to many different entities regarding the genetics issue and it might be useful to start
with what you see as our preliminary tasks.  Justin and Betty would weigh in too but your
initial efforts would really help to get us what we need to make progress on this task.  Let me
know if you are okay with attempting to come up with the first draft.  After that we can send it
around for adds or changes and get something that we can share and all speak to with one
voice.  Thanks for all your help on this fun topic. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

mailto:jodi_bush@fws.gov
mailto:Marjorie_Nelson@fws.gov
mailto:Stephen_Torbit@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:betty_grizzle@fws.gov


From: Shoemaker, Justin
To: Caitlin Snyder
Cc: Grizzle, Betty
Subject: Revised wolverine timeline-draft
Date: Wednesday, May 24, 2017 11:56:47 AM
Attachments: Wolverine Detailed Timeline_05242017.docx

Caitlin,

Here's my attempt at a revised schedule for wolverine.  Can you look over the HQ review time
frames for this schedule?

I still need to go over the dates currently in there to make sure they don't fall on weekends or
holidays. 

Justin Shoemaker
Classification Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

mailto:justin_shoemaker@fws.gov
mailto:caitlin_snyder@fws.gov
mailto:betty_grizzle@fws.gov
mailto:justin_shoemaker@fws.gov


*Includes States, Tribes, Federal Agencies 
 

Wolverine Listing Determination Timeline 
5/19/17 version 

 
Task Responsible Parties Dates Length of time 

Species Status Assessment (SSA) Phase 
FR notice opening comment 
period on 2013 proposed listing 
rule 

MTFO Oct 18 2016 done 

DIP letters sent out to States and 
partners 

MTFO Oct done 

Public comment period,  input 
from States, partners, etc.  

 Oct 18-Nov 17 30 days, done 

Conduct science analysis (SSA) SSA core team By Sept 15 2017 in process 
Draft SSA report Betty Grizzle (FO 

Lead Bio) 
By Oct 7 in process  

SSA core team meeting in Denver Core team, R6 
management and 
decision support 
staff 

Feb 15-16 2 days, done 

SSA report check-in SSA core team, 
management 

Early-mid Sept 
(TBD) 

half day 

Peer review planning and 
contracting  

Justin Shoemaker 
(ULT lead), Caitlin 
Snyder (ULT assist) 

Aug - Oct 2 months to get 
contracted peer 
reviewers in place 

SSA report core team review SSA core team Oct 7-14 1 week 
Edit SSA report based on core 
team review  

Betty Grizzle Oct 14-Oct 21 1 week 

SSA report to peer reviewers and 
partners* 

Justin Shoemaker, 
Jodi Bush (MTFO 
Project Leader) 

Oct 21-Nov 21 1 month 

Edit and finalize SSA report   Betty Grizzle Nov 21-Dec 19 4 weeks  
Listing Decision Analysis Phase 

SSA report to recommendation 
team 

Justin Shoemaker, 
Jodi Bush 

Dec 19 At least 2 weeks prior 
to recommendation 
team meeting 

Decision meeting RDs or delegates, 
ARDs, other 
management, SSA 
core team 

First or second 
week of Jan 2018  

2 days 

Draft decision summary for the 
record or certify decision meeting 
notes 

R6 RD or delegate early Jan 3 days (after 
recommendation 
team meeting) 

Process for final withdrawal of proposed listing (if decision is to not list) - 
or revised proposed listing rule (if decision is to list) 

Draft final withdrawal (not-
warranted) FR notice or revised 
proposed listing rule (and if 
necessary, proposed 10(j), 4(d)) 

Justin Shoemaker Jan 15-Feb 12 4 weeks 

Core team reviews FR notice, SSA core team, Feb 12-Feb 26 2 weeks 



*Includes States, Tribes, Federal Agencies 
 

make revisions Justin Shoemaker 
Regional Office Surnames and 
concurrence 

Marjorie Nelson, 
Mike Thabault, Matt 
Hogan, Noreen 
Walsh, and 
concurring regional 
RDs/ARDs or 
delegates 

