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1. Introduction 2. Experimental Design

The dynamical downscaling is performed using the Weather Research and Forecast (WRF) model, version 2.2.1 (Skamarock et al. 2005). The
nhouse gases (GHGs) wil occur in this century. Future changes in the regional hydroclimate in response 1o the model solves a non-hydrostatic momentum equation in conjunction with thermodynamic energy equation. Numerically, the model features multiple = -

global change is an important concern in California that is characterized by extreme contrasts in precipitation with wet options for the advection scheme and the parameterized atmospheric physical processes. In conjunction with one-way and/or interactive self

cold seasons and dry warm seasons. California relies heavily on cold season precipitation and snow accumulation for the nesting capability, this allows us to apply the model to simulate atmospheric circulation of a wide range of spatial scales. More details of the WRF

water supply in the dry warm seasons. Observational studies (e.g., Dettinger and Gayan 1995; Stewart et al. 2005) model can be found in the web site http:/wrf-model.org. The physics options selected in this experiment includes the NOAH land-surface scheme
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Figure 3.4 The spatial variations in the seasonal precipitation

changes are associated chiefly with the rainfall changes. One
exception is in the northern Sierra Nevada region where rainfall
increases in both seasons. The increase in rainfall in the region is

D e o e (Chang et al. 1999), the simplified Arakawa Schubert (SAS) convection scheme (Hong and Pan 1998), the RRTM longwave radiation scheme
el oo T ol psebSaments of tho moact ot the chmate chanes on 1 Totere wator foourtes Miawer et al. 1997), Dudhia (1989) shortwave radiation, and the WSM 3-class with simple ice cloud microphysics scheme. For more details on one of the most important consequences of the low level
specially agriculure, Thus, reliable e impact o o future water resources in . pweics Optlone (6adura e 1ot 163 10 the web e Fpa Mmodelorg warming; converting snowfallin colder climate into rainfall in
) warmer climate.

the region has been an important concern to the water managers in California (Anderson et al. 2008) . This being said,
the ampiitude and consequences of the changes to the global climate are sil far from certain, particularly on regional
and local scalos. Tolustate, Figure -1 shows prjections o the anuel moan sufaco ai temperaure (SAT)change
California from 1 (GCMs) that have contributed to the dth
esseamont Report of the Intergovernmental Panel on Climate Change (IPCC). Noteworthy is the fact that every model
predicts increases in SAT for this region, albeit with an uncertainty factor of 3 at the end of the 215t century. More
problematic for determining the consequences to saciety, agriculture, ecosystem viabilty, etc. are the associated
projections for precipitation change that are shown in Figure 1.1b. In this case, the models are not even in agreement
whether California will become wetter or drier with the uncertainty ranging up to +~ 20% of the annual mean rainfall.

Figure 2.1 The model domain and the terrain (m) represented at the 36km resolution.

The domain covers the western United States (WUS) region at a 36km resolution and 27
sigma layers. The inner box shows the California region for which the results are
" presented. At this horizontal resolution, the model terrain captures major orographic
variations in the WUS region; however, the high elevation regions in the Sierra Nevada and
the narrow but steep coastal terrain is somewhat under-represented.

Figure 3.5 Snowfall decreases everywhere in California except in a small
region in the Sierra Nevada where the model terrain exceeds 2500m during
winter. In this very high elevation region, the winter snowfall change signals
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Figure 1.1 Model simulations of the changes in annual mean surface air temperature (left) and precipitation (right) for Southern/ ‘plot WRF output emission profile (Nakicenovic et al. 2000). The [Trow | (03
Cenual Calfoma relatve 1o a lmalology calcated for the period 1900-1989. Each e represenis a dfferent GCM contribution HConstnitinput data emisslon scenario assumes belanced energy ~ ™
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the resulling CO2 emissions s located near
the averages of all SRES emission scenarios.
The climatology for the late 20th century and
mid-21st century periods is calculated from

‘GHG forcing contions, while the period after is based on “projected i, SRESATB scenario) GHG forcing condito
in Figure 1.1, especially lies in the fact that the
global models pocmy, or 6o not, resalve important physical processes and terrain variations tha are fundamental for a
realistic simulation for regional scales. To ilustrate, Figure 1.2 compares a global SAT map for Jan 1999 from one of the

