Evaluating Future Hydrologic
and Ecologic Changes
in Coastal Watersheds




Hydrology and Ecology in
a Changing Climate

» What dosecologists needifor land
management decisions?

— What processes;are Impontant?.

— What environmentalivarniables?

— Whatitemporal and spatial’scales?
llools andiinformationravailaklerfor

projections ofi future ecoelogical
conditions
— Parametersiavailable fromiglobal climate

models: precipitation, maximum:and
mMiRiImMum air temperature

— Predictive models: mathematical,
statistical; numerical; physical




Hydrology and Ecology in
a Changing Climate

Distributions; of-waterflow; snew:accumulation
and melt; solllconditions); and other
environmental attiibutes underclimate change
SCEnarios; are necessany, atrelevant
resolution;, for reseurce management andican
provide the framewerk forlocal detailed
pProcess models

— Streamfiow
— \/olume, timing, temperature; peaks
— Capacity to transport sediment
Soil mojsture
Maximum and minimum,airtemperature
Evapotranspiration
Energy/loading




Regional Hydrologic
Modeling for Coastal
Basins

* Provides aregional
perspective for resoeurce
management
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Change in Snow: Klamath Basin
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Change! in Water Availability:
Klamath Basin
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Annual Potential Evapotranspiration
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Generation of Annual Runoff
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Outline

Regionalimodel description

Current climate in Califernia
coastal basins

» Application of-dewnscaledifuture
climate scenarios to California
coastal basins




Recharge and Runoff

Basin CharnacterizationViedel (BEV)
— runin EORIIRAN
— uUses grid-basedidata atiany: DENresolution
—  calculates in=place rechange o generatedirtnofi

Potential evapoetranspiration (EPrestiey=iiayion)

— solarradiationmoedelediusing tepographic
shadingland cloudiness
— Vegetation density,

Show: accumulationrand meltbasedien NWS
Snew-17: Viedel

Soils (STTATSGO): hydraulicipropeties and
depth determine: soll sterage

Geology (state:maps)iis used terestimate
pedrock permeaility

Precipitation andiaiiftemperatureravailale
using PRISM datasets and downscaled G EIV]s
for future climates




Regional Model
Calibration
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Climate Change Scenarios

Climate modelldata at 2.5 degree
resolution were downscaled te
1/8 degree, 12-kmiusing a
constructed analogues: methed
by Hidalgo et al. (2007)

TThese data were further
downscaled to 4-kmi using a
gradient-inverse-distance-
squared (GIDS) method

Statistical transformation was O BN Vximum

used to ensure that therclimate m——— " |\ WL

model and historical datarhave J(ucf;e 2053

similar statistical propenties: the iy 1 510
mean and standard deviation) of e 10-18
: e dz 18- 21

the 1970-2000 periodiwere used w0 &/ .
for corrections L 2 T |2
' A 27130

Data was further downscaled to —i -
270-m using| GIDS for model Merced Y 33- 36
application e 36 - 38
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Climate Change Scenarioes

State of' Califernia s using four
“families®’ oftemission SCENANOSILO
investigate poessible future climate
changes

IPCC Fourth climate assessment
provides: recent model simulations

Geophysical Eluid DynamicsiLab
(GEDL); and NCAR s Parallel
Climate Viodel (PCIVI)

— A2 medium=high' emissions
— B low emissions




Climate Projections for California
for Endiof Centuny

GFDL-A2 scenario

Change in Air Temperature, C Change in Precipitation, %
Summer Winter Summer Winter

Northern Calif. 6.4 3.4 68 -9

Southern Calif. 5.3 3.3 44 2
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Northern California Southern California
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Average Streamflow
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Change in Streamflow: Current to Future
—e— Average flow 1940-2001 to 2001-2050 —o— Average flow 1940-2001 to 2050-2099
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Summary

Climate change projections Were
downscaled|torecologically relevant
scalesiand scenario GEDIE-AZ'was
translated torhydrologicivarnablesior
gaged and ungagedibasins forall
California coastal basins

Projected streamfiow!differediamong
northern and southern asins

— Northeribasinsigenerally hadilessiaverage
flow withrincreased variabjility/laterin the
century.

— Central basinsigenerally had moreaverage
flow andivariability’eanlyiinthe centun/and
lessiavernage flowandivariability late

— Southernibasins had moere average:fiow
and more vanability




Potential Application offRegional
Modeling to Ecologic ReSeUrCeES

Region-wide monthly distributions;of;
— natural streamfiowand timing

— spowmelt and timing

— alrtemperature

— potential evapotranspiration

— sollimojsture

Changes inimonthly flows alongjwithisoil type;
conditions; andisliepge; cotld providelindications
oftvulnerability/ toisediment transport

Timing of temperature and mojsture conditions
can be applied tor petentialichanges in plant
distributions; foresthealth; and vilnerabilityte
wildfire

Regional hydroelegic conditions;can be applied to
ecologicallassessments such astELOEA;
describing the baseline conditionsiiorthe
“hydrologic foundation® for environmental fiows




Ongoing Work

Doewnscalingroeifadditionaliclimate
prejections

Calibration effwater-halance modelftor190
Ungaged hasinsiintCaliiomia

Application te Vareus gretnd=water
models threughoeut Califemmiaand
IntegratienwithrViedfilew.

Refinement off Water-halance mode)

— dainly timerscale
o applicableterenvirenmental iews
o applicabletersediment transpoert

seasoenallty/infvegetauon density,

s couldralsennciudertemporalvarmauoen
associatediwithiregionalldistibuleRSs o,
wildfire

varaten inrutire potentalfevaporatien

selar radiaien cCompeRENELE SITeW: mEelt

o DWRmoedel(SnowEiv)isthased onrair;
temperature enly and don i reflectvarnamon
due o topegraphic shiadinagiiremew sin
anglewhensnoew meleceurs earierin e
season dueterwarming

refinement e npudatasuchras SSURGO
seil datarand fine:-scale’geolegichmapping