Feb 26-March 12 2 weeks 

SOL surname DOI SOL Feb 26-March 12 2 weeks 
PPM and HQ ES surname PPM, HQ ES Feb 26-March 12 2 weeks 
Revise based on RO/SOL/PPM 
comments 

Justin Shoemaker March 12-March 26 2 weeks 

HQ review  Sarah Quamme, 
Bridget Fahey 

March 26-? 6 weeks prior to FR 
date 

Asst. Director for ES Surname Asst. Director for ES ? 4 business days 
FWS Director Surname Director of FWS ? 5 business days 
Fish, Wildlife, and Parks Surname FWP ? 10 business days 
Executive Secretary Surname Executive 

Secretary’s Office 
? 3 business days 

Deliver to FR HQ May 7  
Publication of withdrawal or 
proposed rule 

Federal Register May 14  

Public comment period on 
revised proposed listing (only if 
decision is to list) 

 May 14-June 12 30 days 

Process for final listing Federal Register document 
Comment and response strategy 
meeting – develop plan to review 
and address comments received  

SSA core team, 
management  

Mid May (TBD) half day 

Review and address public 
comments on proposed listing 

SSA core team, 
support staffing as 
needed from R6 RO 

June 12-July 16 1 month 

Meeting with decision team to 
discuss public comment and any 
new info, revisit decision  

Marjorie Nelson, 
Mike Thabault, Matt 
Hogan, Noreen 
Walsh, and 
concurring regional 
RDs/ARDs or 
delegates 

Early July 2018 half day 

Draft final listing FR doc (if 
necessary 10(j), 4(d)) 

Justin Shoemaker 
and Betty Grizzle 

by July 16 2 months from 
proposed listing 
publication 

SSA core team reviews FR notice, 
make revisions 

SSA core team July 16-July 23 1 week 

Regional Office Surnames and 
concurrence 

Marjorie Nelson, 
Mike Thabault, Matt 
Hogan, Noreen 
Walsh, and 
concurring regional 

July 23-Aug 6 2 weeks 

Commented [SJ1]: Could use Caitlin’s input on HQ 
review/surnames, length of time for each step.  



*Includes States, Tribes, Federal Agencies 
 

RDs/ARDs or 
delegates 

SOL surname DOI SOL July 23-Aug 6 2 weeks 
PPM and HQ ES surname PPM, HQ ES July 23-Aug 6 2 weeks 
Revise based on RO/SOL/PPM 
comments 

Justin Shoemaker 
and Betty Grizzle 

Aug 6-Aug 13 1 week 

    
HQ review  Sarah Quamme, 

Bridget Fahey 
Aug 13 6 weeks prior to FR 

date 
FWS Director Surname Director of FWS ? ? 
Fish, Wildlife, and Parks Surname FWP ? ? 
Executive Secretary Surname Executive 

Secretary’s Office 
? ? 

Deliver to FR HQ Sep 24  
Publication of final rule Federal Register Sep 28, 2018  Note: We’ve 

committed to final 
rule in FY 18 in the 
work plan 

 

Commented [SJ2]: Caitlin? 



From: Snyder, Caitlin
To: Shoemaker, Justin
Cc: Grizzle, Betty
Subject: Re: Revised wolverine timeline-draft
Date: Wednesday, May 24, 2017 2:27:58 PM
Attachments: Wolverine Detailed Timeline_05242017_cs.docx

Hi Justin,

I changed a few of the dates in the HQ review chain based on the FR submittal
dates.  Let me know if you have any questions.  (I did account for the public holiday in
September for the final action when calculating dates.)

Thanks,
Caitlin

Caitlin Snyder
Unified Listing Team
U.S. Fish & Wildlife Service
MS: ES
5275 Leesburg Pike
Falls Church, VA 22041-3803
phone: 703 358 2673

On Wed, May 24, 2017 at 1:56 PM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
Caitlin,

Here's my attempt at a revised schedule for wolverine.  Can you look over the HQ review
time frames for this schedule?

