


Introduction

Evaluating impacts ef'climate’change
onwater resourncesiand ecologic
processes on the landscape isian
integral part of land and reseurce
management

Spatialiscale ofi climate projectionsiis
one of the largest constraintsito
environmental investigations

Iiransiation| of climate projectionsiinto
hydrologic response;atiaifinerscale’is
necessany forunderstanding
Processes at the scaleatiwhnichithey
OCGCUr



Change In
Precipiiation

1970-2007

(mm/year)
-1,600 -> -200
-200 -> -100
-100 -> -50
B s0->-25
B o500
0->25
25 -> 50
50 > 100
100 -> 200
200 > 1,250
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Change In
Minimum
Alr llemperature

197 0-200¥
(mm/year)
-4 -> -1
-1->-0.5
-0.5->0




Change In
Maximum
Alr Temperature

1970-2007
(mm/year)
-4 -> -1
-1->-0.5
-0.5->0
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Dewnscaled Prejecied irendsinibDecemperPrecipliaiien

By IWOHAPRIGACHES
(GEDL €M2. 1, AZ emissions, 24st Centuiy)

2000-2098 TRENDS 2000-2098 TRENDS
IN PRECIPITATION (BCSD) IN PRECIPITATION (CA)




Processing of Climate Change Scenarios 124_? 2

Statistical Dewnscaling

» GCIVIdata at' ~275-km reselution
were downscaled te 12-kn using
constructedanalogues

Spatial Downscaling and Bias; Correction 4-km’.f‘"'

o Spatially'downscaledi te 4-kmiusing a
gradient-inverse-distance-squared
(GIDS) method

s Statistical transformation ensures
that the climate moedel and
historical data have: similar
statistical propernties: the mean
and standard deviation of'the
1950-2000 periodiwere used
for Conrections

AT,

210 ©

Data is further downscaled to
270-m using GIDS for moedel
application
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Gradient Inverse Distance Sguared (GIbS)
approach te fine reselutien dewnRscaling

[Fer every: month, forreveny grid cell; anrequation isideveleped ierdewnsecale
from 12-km 1o/ 4-kim' en the basis; of;

¥ 7, +(X - X)XC,+(¥ =1,)xC, +(E—EI)><CE] [ o ]

> p

;Z?

=1 i i=1 **;

(Nalder and Wein, 1998)

Z = climate varniable efiinterest, precipitaton o aittemperaiureran4=km grdicell
Z. = climate vaniablerat-12-kim grid cell

X = easting

Y. = nornthing

E = elevation

N = number; of 12-kmi grid cellsiinithe speciiiedisearchiradius

di = distance from|4-km site o d2=kmcell (Mo ESS than IZ=Kii ProVid ESHUGYEr)
€, €, C. = Iegression| Coefficientsioreasting; nonningyancielevation

Search radius of 27 km limitsiinfilence: el distani datas, allows o = 21425k
cells te estimate eachi4-kni cell; weighted 1o the closest Cell



Bias Correction

Climate modelldata representsi trends: or
changes, not abselute values

Statistical transfermation| s NEcessan/ lerensure
that the climate model and histencal data have
Similar statistical preperties

Measured haseline period, 1950-2000), ISTused
for correction of climate data

\/arious, appreaches incliude
o Quantile: mapping and adjustment off CIDES
s Statisticaliscaling

s annuallaverages;or moenthly averages:
albselute difference: fer iemperature; rato
for precipitation

o monthly averages spatially:explicit; Using
a correction facter fer eachrgrid cell and
mean and standarnd deviation ofithe
paseline peried Used or CorecHon




Processing of Climate Change Scenarios) |25k

Statistical Dewnscaling

» GCIVI data at' 275-kmiresolution were
downscaled to 12-kni using
constructedanalogues

Spatiall Downscaling and Bias Cerrection Al

«  Spatially'downscaledite 4-kmusing a
gradient-inverse-distance-squared
(GIDS) method

o Statistical transformation ensures
that the climate moedel and
historical data have: similar
statistical properties: the mean
and standard deviation of'the
1950-2000 period were used
fOr COnreCtions

AT,

(C)

[Datalis further downscaled to
270-m using GIBS fer medel
application
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4-km
grid cells
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270-m
grid cells




270-mgridat =
station location”
Elevation 366 m ™ _



Comparisen of climate
parameter estimates of 4-
km| gridi andl dewnscaled
270-m grid termeasured
data for Hepland ES CIMIS
station
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Precipitation

200 400 600
Measured Precipitation, mm/month

o CIMIS measured data @ PRISM 4 km 0oPRISM Downscaled to 270 m

PRISM Minimum Air Temperature, deg C

PRISM Maximum Air Temperature, deg C

@ 4-km
O Downscaled to 270-m

Tmin

10 15

Measured Minimum Air Temperature, deg C

15 20 25 30

Measured Maximum Air Temperature, deg C




Maximum Monthly
Air Temperature

[0 NWS stations

O CIMIS stations

@ 270-mis 0.5 - 1.0 degrees C
closer than 4-km to measured

© 0.1 - 0.5 closer to measured

O within 0.1 of measured

O 0.1- 0.5 further from measured

@ 0.5 - 1 further from measured

Comparedimeasuredinentaly,
Precipiiation

Viaximun aliFiemperaiue
MiRimun aiFiemperaitne

and

A=Kk PRISIV
Doewnscaled 270-mrPRISIVI



[0 NWS stations

O CIMIS stations

@ 270-mis 2 — 5 mm closer than
4-km to measured

O 1 -2 mm closer to measured

O Within 1 mm of measured

O1-2mmfu m measured

@ 2 — 10 mm further from measured
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Monthily: Precipitation

