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INTRODUCTION: CALIBRATION:

During 2012 water year, the California Department of Water Resources conducted  The model parameters are calibrated by Sequential Uncertainty Fitting (SUFI2) ~

snow surveys that revealed less than normal snow amounts and continuing dry  technique (Abbaspour et al., 2007) using SWAT-CUP calibration model. The model
conditions. As a result, the DWR reduced the State Water Project allocation of water for =~ parameters are calibrated at monthly time scale. The model was calibrated from Jan
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11s : : 11e : 160 -
more than 25 million Californians and over nearly a million acre-feet of farmland. 2001 to Dec 2006 using streamflow data at UGGS stream gage Pohono. T 110 . Calibration Period E Verification Period | —— Observed
Like for California, snowpack is of special concern for many other states in the west E o I i _ _ _ynitial Run
since it provides a natural “frozen reservoir” that stores the water that will eventually be Table 2. Calibrated parameters and their optimized value = | : q — Calibrated Run
used during dry, warm weather months. With such importance, numerous studies on long Y 100 i (
term April 15t snow water equivalent (SWE) (Mote , 2003) have found declining trends Parameter Description Range  Optimized Value = 80 !
h- h . . ﬂ d . 1 b . T k h 1 . t ESCO Soil evaporation compensation factor 0,1 0.36 e 60 - “ |r" I }
which 1S Influenced mainly by Warmlng temperatures. laking t. e analysis one step £oC0 plant uptake comepnsation factor 01 ) S 0 R . 3 : X |
further, Howat and Tulacyzk, 2005 included the effect of elevation and conducted a SLSUBBSN  Overland flow length 10, 150 10 s | ‘ | Ll : : Ir | .
similar study in California and found that at stations above 2300 meters, April 15t SWE HRUSLP  Average slope steepness 1,1 0.6 w20 '|'| ¥ f" AV A \ 1., RN L‘ :
increased by an average of 12% while stations below 2300 meters saw Apr 1t SWE OV.N ~ Mannings roughness coefficient 0.01,30 2864 0 '
. o SURLAG Surface lag coefficient [days] 1,4 28.65 0 20 40 60 100 120
decreasmg by an average Of 13/0'. . . o . SNOEB Initail snow water content in elevation band [mm] 0,600 240.89 Months
Based on the results found in these previous studies examining snowpack, this study SNO_SUB Initial snow water content [mm] 0, 150 150 N N | Poh o
f d 1 h : : d TLAPSE  Temperature lapse rate [°C/km] 10,10 496 Figure 3. Observed and simulated model run at Pohono USGS
attempts to assess streamtflow response due to climate change in a Sierra Nevada stream gage for the period Jan, 2003 to Dec, 2012
. PLAPSE Precipitation lapse rate [mm H,0/km] 0,10 4.31 ’ ’ .
mountainous Watershed. TIMP Snow pack temperature lag factor 0.01,1 0.276
SMFMX Melt factor for snow on June 21 [mm H20/*C-day] 0, 10 2.12 111 3 3 _ : .
METHODS: 7 ] Upper Merced Basin, California SMFMN Melt factor for snow on December 21 [mm H20/°C-day] 0,10 0.34 CO@fflClent Of Determlnatlon NaSh SUtCllffe EfflClel’lcy
Study Area S % SFTMP Snowfall temperature [*C] -3, 5 5 L L . 2
This research was carried out in the 5,253 SN A M snowmelthasetemperaeld o ot [Z (Qn; = Qum)(Qs; — Qs):| NSE -1 ,z (Qn = Q);
km2 Upper Merced watershed in the Sierra =N ALPHA_BF  Base flow recassion constant 01 0.293 e = = B Z Q.. —Q )3
Nevada Mountains of California. The Basin 3 Elevation GW_DELAY  Groundwater delay time [days] 0,500 500 Z (Qus = Qu) Z (Qui = Qi) i " "
. . . 17 - 1,500 m RCHRG_DP  Deep aquifer percolation fraction [%] 0,1 0.155 ' '
elevatlon Of the Watershed hlghly varies E;’:gg i'ggg:: GWQOMN Threshold depth in shallow aguifer for return flow [mm] 0, 5000 1978.511 .
from 17 m at the outlet to 3,979 m at the , , GW_REVAP  Ground water re-evaporation coefficient 0.02,0.2 0.2 . Table 3. Model performance evaluation
top and about two third of the watershed REVAPMN  Threshold depth in shallow aguifer for re-evaporation [mm] 0, 500 124.76 Percent BlaS at Pohono
p
lies within 17 and 1,500 m. Land cover is
mostly dominated by forest areas with : Z (Qm,i —Q;; ) R’ i
vegetgtion cover con};ists of 41% evergreen RESULTS: To understand effect of future climate change, SWAT model was PBias = _ %100 lF'ararln:ter T EJNESBEBB P;Em:
0 10 20 40 60 soK”ometers . . o« o . - nitia un . -(]. - .