I still need to go over the dates currently in there to make sure they don't fall on weekends or
holidays. 

Justin Shoemaker
Classification Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

mailto:caitlin_snyder@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:betty_grizzle@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:justin_shoemaker@fws.gov
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Wolverine Listing Determination Timeline 
5/19/17 version 

 
Task Responsible Parties Dates Length of time 

Species Status Assessment (SSA) Phase 
FR notice opening comment 
period on 2013 proposed listing 
rule 

MTFO Oct 18 2016 done 

DIP letters sent out to States and 
partners 

MTFO Oct done 

Public comment period,  input 
from States, partners, etc.  

 Oct 18-Nov 17 30 days, done 

Conduct science analysis (SSA) SSA core team By Sept 15 2017 in process 
Draft SSA report Betty Grizzle (FO 

Lead Bio) 
By Oct 7 in process  

SSA core team meeting in 
Denver 

Core team, R6 
management and 
decision support 
staff 

Feb 15-16 2 days, done 

SSA report check-in SSA core team, 
management 

Early-mid Sept 
(TBD) 

half day 

Peer review planning and 
contracting  

Justin Shoemaker 
(ULT lead), Caitlin 
Snyder (ULT assist) 

Aug - Oct 2 months to get 
contracted peer 
reviewers in place 

SSA report core team review SSA core team Oct 7-14 1 week 
Edit SSA report based on core 
team review  

Betty Grizzle Oct 14-Oct 21 1 week 

SSA report to peer reviewers 
and partners* 

Justin Shoemaker, 
Jodi Bush (MTFO 
Project Leader) 

Oct 21-Nov 21 1 month 

Edit and finalize SSA report   Betty Grizzle Nov 21-Dec 19 4 weeks  
Listing Decision Analysis Phase 

SSA report to recommendation 
team 

Justin Shoemaker, 
Jodi Bush 

Dec 19 At least 2 weeks prior 
to recommendation 
team meeting 

Decision meeting RDs or delegates, 
ARDs, other 
management, SSA 
core team 

First or second 
week of Jan 2018  

2 days 

Draft decision summary for the 
record or certify decision 
meeting notes 

R6 RD or delegate early Jan 3 days (after 
recommendation 
team meeting) 

Process for final withdrawal of proposed listing (if decision is to not list) - 
or revised proposed listing rule (if decision is to list) 

Draft final withdrawal (not-
warranted) FR notice or revised 
proposed listing rule (and if 
necessary, proposed 10(j), 4(d)) 

Justin Shoemaker Jan 15-Feb 12 4 weeks 



*Includes States, Tribes, Federal Agencies 
 

Core team reviews FR notice, 
make revisions 

SSA core team, 
Justin Shoemaker 

Feb 12-Feb 26 2 weeks 

Regional Office Surnames and 
concurrence 

Marjorie Nelson, 
Mike Thabault, 
Matt Hogan, 
Noreen Walsh, and 
concurring regional 
RDs/ARDs or 
delegates 

Feb 26-March 12 2 weeks 

SOL surname DOI SOL Feb 26-March 12 2 weeks 
PPM and HQ ES surname PPM, HQ ES Feb 26-March 12 2 weeks 
Revise based on RO/SOL/PPM 
comments 

Justin Shoemaker March 12-March 
26 

2 weeks 

HQ review  Sarah Quamme, 
Bridget Fahey 

March 2621-? 2 weeks (submit 6 
weeks prior to FR 
submittal date) 

Asst. Director for ES Surname Asst. Director for ES April 4? 54 business days 
FWS Director Surname Director of FWS April 11? 5 business days 
Fish, Wildlife, and Parks 
Surname 