GCMs in Figure 1.1 and the MODIS-derived SAT. Also shown in the figure is false-color images for an embedded sub- >
‘domain in the region. Evident s the extremely rich environmental structure that includes variability in atmospheric (e.g. 1 NNRPZFILE (by RVasic) the 20 cold season regional simulations for .
clouds), oceanic (e.g., temperature and Chl), and land surface (e.g., topography, vegetation types, snow cover) hEm e reads the NCL 1961-1980 and 2035-2054, respectively. The
procosses a very fine spatal scales (Dx ~ fm). Tis siruciure is simply not represenied by the GCMs. Thi s  crucial tre M smalayer — atputs o crst by cold season covers the 6-mo period Oct-Mar
problem in California in which spatial distribution of precipitation s strongly correlated with the complex terrain in the level data fead by WP and includes two seasons; fall (OND) and 4, Z\ ;
region. Winter (JFM). The CO2 concentrations in the A
WRF simulations have been fixed at 330ppmyv
New initialization components. Figures 3.6 and 3.7 shows that in response to the changes in precipitation characteristics (Figure 3.4 and 3.5), the seasonal mean SWE and runoff in high elevation regions decrease
and 430ppmv during the present-day and substantially in the warmer climate. SWE will exert an season ply n the region
Figure 2.2 The data flow in the regional climate change projection mid-21st century periods, respectively.
Table 1. The climate between (1961-1980) in key surface
hydrologic variables. The numbers in the parenthesis indicate the terms of the percent of the late 20th century RCM climatology. The percent
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Season NC sc SH NS ss
[ Figure 3.1 Low-evel air temperature |
< Fall (OND) 22.5(11.5) 66(-11.7) 235(15.2). 16.1(9.85) -16.0 (-15.4)
Figure 1.2. Global (left) and southwest US (middle) surface ai temperature for Jan (o) Ociober rch o OND. . Figure 3.1 The projected climate change signal shows that Precipitation (mm/mo) Winter (JFM). 644 (-21.5) 151 (14.6) 448 (47.2) -82.6 (-26.6) -39.8(-20.9)
om 1PCC's 4n y the low-level air temperature will increase in California by Oct-Mar 310 (6.48) 160 (136) Co7(52) 502 (140) o7 (100)
Assessment. (right) MODIS-derived surface skin temperalure and false-color images Y 1-2.5K with noticeable variations according to geography
at 1km resolution for a region in California for midday June 3, 2005. Blue->red in X and season. Seasonally, the temperature signals are larger Fall (OND) 254 (13.5) -6.7(-122) 34.8(28.0) 296(22.7). -36(5.1).
Z:f:.!“f;,iﬁmf"gmy 25 -35C->34C, 6C->16C, 13C->54C for left, middle, right y in winter (Fig. 3.2¢) than in fall (Fig. 3.2b). Geographically, Rainfall (mm/mo) Winter (JFM) 547 (:19.4) 155 (-15.0) 140.(6.99) 458 (19.1) 122(10.7)
- the projected warming signals vary according to latitudes, Oct-Mar 146 (6.20) 12(140) 104 (6.4) 81 (44) 79(86)
; the distance from the coastline, and terrain elevation. The Fall (OND). 29.(417) 02 (rva) 1134405 135(405) +125(365)
(€] SWE (CCSM 1281-1580) (b) SWE (CCSM. 2085.2054) o
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° . 0 var ¥ 63 (500) 03 (v 211 (- 251 (487) 200365
Py g terrain elevation with the largest warming signals occurring Oct:Mar (500) () 21.1 (469 a87) = (_‘53 ‘)’
s o £ in the high elevation Sierra Nevada region. Fall (OND) 0.1(04) 02(112) 0768) 19.107)
E N . Runoff (mm/mo) Winter (JFM) | __ -129.610.4) 34(282) -36(38) 249 (228) 165 (29.4)
a Oct-Mar 6.5 (-50.0) -1.78 (-26.7) -14(27) 134 (-21.0) -115(:346)
, Fall (OND) -2.89 (42.0) 0.2 (n/a) 101 (36.4) 13(377) ~85(299)
— —_— . - (- - (- -30.7 (-38.6)
975 0 " 1 )
Figure 1.3. a (SWE) "and mid- o Figure 3.2 Surface albedo Snowmelt (mm/mo) Winter (JEM) 9.75 (-52.8) 0.4 (n/a) 32.3 (-51.9) 39.4 (-54.0)
w . . . Oct:Mar 62 (50.0) 03 (va) 212 (47) 254 (492 196363
The lack of spatial resolution and the associated inadequate represemahun of aragvaphy in global models tend to Figure 3.2 The projected changes in surface albedo Fall (OND) 0.1 (423) 00(00) 11 (82.9) 1.4 (29.9) 127
resultin substantial errors in surface hydrologc fields. An examy 1.3; The NCAR-CCSMS could s decreases significantly in the high elevation regions in T 5506 S5 STE i
not resolve the Sierra Nevada and the snow pack in the region. a. northemn California and the Sierra Nevada. The changes in SWE (mm) Winter (JFM). 13 (78.5) (0.0) o [ o q' “‘l 52!0 - ; : )
albedo are negligible in low elevation regions. The decrease Oct-Mar 06 (608) 00(00) -32(520) (520} S2¢611)
To address the above needs, the UCLA Joint Institute for Regional Earth System Science and Engineering (JIFRESSE), a - in surface albedo is more pronounced in winter than in fal as Fall (OND) 087 059 0.5 008 138
collaboration between UCLA and the Jet Propulsion Laboratory (JPL) o improve and to develop projections " juncti i i i T80
the impact of global climate change on regional climates and environments, has developed a comprehensive Regional :’negl!w I:ckozzl:w"z“un" Fw‘:::e (ges C(’Il:"?::ull‘: ;::;:":‘Ia( a‘gg e wunier (F) £ 2
Earth System Model (RESM) that contains advanced treatments of the physical and dynamical processes in the atmosphere, 15 WP o N ‘gh e hioh clovat . Oct-Mar 130 136 136 46 174
constal bcean, and land-surlace (Figure 1.4, The REGMI 1 based on one.nay and/or mieractve neding of e modcls for m projected temperature change in the high elevation regions
limited-area atmosphere (WRF), ocean (ROMS) and air quality (CMAQ). are partially augmented by local snow-albedo feedback.
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This study investigates the impact of the climate change induced by increased GHGs on the surface
hydroclimate in California by dynamically downscaling a global climate scenario generated by the NCAR
CCSM3 on the basis the IPCC SRES-A1B emission profile. Details on the experiment are presented in
Section 2. Section 3 present the climate change signals in the key surface hydroclimate during the cold
season.




