e oFa\/han

“Yanho gGao1 Chumlc

The ongoing 2000s western U.S. drought has focused attention on drought susceptibility of the Colorado River basin. There is a
concern that many climate models predict permanently drier conditions for the next century over the Colorado basin, however
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Precipitation (P) 1970-1999: Precipitation change (2040-2069)-(1970-1999) :

interpretation pf these projections is cqmpllcated by their coarse spatial lre’solutlon whlch'does nFJt resolve the role of the relatively mm/d annual winter Spring summer | autumn i 5 p—— p— po— P o—
small mountain headwaters area that is the source of much of the basin’s runoff. Regional climate models (RCMs) are able to Maurer et al (2002) 1.03 0.96 1.01 1.13 1.01
- ECHAMS -0.03 (-2.3) | 0.21(11.7) | -0.13 (-10.2) | -0.1 (-10.3) | -0.08 (-6.7)
resolve these spatial scales. ECHAMS5 1.31 1.79 1.28 0.97 12
ECHAMBSMWRE 181 208 174 159 168 ECHAMSMWRF | 0.01(0.6) | 0.17 (7.6) | -0.09 (-5.2) |-0.05(-3.1)| 0.01(0.6)
ccsm3 129 182 134 0.83 115 ccsm3 0(0) |-006(-3.3)| -0.04(-30) |021(253)| -0.1(-8.7)
ethoas ana results
CCSM3WRF 102 15 117 0.51 0.93 CCSM3MWRF | -0.08 (-7.8) | 0.04 (2.7) |-0.15 (-12.8) | -0.03 (-5.9) | -0.19 (-20.4)
We used two simulations with the Advanced Research Weather Research and Forecasting (WRF) mesoscale climate model. The e
first, CCSM3/WRF, used the CCSM3 as boundary conditions, with WRF simulations performed on a grid spacing of 50 km. The Evapotranspiration (E) 1970-1999 : Evaporation change (2040-2069)-(1970-1999):
CCSMB3/WREF results are part of the North American Regional Climate Change Assessment Program (NARCCAP) archive®. The mm/d annual winter spring summer | _autumn . p— po— PWT PR—— -
second, ECHAM5/WRF, used ECHAM5 boundary conditions, with a WRF grid spacing of 36 km. The ECHAM5/WRF simulation “E”Z:f;g al (2002 2'?1 2'22 iig 122 g:g o vor oo Tooram Tooz o 002 ool oos aa
came from Salathe et al. (2009). Both WRF simulations were for a 1970-1999 historical period, and a 2040-2069 future period. In - - - - - 001(09) | 001(23) |002(1.7)|-002(10)| 0.03(34)
X o o ; ; - ECHAMSWRF 117 0.68 129 168 1.02 ECHAMSWRF | 0.04(3.4) | 0.03(4.4) |0.03(2.3)| 0.07 (4.2) | 0.03(2.9)
the future period run, A1B emissions scenario in ECHAMS5 and A2 in CCSM3 were used. The following plots summarize changes ccsw3 0.93 0.66 122 104 082
(future-historical) from the two simulations. CCSVEIRE 052 054 126 3 059 ccsm3 0.09(9.7) |0.08(12.1) | 0.07 (5.7)| 0.16 (15.4) | 0.04 (4.9)
CCSM3WRF 0(0)  [-0.02(-3.7)|0.01(0.8)| 0.03(2.3) | -0.03 (-5.1)
Avernge precipltation change Avernge eviporation change Average SWE change P-E 1970-1999:
A DO D06 )| 1970 1999 AD0M0— 2068 1970 1999 A DOM- 2060 1 1970 1999 )
CCSAVWRE COSMY CCSMAWRF COSM CCSALWIRE COSMS vd annual Winter Spring Summer autumn P-E change (2040-2069)-(1970-1999) :
Maurer et al (2002) 0.16 0.6 0.16 -0.5 0.35 % " - - .
o, o, — ECHAVS 02 135 o1z 099 032 mm/d (%) annual winter spring summer autumn
L ] ; ECHAMSWRE 064 156 045 009 0.66 ECHAMS 0.02(-10) | 0.2(14.8) | -0.15 (-125) | -0.08 (-8.1) | -0.05 (-15)
ccsm3 0.36 116 0.12 021 033 ECHAMSMWRF | -0.03 (-4.7) | 0.14(9.0) | -0.12(-27) | -0.12(-133) | -0.02 (-3.0)
CCSM3WRF 0.1 0.96 -0.09 -0.79 034
s s i ccsm3 0.09(-25) | -0.14(-12) | -011(-92) | 0.05(24) | -0.14(-42)
] 3 ] - CCSM3WRF | -0.08 (-80) | 0.06 (6.3) | -0.16 (-178) | -0.06 (-7.6) | -0.16 (-47)
Annually trends averaged over CO River basin:
MAM MAM Mas |, E ] | — e ] a2 = SWE change (2040-2069)-(1970-1999) :
s LA o 10 B ”-a\,’\’—f S
: Ay At : o m B “1 Kg/m2 (%) annual Winter spring summer | Autumn
Z w ! s ECHAMS 14(55) | -4.8(54) | -0.44(-62) -0.34 (-69)
m ey " @ ¥ Fur ECHAMSMWRF | -2.2(37) | -5.7(-34) | -2.5(-40) -05 (-51)
hoa—r - . - 2 ccsm3 -12(58) | -18.6(-58) | -23.5(-76) -1.9 (-30)
w
i . = CCSM3WRF | -3.2(38) | -6.9(-30) | -5.2(51) -0.8 (-54)
SO0 SO SON
h s 5 : ' = Preliminary conclusions:
Averape precipitation change Average evaporation change aww‘P'—l: : a...-r.',.-mw change »The RCM simulations are mostly consistent with the GCMs in spatial pattern of P and E (although ECHAM5/WRF has much higher
A DO 2065} 1970 1999 D090 2069 1970 1999) 20067} 1970 1999 2000} 1970 1990
ECHAMEWRE ECHAME ECHAMSAVRE ECHAME F(unwmu- ECHAME mmn.mm.— ECHAME P than does ECHAMS).
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*1 CCSMB3/WREF results are part of the NARCCAP archive for a North American domain at 50 km grid resolution. http://www.narccap.ucar.edu/

»The (annual) precipitation changes in both GCMs are small (-2.3% in ECHAMS and zero in CCSM3), however whereas
ECHAMS5/WREF has annual changes that are quite similar to ECHAM5, CCSM3/WRF has a substantial (-7.8%) reduction as compared
to no change in CCSM3. Likewise, ECHAM5/WRF and ECHAMS5 are more similar in terms of E than are CCSM3/WRF and CCSM3.
As a result, changes in P-E in CCSM3 result entirely from changes in E, whereas the much larger changes in CCSM3/WRF come
entirely from changes in P,

»The two global climate models CCSM3 and ECHAMS5 both give smaller annual P-E in 2040-2070 than in 1970-2000 over the
Colorado basin. However, the annual P-E change is smaller in ECHAM5/WREF relative to ECHAMS, but is much larger (by 2.5 times)
in CCSM3/WREF relative to CCSM3.

»All the GCMs and RCMs show reduced SWE for 2040-2070 relative to 1970-2000. However, the RCMs show substantially smaller
decreases than do the GCMs. This in part has to do with more accurate regional distribution of snow in the regional models, but may
also have resulted from differences in model biases in the RCMs relative to the GCMs (remains to be explored).
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