FWP ?April 18 10 business days 

Executive Secretary Surname Executive 
Secretary’s Office 

May 2? 3 business days 

Deliver to FR HQ May 7  
Publication of withdrawal or 
proposed rule 

Federal Register May 14  

Public comment period on 
revised proposed listing (only if 
decision is to list) 

 May 14-June 12 30 days 

Process for final listing Federal Register document 
Comment and response strategy 
meeting – develop plan to 
review and address comments 
received  

SSA core team, 
management  

Mid May (TBD) half day 

Review and address public 
comments on proposed listing 

SSA core team, 
support staffing as 
needed from R6 RO 

June 12-July 16 1 month 

Meeting with decision team to 
discuss public comment and any 
new info, revisit decision  

Marjorie Nelson, 
Mike Thabault, 
Matt Hogan, 
Noreen Walsh, and 
concurring regional 
RDs/ARDs or 
delegates 

Early July 2018 half day 

Draft final listing FR doc (if 
necessary 10(j), 4(d)) 

Justin Shoemaker 
and Betty Grizzle 

by July 16 2 months from 
proposed listing 
publication 

SSA core team reviews FR 
notice, make revisions 

SSA core team July 16-July 23 1 week 

Commented [SC2R1]: Counting back from the FR date of May 
14, the document will need to come in here on March 21.  If you 
want to calculate the dates from submitting HQ on March 26, you’ll 
get a slightly later FR date in May. 
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*Includes States, Tribes, Federal Agencies 
 

Regional Office Surnames and 
concurrence 

Marjorie Nelson, 
Mike Thabault, 
Matt Hogan, 
Noreen Walsh, and 
concurring regional 
RDs/ARDs or 
delegates 

July 23-Aug 6 2 weeks 

SOL surname DOI SOL July 23-Aug 6 2 weeks 
PPM and HQ ES surname PPM, HQ ES July 23-Aug 6 2 weeks 
Revise based on RO/SOL/PPM 
comments 

Justin Shoemaker 
and Betty Grizzle 

Aug 6-Aug 13 1 week 

    
HQ review  Sarah Quamme, 

Bridget Fahey 
Aug 713 6 weeks prior to FR 

date 
AES Surname Assistant Director 

Ecological Services 
Aug 21 5 business days 

FWS Director SurnameSignature Director of FWS Aug 28? ?5 business days 
Fish, Wildlife, and Parks 
Surname 

FWP Sep 5? ?10 business days 

Executive Secretary Surname Executive 
Secretary’s Office 

Sep 19? 3 business days? 

Deliver to FR HQ Sep 24  
Publication of final rule Federal Register Sep 28, 2018  Note: We’ve 

committed to final 
rule in FY 18 in the 
work plan 
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From: Shoemaker, Justin
To: Grizzle, Betty
Subject: Re: DRAFT talking points for RO call next week
Date: Friday, May 26, 2017 9:42:03 AM
Attachments: Talking Points_JS.docx

Looks good. I added a bit about DPS, feel free to take it or leave it. 

Justin Shoemaker
Classification Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Fri, May 26, 2017 at 9:39 AM, Grizzle, Betty <betty_grizzle@fws.gov> wrote:
Hi Justin - I prepared this fairly quickly yesterday afternoon.  Please take a look and
add/edit.  I will try to contact WGI today.
Thanks.

-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax

mailto:justin_shoemaker@fws.gov
mailto:betty_grizzle@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:betty_grizzle@fws.gov
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Talking Points – Funding Request for Wolverine Genetic Analyses 
 
Background 
 
In the U.S. District Court decision (April 4, 2016), the court remanded our withdrawal of the 
wolverine proposed rule for further consideration based on two primary issues: 1) ignoring best 
available science in dismissing the threat to wolverine from climate change and 2) ignoring best 
available science by dismissing the threat to wolverine from genetic isolation and small 
population size. Specifically, the court said that, in our 2014 withdrawal, we failed to articulate 
how our statements regarding the following did not constitute adverse effects to wolverine: 

• Apparent loss of connectivity between Rocky Mountains and Canada prevented influx of 
genetic material needed to maintain or increase the genetic diversity in contiguous U.S. 

