
Two 3D ensemble Kalman filter (EnKF) approaches are explored in the 
NASA Land Information System (LIS) to combine fine scale model 
simulations and synthetic coarse scale AMSR-E observations. In the first 
method, the observations and their uncertainties are explicitly pre-processed 
and used in a local EnKF, while in the second method the observation operator 
implicitly deals with the scale mismatch between observations and model 
simulations (figure 5).
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Terrestrial snow processes have a crucial impact on the water and energy 
balance on land. Therefore, quantification of the snow water equivalent 
(SWE) in mountainous areas is of major importance. Snow physical processes 
have been largely included in many land surface models and provide an 
approximate SWE estimation at a user-defined resolution. Snow remote 
sensing by the Advanced Microwave Scanning Radiometer – EOS (AMSR-
E) produces daily coarse-resolution (25 km) snow water equivalent (SWE) 
products. The Moderate Resolution Imaging Spectroradiometer (MODIS) 
provides global snow cover products on a daily basis at a spatial resolution of 
500 m, but the snow cover area (SCA) only contains partial information about 
the SWE state. 

This project aims at a practical large-scale, high-resolution land-surface  
ensemble Kalman filter data assimilation scheme that complementarily 
assimilates both remotely-sensed snow cover (SCA) and snow water 
equivalent (SWE). Ultimately, this scheme will be integrated in a coupled 
land-atmosphere system.

1. INTRODUCTION
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2. LAND INFORMATION SYSTEM, LIS

3. OBSERVATIONS

At the current stage, the data assimilation part has been implemented in LIS 
and is being tested for synthetical test cases. In the future, observed datasets 
will be used to (i) force the LSM, (ii) to integrate observations with model 
forecasts (data assimilation) and (iii) for validation.

 North America are the North American Land Data 
Assimilation, version 1 (NLDAS1), and possibly the new NLDAS2. Also, 
global model forcing datasets may be merged into a hybrid of atmospheric 
analysis and observation-based (e.g., precipitation, radiation, etc.). High 
resolution elevation data will be employed for additional downscaling of the 
forcing datasets for 1 km resolution assimilation experiments. 

:  AMSR-E SWE and Terra and Aqua MODIS snow cover 
products. The MODIS snow detection has been compared to 50 SNOTEL 
ground (point) observations in Washington state, as illustrated in figure 4.

: In-situ observations, including but not limited to the NRCS 
SNOTEL SWE data, Cold Land Processes Experiment (CLPX) observation 
areas, and high resolution Landsat-derived snow cover. 

Forcing data:

Assimilation data

Validation data

5. CONCLUSION

Two versions of 3D EnKF have been implemented in LIS and are being 
tested for synthetical test cases to mimic the assimilation of retrieved AMSR-
E remotely sensed SWE. Future efforts will focus on the assimilation of 
MODIS SCA and the complimentary assimilation of both SWE and SCA. 

MODIS snow cover datasets have been validated for certain regions in the 
western U.S., and AMSR-e SWE is currently being validated for similar 
regions but for also low-terrain and low-vegetation areas (e.g., CLPX) where 
it is expected to capture SWE well.

 

 

4. 3D ENSEMBLE KALMAN FILTER

Features (cfr. figure 5):
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Figure 5: Two methods 
for 3D EnKF: (Left) 
Downscaling within 
the filter, (right) pixel 
disaggregation before 
filtering. Localization 
is (left) over the pixel 
area or (right) any 
predefined region.

NASA’s LIS has an object-oriented software engineering design and 
integrated high performance computing and communications technologies 
that enable high resolution ensemble land surface modeling. LIS contains a 
number of “plugins” for land surface models, meteorological inputs, 
parameters, observation types for assimilation and grids/domains (figure 1), 
which allow users to implement new functionality in any one area without 
affecting the rest of the code. In this project, the data assimilation-related 
modules are being updated. 
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Figure 1: LIS concept: several plugins allow 
to change one module without affecting 
another.

> LSM: initial tests with Noah
> Domain: longitude - latitude

(1 km resolution)
> Parameters: MODIS vegetation, 

elevation, soils, ...
> Meteorological input: NLDAS1, 

observed satellite precipitation 
> Run mode: retrospective
> Data assimilation: EnKF, changed from 

1D to 3D (2 approaches, see sect.4)
> Observations: synthetic SWE, real 
retrieved AMSR-E SWE, AMSR-E Tb 
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Figure 2: SNOTEL–gage precipitation (average 
over 51 sites) compared to downscaled NLDAS 
total precipitation at 0.01 degree (forcing data). 
Figure 3: Example of MODIS product. Yellow 
areas indicate cloud obscuration. 
Figure 4: SNOTEL snow detection compared to 
MODIS detection over the WA area in water year 
2004 (assimilation data). 
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In a next step, a simultaneous 
assimilation of SWE and SCA 
will be implemented, following 
the diagram in figure 6. It is 
expected that this approach will 
extract more information from 
the observations.(2)
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