
A Method to Optimally Merge Precipitation 
Products for Land Surface Modeling 

Abheera Hazra 
Department of Civil, Infrastructure and Environmental Engineering 

Viviana Maggioni 
Department of Civil, Environmental and Infrastructure Engineering 

Paul Houser 
Department of Geography and GeoInformation Science 

1 



Overview 

¤  Hypothesis: a combination of precipitation data from different 
sources optimized to minimize the hydrologic response will improve 
coupled model forecast skill.  

¤  Objective: to develop an optimal precipitation dataset that 
combines the advantages of high-resolution products for improving 
land surface modeling skill (i.e., soil moisture estimation). 

¤  Methodology: 
¤  three precipitation products (satellite product, ground-based radar, and 

model estimates) will be merged and trained to minimize the difference 
between soil moisture model estimates and newly emerging satellite soil 
moisture observations.  

¤  an uncoupled demonstration over the CONUS with specific validation 
activities over the Southern Great Plains will be performed. 
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Precipitation Data 

¤  Ground-based estimates: 
¤  North American Land Data Assimilation System (NLDAS) 

precipitation is a product of a temporal disaggregation of a 
gauge-only CPC analysis of daily precipitation.  

¤  Satellite product: 
¤  CPC MORPHing technique (CMORPH) produces global 

precipitation analyses at very high spatial and temporal resolution, 
with estimates derived from low orbiter satellite microwave 
observations. 

¤  Model-based estimates: 
¤  NCEP North American Mesoscale Forecast System (NAM) project 
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Soil Moisture Data 

¤  Satellite products:  
¤  The Soil Moisture and Ocean Salinity (SMOS; Kerr et al. 2010) is a 

European Space Agency (ESA) satellite launched in 2009 with the 
goal of monitoring surface soil moisture with an accuracy of 4% at 
35–50 km spatial resolution every three days.  

¤  Ground-based:  
¤  MESONET is a world-class network of environmental monitoring 

stations covering Oklahoma.  

¤  The ARM Climate Research Facility establishes and operates field 
research sites to study the effects of aerosols, precipitation, surface 
flux, and clouds on global climate change over Southern Great 
Plains, North Slope of Alaska, and Eastern North Atlantic. 
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Resolutions  

Dataset Spatio-Temporal Resolution [2014]  

CMORPH ~8km, ½ hourly (precipitation) 

NLDAS ~12.5km, hourly (precipitation and soil moisture) 

NAM ~11km, 6 hourly (precipitation) 

SMOS ~25km, daily 3-days running mean (soil moisture) 

0.125°/1 hour 
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Noah Land Surface Model 

¤  Noah LSM is a stand-alone, 1-D column model which can be 
executed in either coupled or uncoupled mode.  

N: National Centers for Environmental Prediction (NCEP) 
O: Oregon State University (Dept. of Atmospheric Sciences) 
A: Air Force (both AFWA and AFRL - formerly AFGL, PL) 
H: Hydrologic Research Lab - NWS (now Office of Hydr. Dev – 
OHD) 

¤  The model applies finite-difference spatial discretization 
methods and a Crank-Nicholson scheme to numerically 
integrate the governing equations of the physical processes 
of the soil-vegetation-snowpack medium near-surface 
atmospheric forcing data is required as input forcing  
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Noah Land Surface Model (cont’d) 

¤  Noah LSM simulates soil moisture (both liquid and frozen), soil 
temperature, skin temperature, snowpack depth, snowpack 
water equivalent (and hence snowpack density), canopy 
water content, and the energy flux and water flux terms of 
the surface energy balance and surface water balance  

¤  Noah land model closes the surface energy budget, & 
provides surface boundary conditions to NCEP models. 
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Precipitation STD 
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Mean Soil Moisture 
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Soil Moisture STD 

SMOS Ascending SMOS Descending 

2014 (m3/m-3) 
11 



Time Series 
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Methodology Framework 
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Optimal Merging 

¤  This optimal merging 
method minimizes the 
simulated land surface 
variable (soil moisture, 
temperature, etc.) errors 
using the Noah land 
surface model with the 
Nelder–Mead (downhill 
simplex) method. 

¤  We follow the method developed by Yilmaz et al. 2010, 
who introduced a technique to improve land surface 
model skill by merging different available precipitation 
datasets, given that an accurate truth is available.  
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Summary 

¤  Different sources of precipitation and soil moisture estimates have 
been downloaded and analyzed. 

¤  The different precipitation and soil moisture datasets have been 
rescaled and homogenized to the model spatial and temporal 
resolution of 0.125°/1 hour.  

¤  Precipitation and soil moisture data have been shown to be strongly 
related (precipitation is the major driving force for hydrological 
processes). 

¤  Therefore, by merging different precipitation datasets we can 
improve soil moisture estimates. 

¤  The Noah model has been set up and control simulations have been 
run (coming soon). 
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Next steps 

¤  The Noah model will be run over CONUS for a 
combination of all of the precipitation forcing to obtain 
the optimal precipitation estimate for soil moisture 
estimation and for the SMOS era (2010-present). 

¤  Soil moisture accuracy will be evaluated based on 
satellite soil moisture products from SMOS and SMAP 
missions. Additional ground measurements (e.g., 
MESONET) will be included in the uncertainty analysis. 
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