• Effective population size is too low to support the subpopulations in contiguous U.S. 
• Genetic drift has already occurred in subpopulations in contiguous U.S. as compared to 

Canada, and a continued loss of genetic diversity may lead to inbreeding depression and 
inability of wolverines in contiguous U.S. to persist 

Thus, we need to evaluate our statements that there is “good evidence” that genetic diversity is 
lower in wolverines in the contiguous U.S. as compared to Canada and Alaska. We also need to 
determine whether there is a threat for inbreeding depression based on small population. 
 
The following talking points provide potential pathways for addressing the court’s remand. 
 
Microsatellite analysis 

• Provide funding to USFS genomics lab (Missoula) to prepare microsatellite loci analyses 
using existing samples provided to this lab (by western States) to examine current genetic 
structure of wolverines in contiguous U.S. Costs are estimated at $60,000 based 
approximately 300 samples collected already submitted, at $200/sample. 

• Provide funding to independent lab (e.g., Wildlife Genetics International, British 
Columbia) for this analysis. This will require that the USFS lab release collected samples. 
WGI has previously run genetic analyses for wolverines. [Betty is requesting cost 
estimate] 

• Provide funding to FWS Conservation Genetics Laboratory in Alaska. This would also 
require that samples be retrieved from USFS lab. Cost estimated at $100/sample and 
several months (estimate) to complete. However, the costs may, in the long run, be 
similar to USFS as they have not previously run any genetic testing for wolverine and 
therefore would require lead time and materials (additional costs). 

 
If the microsatellite analysis is funded, conduct independent review of USFS 
results 

• Provide funding to FWS Alaska lab to either 1) obtain from USFS lab 50 samples and 
analyze this subsample to verify USFS lab results. Cost likely to be $100/sample. 

• Provide funding to independent lab to prepare review and interpretation of the results of 
USFS analysis to assess current genetic structure of populations of wolverines across 
North America (not just the contiguous U.S.) using results from other studies in GenBank 
that includes wolverines in Canada. 

Commented [SJ1]: I thought $60k was for microsatellite and 
mitochondrial analysis.  Just microsatellite might be less? Steve 
might know.  

Commented [SJ2]: Is there a 2)? 
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Effective population size analysis (if funds available) 
Provide funding for independent assessment of minimum viable population size following 
methods from Koskela (Finland) using results from USFS lab  
 

DPS  
Preliminary interpretation by the FWS Alaska lab of recent genetic studies indicate that 
wolverines in the lower 48 States are likely decedents of wolverines that migrated from Canada 
years ago to repopulate the area after persecution of predators ceased.  As such, wolverines in the 
lower 48 do not represent distinct genetics (no unique alleles) as it may apply to discreteness in 
our DPS policy.  Genetically speaking, recent studies show nothing significant in the lower 48, 
also as it may apply to the DPS policy.  Any additional knowledge gained through a more 
thorough and complete comparison of genetics of wolverines in the lower 48 compared to 
Canada would provide a more legally and scientifically robust basis on which to base our DPS 
determination.   
 
 
•  
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From: Grizzle, Betty
To: Guinotte, John
Subject: Re: DRAFT talking points for RO call next week
Date: Tuesday, May 30, 2017 8:27:26 AM

John - I wasn't sure if we were submitting 20 or more than this. I will make the change.
FYI - I spoke with WGI on Friday. Give me a call if you want to discuss.

On Tue, May 30, 2017 at 6:57 AM, Guinotte, John <john_guinotte@fws.gov> wrote:
Hi Betty and Justin. I was out Friday and just read this. Looks good to me. I thought be were
only going to send 20 samples to the FWS Alaska lab for the independent review of USFS
result? In the document it is listed as 50.

Also, I noticed Mike has not accepted the invite for the call this am. Do we know if he is
going to be on? If not, we probably need to reschedule. I'm in the office today, but have not
seen him.

