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INTRODUCTION  

This file contains the supplement information to describe the Land Surface and Climate 

Models used in our study. In addition, the supplemental information provides the 

results/discussion for the impacts of climate change on seasonality of recharge. 

 

Text S1 

VIC 

The VIC model [Liang et al., 1994; Liang et al., 2003; Nijssen et al., 1997, Gao et al., 

2010, Fig S1] is a spatially distributed hydrologic model that solves the water and energy 

balance at each model grid cell. The key characteristics of the grid-based VIC are the 

representation of vegetation heterogeneity, multiple elevation bands, multiple soil layers 

with variable infiltration, and non-linear base flow. The VIC model contains a subgrid-

scale parameterization of the infiltration process (based on the Nanjing model), which 

impacts the vertical distribution of soil moisture in, typically, a three-layer model grid 

cell [Liang et al., 1994]. Potential evapotranspiration is calculated using a Penman 

Monteith approach. Evapotranspiration from each vegetation type is characterized by 

potential evapotranspiration together with canopy resistance and aerodynamic resistance 

to the transfer of water. VIC uses a spatial probability distribution to represent subgrid 

heterogeneity in soil moisture and treats subsurface runoff/recharge as a nonlinear 

recession curve which is a function of soil moisture in the bottom layer. Please refer to 

Liang et al. [1994] and Goa et al. [2010] for a detail description of the model. For climate 

change impact studies, VIC was run in the “water balance mode,” which is less 
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computationally demanding than an alternative energy balance mode where a surface 

temperature that closes both the water and energy balances is solved for iteratively. 

 Using the VIC applications, the water balance mode is driven by daily weather 

forcings of precipitation, maximum and minimum air temperature, and wind speed. 

Additional meteorological forcings that drive the water balance, such as solar radiation, 

relative humidity, vapor pressure, and vapor pressure deficit, are calculated within the 

model. The soil characteristics used were taken from gridded 1/8th degree datasets 

developed as part of the LDAS [Mitchell et al. 1999] project. These datasets are based on 

the 1-km-resolution dataset produced by the Pennsylvania State University (Miller and 

White 1998). Land cover characterization was based on the University of Maryland 

global vegetation classifications described by Hansen et al. [2000], which has a spatial 

resolution of 1 km, and 14 different land cover classes. From these global data, the land 

cover types present in each 1/8th degree grid cell in the model domain and the proportion 

of the grid cell occupied by each were identified, as described by Maurer et al. [2001]. 

Precipitation and temperature data consist of daily values from the National Oceanic and 

Atmospheric Administration (NOAA) Cooperative Observer (Co-op). The gauge data 

were gridded to the 1/8th degree resolution using the synergraphic mapping system 

(SYMAP) algorithm as implemented by Widmann and Bretherton [2000]. Additional 

details on the input are available at Maurer et al. [2002]. Moreover, the input data and 

model parameters are also available at http://ciresgroups.colorado.edu/livneh/data. 

 

Text S2 

BCSD5 hydrology projections  
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For projecting changes in recharge from future climate change, we used “subsurface 

runoff” (drainage from the bottom layer) outputs from the Variable Infiltration Capacity 

[VIC; Liang et al., 1994] model which have been archived by the Bureau of Reclamation 

(Reclamation, 2014). Outputs from 11 GCMs (Table 1) for RCP 6.0 emission scenario 

were selected based on availability of data and were analyzed to incorporate the 

uncertainty associated with the climate as well as recharge projections. For these 

projections VIC was run at a 0.125 degree spatial resolution at a daily temporal scale. 
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Fig. S1: Conceptual representation of VIC model [Source: Gao et al. 2010]. For 

detail description of the model and symbols used please refer to VIC model 

documentation [Liang et al. 1994; Gao et al. 201]. 
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Table S1:  
 
BCSD CMIP 5 (BCSD5) VIC Hydrology Projection Ensemble available for RCP 6.0 
emission scenario 
WCRP CMIP5 Climate Modeling Group CMIP5 Climate 

model ID 
Emission 

Beijing Climate Center, China Meteorological Administration BCC-CSM1-1 RCP 6.0 
National Center for Atmospheric Research CCSM4 RCP 6.0 
Community  Earth System Model Contributors CESM1-CAM5 RCP 6.0 
Commonwealth Scientific and industrial Research organization, 
Queensland Climate change center of excellence 

CSIRO-MK3-6-0 RCP 6.0 

The First Institute of Oceanography, State Oceanic 
Administration, China 

FIO-ESM RCP 6.0 

NOAA Geophysical Fluid Dynamics Laboratory GFDL-ESM2M RCP 6.0 
NASA Goddard Institute for Space studies GISS-E2-R RCP 6.0 
Met Office Hadley Center 
Institut Pierre-Simon Laplace  

HADGEM2-ES 
IPSL-CM5A-MR  

RCP 6.0 
RCP 6.0 

Japan Agency for Marine-Earth Science and Technology, 
atmosphere and Earth research institute, The university of Tokyo 

MIROC5 RCP 6.0 

Norwegian Climate Center NorESM1-M RCP 6.0 
 
 

 

 
 
 
 
 
 
 
 