forests, 28% rangeland, and 16% of . : mmulated using future weather data (precipitation and temper.ature). For future ZQS’i o e 0930 e
rasslands. (Fig. 1) Figure 1. Upper Merced watershed in climate scenarios, we have used GFDL and CNRM global climate model data i alibrated Run : : -2b.
5 ' o California downscaled at 1/8° grid resolution for the 50 year period from 2015 to 2064. This Validated Run 0.594 0.516  -50.75
data is bias corrected and is downloaded from = htip://gdo-
Model Table 1. Data and sources dcp.ucllnl.org/downscaled cmip projections/.
. Two future Representative Concentration Pathways (RCPs)- RCP 4.5 and 8.5 were
The SOll and Water Assessment TOOl Data Type Data Sources Scale Description . . . .
(SWAT) (Arnold et al, 1998) is a _ _ selected for this study. RCP 4.5 assumes peak radiative forcing at ~ 4.5 W/m? by
. > DEM Hs6s Gridcell(100m) — Elevation 2100. The global mean temperature will be less than 2.4°C. On the other hand, RCP FUTURE STUDY:
physically based continuous, long- i : i
term distributed pa;ameter land Use  USGS Grid cell (100m)  Classifies land use as 8.5 assumes radiative forcing will increase to 8.5 W/m?2 by 2100 by raising global * Future streamflow characteristics will analyzed statistically.
’ - forest, water, etc.
watershed scale simulation model. s NRCS Vector Clascifios soil's mean temperature to 5-6°C by the end of the century.
. e physical properties
The model subdivides overall — weather ncoC : recipitation and (a) at Pohono e Baeline: 16654009 (b) at watershed Outlet REFERENCES:
1 temperature
WaterShed Into .Sub Wa.terShedS that Streamflow LISGS - Streszlow discharge 2507 == /= 2015-2064 CNRM RCP 4.5 250 1 Abb K C Y J.. M 1 I Sb R..B K
are connected with the river network. A} | Abbaspour, K. L., 1alg, J., MAXIIOV, 1., b1 er,“ - DOBNET, K.,
T 200 —O= 20152064 CNRMRCPBS G 5, Mieleitner, J., Zobrist, J., Srinivasan, R. (2007). “Modelling hydrology
2 —#— 20152064 GFDLRCP 45 . and water quality in the pre-ailpine/alpine Thur watershed using SWAT”.
Data L. . . ) ) . § 10 —8— 2015-2064 GFDL RCP &.5 g-ﬂ 150 Journal Onydrology, 333(2—4)2413—430.
Each subbasin is divided into hydrologic response units (HRUs) each representing a 3 8 doi:10.1016/j.jhydrol.2006.09.014
unique combination of land use, soil properties and slope. SWAT model has been used in 5 E 100 o . .
several mountainous watersheds to simulate streamflow from snowmelt. In this study = g Arnold, J.G., Sr¥nlvasan,. R., Muttiah, R.S., Williams, J.R. (1998)
SWAT is applied at the Upper Merced watershed to study spatial variations in snowpack @ Large area hydrologic modehng. and assessment, Part 1: MOdel,
and snowmelt and potential changes in streamflow with change in future precipitation 0 - . | 0 Development. J (?urnal of Amerlcan Water Resources Association,
o lan Fe Mar Apr Ma un lu Au Sept Oct MNov Dec an e ar r a un u u g ov ac . — . -
and temperature peak values. The model was simulated from Oct 2003 to Sep 2011 A on Feb Mar Apr May Jun July Aug Sept Oct Nov Dec  34(1):73-89. d01:10.1111/].1752-1688.1998.tb05961.x
period. Month Howat, I. M., Tulaczyk. (2005) “Trends in spring snowpack over a
@ Watershed outlet Figure 4. The projected average monthly streamflow compared with the average monthly half-century of climate warming in California, USA.” Annals of
® UM Weather Stations streamflow of baseline period (1965-1999) at (a) the USGS stream gage Pohono, and (b) Glaciology, 40:151-156.
® UM stream sStations watershed outlet. Mote, P. W. (2003) “Trends in snow water equivalent in the Pacific
= 2NopRtn CONCLUSION: Northwest and their climate causes.” Geophysical Research Letter,

« CNRM RCP 4.5 and 8.5 show increase in summer streamflow at Pohono as well as at the 30(12), 3-1-3-4.

basin outlet.
 GFDL RCP 4.5 and 8.5 project increase in July streamflow followed by decrease in August

streamﬂon at Pohono. o , , . ACKNOWLEDGEMENT: This study is supported by California State
* At the basin outlet, both GFDL RCP 4.5 and 8.5 predict increase in winter but decrease in University, Long Beach
0 10 20 40 60 80 summer streamlow.
Kilometers « Agricultural water demand will rise with increased urbanization. Therefore, water resource

managers have to identify how to utilize increased volume of winter streamflow during low
flow summer seasons.

Figure 2. Weather stations and stream gauge location map
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