Best, John

John Guinotte
Fish and Wildlife Biologist
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region 6
134 Union Blvd., Lakewood, CO 80228
303-236-4264
john_guinotte@fws.gov
                  

On Fri, May 26, 2017 at 11:50 AM, Grizzle, Betty <betty_grizzle@fws.gov> wrote:
Justin - Here is my second edited version (so ignore previous email and attachment).  I
renamed the file name, and left one response to your comment in this draft.

On Fri, May 26, 2017 at 8:41 AM, Shoemaker, Justin <justin_shoemaker@fws.gov>
wrote:

Looks good. I added a bit about DPS, feel free to take it or leave it. 

Justin Shoemaker
Classification Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Fri, May 26, 2017 at 9:39 AM, Grizzle, Betty <betty_grizzle@fws.gov> wrote:
Hi Justin - I prepared this fairly quickly yesterday afternoon.  Please take a look and
add/edit.  I will try to contact WGI today.
Thanks.

-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist

mailto:betty_grizzle@fws.gov
mailto:john_guinotte@fws.gov
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U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax

-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax

-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax



From: Guinotte, John
To: Shoemaker, Justin; Betty Grizzle
Subject: Fwd: draft email to steve.
Date: Tuesday, May 30, 2017 12:10:39 PM

I just spoke to Steve. Question #2 isn't possible. The states only paid for 1. Identification of
whether or not it is a wolverine and 2. The gender of the wolverine. Have to run the microsat
on all 300 samples to get the individuals.

John Guinotte
Fish and Wildlife Biologist
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region 6
134 Union Blvd., Lakewood, CO 80228
303-236-4264
john_guinotte@fws.gov
                  

---------- Forwarded message ----------
From: Guinotte, John <john_guinotte@fws.gov>
Date: Tue, May 30, 2017 at 11:47 AM
Subject: draft email to steve.
To: "Shoemaker, Justin" <justin_shoemaker@fws.gov>, Betty Grizzle
<betty_grizzle@fws.gov>

Hi Justin and Betty, Can you both take a look at these and let me know if I missed something,
etc. here? If not, I will send to Steve and cc Mike.
thanks John

Hi Steve,

We talked about what is needed cost estimate wise after you jumped off.

We need to know the following from Schwartz:

1. What is the total cost to run microsatellites only on the 300 samples he has in hand?

2. Could he run a sub-sample of the 300 samples and still get us the answers we need? If the
answer is yes, how many samples would he have to run to give us a statistically rigorous result
and what is the total cost?

3. What is the cost of doing the blinds and who would do them? This doesn't seem very doable
to me now.

John Guinotte
Fish and Wildlife Biologist
Ecological Services

mailto:john_guinotte@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:betty_grizzle@fws.gov
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U.S. Fish and Wildlife Service
Mountain Prairie Region 6
134 Union Blvd., Lakewood, CO 80228
303-236-4264
john_guinotte@fws.gov
                  

mailto:john_guinotte@fws.gov


From: Grizzle, Betty
To: Guinotte, John
Cc: Shoemaker, Justin
Subject: Re: draft email to steve.
Date: Tuesday, May 30, 2017 12:11:01 PM

#1 and #2 look fine.  I think #3 is not relevant at this point. 
One other thing, we need to make sure that the total cost includes preparing appropriate
statistical analyses and interpretation of those results.

On Tue, May 30, 2017 at 10:47 AM, Guinotte, John <john_guinotte@fws.gov> wrote:
Hi Justin and Betty, Can you both take a look at these and let me know if I missed
something, etc. here? If not, I will send to Steve and cc Mike.
thanks John

Hi Steve,

We talked about what is needed cost estimate wise after you jumped off.

We need to know the following from Schwartz:

1. What is the total cost to run microsatellites only on the 300 samples he has in hand?

2. Could he run a sub-sample of the 300 samples and still get us the answers we need? If the
answer is yes, how many samples would he have to run to give us a statistically rigorous
result and what is the total cost?

