
Background 
Over the next century, climate change is expected to bring warmer temperatures and affect precipitation 
patterns in the Upper Rio Grande basin. We have been investigating how these changes may affect regional 
water supply [1]. There will be also impacts felt at the local scale which have significance for rural and urban 
communities alike.  Here we present an analysis of climate change effects on surface water supply from 
melting annual snowpack for two small, mountainous sub-basins: El Rito and Santa Fe (Figure 1a) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Methods 
The analysis presented here consists of 3 main steps: 
 
1. Run the Snowmelt Runoff Model (SRM) for average (1999) and moderately wet years (1994) for both 

basins to ascertain basin-specific model parameters (runoff coefficients for rain (cR) and snow (cS), lapse 
rate, critical temperature threshold determining precipitation falling as rain or snow, recession coefficient 
(k) and lag time [3]) 

2. For climate stations whose data were used in step 1 and for four future periods: 2021-2040, 2041-2060, 
2071-2080, 2081-2100, determine which climate models represent hotter-dryer (HD), warmer-dryer 
(WD), hotter-wetter (HW) and warmer-wetter (WW) conditions as well as the central tendency. 

3. Apply the temperature difference and % change in precipitation in the SRM climate change module 

 
SRM is formulated: 
 
 

 

Daily average discharge (Qn+1) is the sum of  

• Snowmelt calculated as the product of the degree day factor (αn), representative zonal degree days (Tn + 
∆Tn), the ratio S of the snow covered area to the total basin area and the snowmelt runoff coefficient (cS) 

• Precipitation (P) contributing to runoff calculated as the product of measured P and the rainfall runoff 
coefficient (cR) 

• Discharge on the preceding day (Qn) weighted by the recession coefficient kn+1 
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Qn+1
 = [ cS 

. αn (Tn +∆Tn) Sn  +  cR Pn ] A . 10000/86400 (1 – kn+1) + Qn kn+1 

Results: 1. Simulations of historical streamflow 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Results: 2. Selection of climate models 
Individual station-based, downscaled temperature and precipitation data were obtained using an approach 
based on the quantil–quantile bias correction mapping described in [4]. A total of 60 climate projections were 
downscaled. We used a 20-year base historical period (1980-1999) and determined the central tendency 
and spread of change of temperature and precipitation between the 1980-1999 base and for four 20-year 
future periods: 2021-2040, 2041-2060, 2071-2080, 2081-2100. 
 
El Rito (Hopewell Snotel station) 
 
 
 
 
 
 
 
 
 
 
 
Santa Fe (Santa Fe Co-op station) 
 

Results: 3. Simulation of runoff under changed climate 
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Figure 4: Simulation of runoff from El Rito 
and Santa Fe sub-basins for average 
(1999) and productive (1994) years. El Rito 
was ungauged so flows were estimated by 
analogy with the neighboring Rio Ojo 
Caliente. Santa Fe flows were corrected for 
reservoir storage and release 

Figure 5: Selecting projections based on temperature and precipitation changes (1980-1999 and future 20-
year periods). On each plot, each point represents the period change in mean annual temperature (y-axis) and 
precipitation percent difference (x-axis) for a single projection. Shaded areas indicate the 10th and 90th 
percentiles.  

The El Rito sub-basin is situated in the southern San Juan mountains (figure 1a). 
Around 130 km2 in size, it can produce an estimated 20 million cubic meters of water in 
a moderately wet year (e.g., 1994, figure 1b) and 14 million cubic meters in an 
“average” year (e.g., 1999, figure 1b). The El Rito sub-basin is a vital source of surface 
water for the rural “acequia” community located in the narrow valley below the high 
elevation sub-basin (Figure 2). Annual snowmelt supplies water for irrigation of 
agricultural and pasture land and also contributes to recharge of groundwater.  

The Santa Fe sub-basin is around 47 km2 in size and is situated on the southern tip 
of the Sangre de Cristo mountains (figures 1a, 3). Allowing for modification of flow 
by the reservoirs, around 9 million cubic meters was produced in a moderately wet 
year (e.g., 1994, figure 2b) and 6 million cubic meters in an “average” year (e.g., 
1999, figure 1c). Anticipated supply from the Santa Fe river for municipal use was 
about 2.5 million cubic meters for 2013 [2] 
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For Hopewell Snotel (El Rito), differences in temperature ranged from +1.3ºC (‘warmer’ projections: 2021-
2040) to +5.7ºC (‘hotter’ projections: 2081-2100). Differences in precipitation amounts ranged from -20% 
(‘dryer’ projections: 2081-2100) to +7% (‘wetter’ projections: 2021-2040) 
 
For Santa Fe Coop, differences in temperature ranged from +0.35ºC (‘warmer’ projections: 2021-2040) to 
+6.1ºC (‘hotter’ projections: 2081-2100). Differences in precipitation amounts ranged from -23.9% (‘dryer’ 
projections: 2081-2100) to +37.8% (‘wetter’ projections: 2081-2100) 
 
 
 

Figure 6: Results of model runs for central tendency, HW, WW, HD and DD projected conditions for 
“average” (1999) and moderately wet (1994) years  
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• In agreement with other studies, runoff timing is affected by snowpack loss and warming temperatures 
while annual volume of runoff appears more closely tied to changes in precipitation amount 

• When runoff is dominated by snowmelt (El Rito, 1994), increasing temperatures result in earlier 
occurrence of peak springtime flows 

• Warmer-wetter and hotter-wetter conditions in a snowmelt dominated basin (El Rito, 1994) may result in 
increased springtime flows that occur not only earlier in the year but  over shorter periods of time 

• Where snowmelt makes less of a contribution to  flow, (El Rito, 1999; Santa Fe, 1994, 1999) the impact 
of climate warming on the timing of runoff is less pronounced. 
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