® 4-km
O Downscaled to 270-m

4-km = 0.7499x + 7.1052

270-m = 0.7567x + 7.0346
R2= 0.6497

® @

Measured Precipitation, mm/month

Frequency of Occurrence

B PRISM 4-km
B PRISM downscaled to 270-m

15 25 35 45 55 65 75 8 95
Monthly Precipitation, mm




Minimum
Monthly
Air
Tfemp

Maximum
Monthly
Air
flemp

PRISM Tmin, mm/month

® 4-km B PRISM 4-km
O Downscaled to 270-m m PRISM downscaled to 270-m

Frequency of Occurrence

270-m = 0.95x + 1.0282
R?=0.8729

5 10 15 20 6-4-20 2 4 6 81012141618202224
Measured Tmin, degrees C Monthly Tmin, degreesC

4-km =1.0077x + 0.1083
R2=0.9147

PRISM Tmax, mm/month

Frequency of Occurrence

270-m=0.9876x + 0.6168
R2=0.9191

20 25 30 8 10 12 14 16 18 20 22 24 26 28 30 32 34
Measured Tmax, degrees C Monthly Tmax, degrees C



Means and standard! deviations

measured climate parameters
PRISVI climate parameters ior 4=kmjcells
PRISV climate parameters fer 270-m cells

PRISM
PRISM downscaled to Number of

Measured 4-km 270-m stations

Precipitation mean  38.1 35.8 35.7 195
(mm/month) stddev 23.8 22.4 22.2

Minimum Air Temperature mean 8.2 8.8 8.8
(degrees C) std dev 3.5 3.7 3.6

Maximum Air Temperature mean  23.2 23.5 23.5
degrees C std dev 3.5 3.7 3.6




Downscaling Conclusions

» Construcied analogues;technigue
Provides a rgoeus appreach e
downscalingl GEIV datarte regional
scales

o » GIDS approachiterdewnsealing

B climate parameters toa fine

T e resolution generally maintains o
RESNG Y IMpreves, aceuracy By IncCoporatng

o s &z deterministiciieatures represented

< i by topographic relief:
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Hydrelegic Viedeling

Basin Characterization Viodel (BEIV)
— fun in FORTRAN
— Uses grid-basedidata
— calculates in-placerecharge or generated unoefi

Potentiall evapotranspiration (Prestiey-layior)

— hourly selarradiationmedeled Using| tepoegraphic
shadingland cloudiness

— vegetation density,
Snow: accumulation and meltbased on NWS
Snow-17 Viodel

Soils (STATSGO/SSURGO): hydraulic
properties;and depthr determine soil sierage

Geology Is Usedito estimate hedreck
permeability

Precipitation andf aiif temperature;is, availakble
using| PRISM datasets or future projections



Regional Hydrielegic Medeling

Average Annuall Snewpack Average Annual Recharge Average Annuel Runoff

15 - 100
0o - 200
B 200 - <o)
B <00 - 500

750

0 -11,209
1,909




Climatic
Water Deficit

Annual evaporative
demand
that exceeds
available water;

Potential — Actual
Evapotranspiration
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Alameds

Climatic \Water Deficit in Seuth Bay Geopgle Viaps imaee eir SeuiirEay,



Nortn Bay: Vegetaton I/pPes

Bliue @ak Eerest / \Wooedland
Calitermia Bay Forest

|B Douglias Fir Forest
[ Viontane Hardwoods
Redwood Forest
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Climatic Water Deficit Envelopes

Douglas Fir Forest
————V//’lﬁ—

Average 30-yr climate water deficit, mm/yr

80% of cells within 610-800 mm/yr
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Climatic Water DeficiirEnVvelepes

Redwood Forest  80% of cells within 640-800 mm/yr
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90.00% % /: /
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50.00% u
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0.00%

=—2041-2070

Cumulative Probabilty

Average 30-yr climate water deficit, mm/yr

Blue Oak Woodland 54 o ceiis within 710-900 mmiyr
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Douglas-fir
forest
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Douglas-fir
forest

Distribution of
Suitable CWD

1971-2000




Douglas-fir
forest

Distribution of
Suitable CWD

2011-2040




Douglas-fir ¢
forest '

Distribution of
Suitable CWD

2041-2070
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Douglas-fir
forest

Distribution of
Suitable CWD

1971-2000
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Climatic \Water Deficit and Clinaie: Change

Distribution of
Suitable C\WD

Distribution: of
vegetation: type

1971-2000

2071-2100

Redwood fiorest Blue oak ferest/woedliand



Summary

GCM eutputineeds to e dewnscaled for
intendediapplication

—  Scale of resojution
» Regional orlocal processes

" Jransiationithroughhydroelogy:modelsiprovide
impacts offthe interrelated proceSSES

Constructed analoguesiand GIDS
approaches provide nigoras wellfasioptions
for analysisiat multiple; scales

Application of climate projections at fine
scales

—  Provides; simulations; ofienvirenmentallconditions
that occurat thehillsiope scale

—  Reflects enerngy loading processesandichangesin
soil conditions

—  (Correlate tojthe distribution ofivegetation types
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