3. What is the cost of doing the blinds and who would do them? This doesn't seem very
doable to me now.

John Guinotte
Fish and Wildlife Biologist
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region 6
134 Union Blvd., Lakewood, CO 80228
303-236-4264
john_guinotte@fws.gov
                  

-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
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760-431-9440, ext. 215
760-431-5901 fax



From: Grizzle, Betty
To: Guinotte, John
Cc: Shoemaker, Justin
Subject: Re: draft email to steve.
Date: Tuesday, May 30, 2017 1:13:01 PM

Looks fine. Thanks, John.

On Tue, May 30, 2017 at 12:11 PM, Guinotte, John <john_guinotte@fws.gov> wrote:
Hi, After talking w Steve and Betty again today, I reworked the questions. I think this should
be final. Please let me know and I'll send to Steve and Mike. thanks John

Hi Steve,

We talked about what is needed cost estimate wise after you jumped off.

We need to know the following from Schwartz:
 

1. Does Schwartz know how many wolverine samples there are in the 300 total hair
samples he has in hand? Is it 100, 150? 
2. What is the total cost to run microsatellites only on the wolverine samples? When will
he have the results?

   3. Need to make sure his cost estimate includes appropriate statistical analyses and interpretation of those
results.

John Guinotte
Fish and Wildlife Biologist
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region 6
134 Union Blvd., Lakewood, CO 80228
303-236-4264
john_guinotte@fws.gov
                  

-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax
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mailto:john_guinotte@fws.gov
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-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax



From: Guinotte, John
To: Joseph Barsugli - NOAA Affiliate
Cc: Stephen Torbit; Betty Grizzle
Subject: Re: Fwd: snowpack projections?
Date: Thursday, June 1, 2017 3:00:41 PM

Thanks Joe. Appreciate the feedback.
Best, J

John Guinotte
Fish and Wildlife Biologist
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region 6
134 Union Blvd., Lakewood, CO 80228
303-236-4264
john_guinotte@fws.gov
                  

On Thu, Jun 1, 2017 at 1:46 PM, Joe Barsugli <joseph.barsugli@noaa.gov> wrote:

At the elvel of spatial scale it is similar to the McKelvey/Littell data.  Perhaps it could be
used as a replacement for the Littell data.   

The snow model is...not physically based.  I am hesitant to say much more without reading
the papers (beyond the abstract) -- but it is a statistical model based on the Nov-Mar average
precip and mov-mar average minimum temperature.  The regressions based on SNOTEL
data are then applied to the Tmin and Precip values at the unobserved grids.  I mean, why
not just run a temperature-index snow model at each grid (as Candida has done for another
project?)  Or in our case a full energy and water balance snow model?       

All in all

a) I prefer full energy balance snow models for climate change work.  (statistical
realationships may not be stationary)

b) the selective siting of SNOTEL sites makes the regressions unrepresentative. (they may
have dealt with this in the deatils I haven't read..)

Joe

On 6/1/2017 8:22 AM, Guinotte, John wrote:

Hi Joe,

When Betty was here we spoke about potential projections for snowpack across
the rest of the wolverine range. I had a quick look at this site this am. If you go
to the "raster layers for the continental US" link there are several snow raster

mailto:john_guinotte@fws.gov
mailto:joseph.barsugli@noaa.gov
mailto:Stephen_Torbit@fws.gov
mailto:betty_grizzle@fws.gov
mailto:john_guinotte@fws.gov
mailto:joseph.barsugli@noaa.gov


layers available, including a "Future April 1 SWE" product. The metadata says:

"April 1 SWE and snow residence time were modeled using the spatial analog
models of Luce et al., [2014] (see also Lute and Luce, in review). These models
are built on precipitation and snow data from Snowpack Telemetry (SNOTEL)
stations across the western United States and temperature data from the
TopoWx dataset [Oyler et al., 2014]. To simulate historical and future gridded
snow, the models ingest gridded winter cumulative precipitation and winter
average temperature (from the MACAv2-Metdata dataset described above).
While the snow models have been rigorously validated [Lute and Luce, in
review], their application to gridded climate model data has not been evaluated"

I'm wondering what you think of this. It looks like the spatial resolution of the
model data is approx 4km x 4km. The "Future April 1 SWE" product is RCP8.5
for 2080. If it looks like this is something we could use, I can get in touch with
Luce and ask if they have a product for 2050.

