SUPPLEMENTARY MATERIAL A - SOIL AND WATER ASSESSMENT TOOL (SWAT) MODEL DESCRIPTION

The Soil and Water Assessment Tool (SWAT) model is one of the most widely used water quality and watershed model worldwide, applied extensively for a broad range of hydrologic and/or environmental problems (Gassmann et al., 2014). It was developed by the U.S. Department of Agriculture (USDA) Agricultural Research Service (ARS) to aid the evaluation of land management practices on water supplies and nonpoint source pollution loading (Wilson and Weng, 2011), to explore the effects of climate and land management practices on water, sediment, and agricultural chemical yields on a daily basis (Arnold et al., 1998; Neitsch et al., 2005; Gassman et al., 2007; Douglas-Mankin et al., 2010; Wu and Chen, 2012). SWAT is a physically based, computationally efficient, continuous time model with spatially explicit parameterization (Narula and Goasin, 2013). SWAT is operated on daily time steps, but it can aggregate the results to monthly or yearly output. 
SWAT simulations can be separated into two major divisions of “land phase” for water and pollutant loadings to streams and reservoirs, and “routing phase” for in-stream and reservoir water quantity and quality (Luo et. al, 2013). The land phase consists of three components; a hydrological component for calculating the water storages and the flows among them, an erosion component and a diffuse load component designed to calculate the nutrient and other pollutant (pesticide, metals and bacteria) loads to waterbodies. The routing phase contains two components; a simplified hydraulic channel and a well-mixed reservoir component. The outflows from reservoirs are computed rule-based.
The model divides watershed into subbasins connected by a stream network. Subbasins are discretized into Hydrologic Response Units (HRUs) consisting of unique soil, slope, and land use combinations. The local HRU water balance is presented by four storage volumes: snow, soil profile, shallow aquifer representing unconfined aquifers, and deep aquifer representing confined aquifers. Soil profile can be subdivided up to ten multiple layers. Soil water processes include infiltration, evaporation, plant uptake, lateral flow, and percolation to lower layers. The model offers three options for estimating potential evapotranspiration (ET), including Hargreaves, Priestley–Taylor, and Penman–Monteith methods. It computes evaporation from soil and plants separately. Percolation from the bottom of the soil profile and root zone recharges the shallow unconfined aquifer. Surface runoff from daily rainfall is estimated with a modification of the Soil Conservation Service (SCS) curve number (CN) method or Green-Ampt infiltration method. Lateral sub-surface flow in the soil profile is calculated simultaneously with percolation using kinematic storage routing technique (Narula and Gosain, 2013). The hydrological processes and their interaction with the storage volumes are illustrated in Figure SA1.
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Figure SA1 Hydrological processes and their interaction with storage volumes (Neitsch et al., 2005)

Besides hydrology, SWAT also simulates the sediment transport on the land and water phases of a watershed. Sediment transport is an important component of diffuse nutrient load calculations conducted by SWAT. Nutrient cycles on the land phase together with related state variables are given n Figures SA2 – SA3. Hydrological processes and nutrient cycles are coupled on HRU level (Figure SA4). 
Plant growth is also coupled with soil nutrient kinetics and hydrological processes. 
In-stream water quality processes are taken from QUAL2E model (Brown and Barnwell, 1987). 
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Figure SA2 Nitrogen cycle as considered in SWAT land phase (Neitsch et al., 2005)
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Figure SA3 Nitrogen cycle as considered in SWAT land phase (Neitsch et al., 2005)
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Figure SA4 Coupling of hydrological processes and nutrient cycles in SWAT land phase
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[bookmark: _GoBack]Figure SA5 Water quality processes considered by QUAL2E (Brown and Barnwell, 1987)
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