
The goal of this project, funded by NASA’s Applied Science Program, is to 
demonstrate the efficacy of integrating remote sensing data to calibrate 
hydrology models (GWLF, SWAT) that are presently employed by NYCDEP 
to help manage the New York City water supply. The employment of 
satellite data promises to break new ground for model calibration and 
validation and improve our understanding of regional water budgets.

Methodology
Use multiple remote sensing and other products to compare summer water stores and 
fluxes for the period 2000- 2005 with the GWLF watershed hydrology model outputs 
and highlight areas of uncertainty. Products will include: 

Study zone: West Branch 
Delaware River

Stream gauge at Walton (upstream of 
Cannonsville Reservoir, which holds water 

for NYC); drainage ~800 km2

Future work
➔ Extend GWLF comparison to longer period
➔ Extend remote sensing product suite for watershed
➔ Assess impact of model forcings (P) and parametrizations (ET) on short term prediction of 
 streamflow and water quality
➔ Assess the change in model predictions in the context of climate change following 
reparametrization based on remote sensing data.

Problem statement

Satellite data is an important input

➔ Evapotranspiration (ET) / drought: MODIS Global ET Project (MOD16); 
Ryu/BESS MODIS product; GOES thermal product 

➔ Soil moisture and freeze/thaw: AMSR-E; SMOS; (SMAP)
➔ Vegetation health: VHI; EVI
➔ Precipitation: PRISM; ST-IV 
➔ Water storage: GRACE

NYC manages a 60+ year old system of reservoirs, aqueducts, tunnels supplying 9 
million people

These results show the potential of remote sensing data to improve 
hydrological model verification and calibration

➔ Water quantity: Drought now rarely poses serious problems, but earlier snowmelt, hotter 
summers are future threats

➔ Water quality: function of rain rate, soil moisture and land use

➔ NYCDEP uses watershed hydrology models calibrated to measured streamflow to predict 
water supply under current conditions and future scenarios. But equifinality is a challenge: 
models may perform well under current conditions but do poorly for processes that aren't 
calibrated – or for future conditions

➔ ET is the largest summer water flux, yet no ET or soil moisture data are currently used to 
calibrate NYC watershed models

➔ Satellite remote sensing can provide information about individual water balance terms such 
as evapotranspiration (ET). Such external spatially and temporally detailed data is needed in 
order to accurately describe each component in the water budget and to validate and 
calibrate hydrological models.

➔ Soil moisture: LPRM soil moisture vs. model output

• During winter, model shows no ET (As does the Ryu/BESS MODIS ET product) while MOD16 
shows positive ET values

• Summers 2000, 2003 and 2004 show good agreement between GWLF and MODIS products
• Summers  2001, 2002 and 2005 show a decrease of the model ET at the end of the summer 

due to model depletion of soil moisture while  model potential ET remains high; no ET 
decrease in MODIS products

➔   Comparison with the MODIS products suggests the need to change GWLF's land surface 
representation: 
    Modify parameters that set the inflection of  ET dependence on soil moisture (Ɵ

critical
) 

or soil water capacity (SWC)  

• Same trend between the LPRM soil moisture at the root zone and the 
model unsaturated-zone moisture

• Both show soil moisture depletion during summers 2002 and 2005

Nash-Sutcliffe coefficient Model with 
thetacrit=0

Model with thetacrit=0.5 
(default)

Model with 
thetacrit=0.8

In situ Q
MOD16 ET
Ryu/BESS ET

0.661
0.765
0.907

0.656
0.734
0.895

0.648
0.715
0.884

Default model 
SWC=10.8 cm

Model with 
SWC=15 cm

Model with 
SWC=20 cm

Model with 
SWC=23 cm

Model with 
SWC=30 cm

In situ Q
MOD16 ET
Ryu/BESS ET

0.656
0.734
0.895

0.660
0.772
0.917

0.659
0.818
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0.658
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0.656
0.860
0.969
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Results

➔The calibrated GWLF model predicts mean streamflow rather well (Gauge=826 mm/y, 
GWLF=836 mm/y for 2000-2005). 
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➔ Input precipitation vs. PRISM precipitation (monthly): 
             good agreement between data sources.: PRISM 1441 mm/y; 
NYCDEP interpolated gauge 1466 mm/y; GWLF: 1395 mm/y

➔ Evapotranspiration (ET): MOD16 vs. model output
Suggests model underestimates evapotranspiration: 
MOD16: 704 mm/y;
GWLF: 569 mm/y
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