Thanks John

John Guinotte
Fish and Wildlife Biologist
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region 6
134 Union Blvd., Lakewood, CO 80228
303-236-4264
john_guinotte@fws.gov
                  

---------- Forwarded message ----------
From: Luce, Charlie -FS <cluce@fs.fed.us>
Date: Wed, May 31, 2017 at 10:12 PM
Subject: RE: snowpack projections?
To: "Isaak, Daniel -FS" <disaak@fs.fed.us>, "Guinotte, John"
<john_guinotte@fws.gov>

Hi John,

I’m glad you are interested in snow!  We do have some maps up on the web.  They
are pretty strictly focused on Forest Service lands at this time, but there is a link for
full CONUS arcgis coverage (TIFF) at the bottom of the page.

 

https://www.fs.fed.us/rm/boise/AWAE/projects/national-forest-climate-change-
maps.html
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mailto:cluce@fs.fed.us
mailto:disaak@fs.fed.us
mailto:john_guinotte@fws.gov
https://www.fs.fed.us/rm/boise/AWAE/projects/national-forest-climate-change-maps.html
https://www.fs.fed.us/rm/boise/AWAE/projects/national-forest-climate-change-maps.html


I’d be interested in the utility of these for snow-dependent species and if any
additional information might be useful.

 

Best,

Charlie

 

 

Charles Luce, PhD 
Research Hydrologist
Forest Service

Research and Development

Rocky Mountain Research Station
p: 208-373-4382 
cluce@fs.fed.us

https://www.fs.fed.us/research/people/cluce
322 E Front St. 
Boise, ID 83712
www.fs.fed.us 

Caring for the land and serving people

 

 

From: Isaak, Daniel -FS 
Sent: Wednesday, May 31, 2017 10:47 AM
To: Guinotte, John <john_guinotte@fws.gov>
Cc: Luce, Charlie -FS <cluce@fs.fed.us>
Subject: RE: snowpack projections?

 

Hi John, I’m not an expert on snow but I work with one, Charlie Luce who’s
a research hydrologist here in our lab (ResearchGate profile:
https://www.researchgate.net/profile/Charles_Luce ). I’ve cc’d him on this &
he’ll know what exists for snow cover projections and datasets relevant to
wolverines in the west. Best, Dan
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From: Guinotte, John [mailto:john_guinotte@fws.gov] 
Sent: Wednesday, May 31, 2017 7:20 AM
To: Isaak, Daniel -FS <disaak@fs.fed.us>
Subject: snowpack projections?

 

Hi Dan,

 

I'm working on the wolverine species status assessment and I'm wondering if
you have future snowpack projections across the west? I thought you might
have this as part of the Climate Shield project.

 

Thanks John

John Guinotte
Fish and Wildlife Biologist

Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region 6

134 Union Blvd., Lakewood, CO 80228

303-236-4264
john_guinotte@fws.gov

                  

This electronic message contains information generated by the USDA solely for
the intended recipients. Any unauthorized interception of this message or the
use or disclosure of the information it contains may violate the law and subject
the violator to civil or criminal penalties. If you believe you have received this
message in error, please notify the sender and delete the email immediately.

-- 
Joseph Barsugli, Research Scientist III
CIRES, UCB216
University of Colorado Boulder
Boulder CO 80309
303-497-6042
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PSD Science Board and 
Attribution and Predictability Assessments Team Member
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