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Improvements in ET from LAI assimilation (RMSE)

Agricultural crop areas (blue-corn; orange-soybean; 
brown - wheat)

Assimilation of vegetation data helps in the characterization of agricultural 
areas 

Systematic and consistent improvements over the Central Plains, lower 
Mississippi, central California valley, places where significant agricultural 
activity occurs

Vegetation assimilation shows promise for characterizing human management processes 

Kumar et al. (2019), Assimilation of remotely sensed Leaf Area Index into the Noah-MP land surface model: Impacts on water and carbon fluxes and states over the Continental U.S., J. Hydromet. 
Kumar et al. (2020), Assimilation of vegetation optical depth retrievals from passive microwave radiometry, Hydrol. Earth Syst. Sci.

Improvements in ET from VOD assimilation (R)

(Warm colors indicate improvements; cool colors indicate degradations)



The 2019-2020 Australian fires

False color images from VIIRS 

Kumar, S.V., T. Holmes, N. Andela, I. Dharssi, Vinodkumar, et al. (2021), The 2019-2020 Australian drought and bushfires altered the partitioning of hydrological fluxes, Geophys. Res. Lett. 

2019-2020 over the Murray-Darling basin has been the driest and hottest on record. 

~25 million acres, including more than 21% of the Australian forests have burned 
from the 2019-2020 fires



The 2019-2020 Australian fires captured by SMAP 

False color images from VIIRS 

Vegetation Optical Depth (VOD) anomalies from SMAP



Assimilation impact on the water budget partition

ET (compared to thermal remote sensing based ALEXI 
estimates) is improved from vegetation assimilation

Runoff (compared to BoM gauge measurements) is 
improved from vegetation assimilation [Not specific to 
the 2019-2020 fires]



The vegetation alterations 
from the fires led to 
significant changes to the 
local water cycle by 
increasing runoff and bare 
soil evaporation and 
decreasing transpiration. 

dET (%) dQ (%)

Impact of vegetation disturbances on regional water cycle



The 2020 Pantanal fires

Pantanal - The largest 
contiguous wetland in the 
world with the highest 
concentration of wildlife in 
South America

Unprecedented drought and 
extreme wildfires in 
Pantanal, particularly over 
the natural and conserved 
areas

~29% of the region burned 
in 2020 (MODIS)

Kumar et al., Changes in land use enhance the sensitivity of tropical ecosystems to fire-climate extremes, in review



The 2020 fires over natural and conserved areas were significantly higher than such occurrences in the historical time period (2003-
2019). 

Over the managed areas, the 2020 fire occurrences were not outliers. 



Fires were disproportionately higher over the low pasture areas, though the severity of drought was similar across the 
entire region.

Fires over managed areas are decreasing and increasing over natural areas. 



Large changes in LAI/GPP are primarily observed over the conserved/natural areas. 
During 2003-2019, % of conservation areas with standardized LAI values below -1.5𝜎 is 3.3, whereas in 2020, 
35% of the conservation area has standardized LAI below -1.5𝜎.

standardized anomalies in LAI and GPP



Fundamental changes to the local hydrology: Evaporation is reduced, runoff is increased with concerns 
about increased land degradation (captured through the assimilation of MODIS LAI)



Summary

Assimilation of vegetation data enables the characterization of disturbances 
from fires

Microwave-based VOD is an effective alternative to augment optical sensor-
based vegetation (LAI/NDVI) data

Large scale fire events have significant impacts on the regional water cycle, 
with possible land degradations and contributions to hydrological extremes 
such as floods.


