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THE PROBLEM


Many ET algorithms and hydrologic models depend 
on land use data that are out of date or very crude 
estimates of soil moisture to initialize simulations:


 ET Toolbox used 2000 land use data for ET 
predictions during 2002 and 2007.



 
ET can change suddenly due to changes in 
water table depth, fires, or other events.



 
One lumped soil moisture estimate for model 
initialization is nor representing the true 
distribution.







Benchmark the performance of ET Toolbox and 
GSSHA with and without using Landsat and MODIS 
images. The images are converted to ET and soil 
moisture maps using SEBAL and METRIC.


Our performance indicator for the ET Toolbox will 
be the difference in ET with and without NASA earth 
science results; for GSSHA the difference in 
hydrograph with and without NASA earth science 
results.


OBJECTIVE







The primary purpose of the ET Toolbox is to 
estimate high-resolution (nominal 2km x 2km grid 
cells) radar-based daily rainfall and crop water 
depletions within specified subareas of irrigation 


ET Toolbox
homepage







Kc


Fr
eq


ue
nc


y


1.00.90.80.70.60.50.40.30.20.10.0


700


600


500


400


300


200


100


0


Histogram Kc of Salt Cedar


ET Toolbox assumes
Kc is constant for all 
Salt Cedar


Kc is not constant for 
all Salt Cedar.
June 16, 2002
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BENCHMARK


 USE OF NASA IMAGES LEADS TO DIFFERENT
ET ESTIMATES FOR MANY PIXELS


 LOW ET RATES ARE ESTIMATED HIGHER
 HIGH ET RATES ARE ESTIMATED LOWER


THE RELEVANCE OF THIS BENCHMARK 
WILL BE DISCUSSED TAKING INTO ACCOUNT 
THE POSSIBLE EFFECTS ON RIVER FLOW







The primary purpose of GSSHA is to support civil 
and military hydrology operations by the Army 
Corps of Engineers.


A critical issue is how to initialize the soil moisture 
distributions of the model on short notice.


Gridded 
Surface/Subsurface 
Hydrologic Analysis 


(GSSHA) Model







WHAT IS SOIL MOISTURE?


US Army Soil Moisture Requirement for NPOESS:
The minimum required performance for NPOESS is to observe Soil 
Moisture in the soil surface (0.1 cm) but the full objective is to observe 
Soil Moisture to a depth of 80 cm at vertical intervals of 5 cm. 


WIKIPEDIA:
Soil Moisture is the quantity of water in the soil; satellite microwave
remote sensing is used to estimate soil moisture. 


www.ARS.USDA.gov/Research/:
Soil Moisture is the most significant boundary condition that controls 
summer precipitation over the central U.S. and other large 
mid-latitude continental regions, and essential initial information for 
seasonal predictions. 


Soil Moisture Active Passive Mission (SMAP)
The primary sensor will be the Passive Active Radar L-Band (± 1 GHz)
Penetration Depth: 0 to 2-5 cm.
Scott et al. (2003):
Use Optical Imagery (visible through thermal bands) for Soil Moisture
assessment in the root zone. Soil Moisture as function of Evaporative 
Fraction.
Penetration Depth: typical about 1 m; varies from 0.1 to 3.0 m.







WHAT IS SOIL MOISTURE?


The soil is an ideal reservoir since it allows water to enter quickly
during and after rain but prevents water to escape back into the
atmosphere during dry periods. Soils have a high permeability
when wet (high infiltration rate) but a very low permeability when dry.


The soil is a reservoir that stores water so that it is available for 
vegetation between rainfall events. 


http://www.fao.org/docrep/010/ag125e/AG125E97.gif
http://weather.nmsu.edu/Teaching_Material/SOIL45 
6/Soil-evap/Sandy-loam-72hr.jpg
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Root Zone Soil Moisture - Optical Imagery
Scott et al., 2003







RADAR SOIL MOISTURE (0 – 5 cm) OPTICAL SOIL MOISTURE (0 – 80 cm)


Hilton Ranch, New Mexico
August 1, 2008


(10 x 15 km)







REMOTE SENSING 
SOIL MOISTURE MAPPING


RADAR IMAGERY OPTICAL IMAGERY
ALL WEATHER CLEAR DAYS
DEPTH: 0 – 5 CM DEPTH:  0 TO 15 CM - BARE SOILS


0 TO 50 CM - GRASS
0 TO 100 CM - SHRUBS
0  TO 250 CM  - TREES


BARE SOILS VEGETATED AND BARE SOILS
SURFACE ROUGHNESS EFFECT NO SURFACE ROUGHNESS EFFECT
INCOMPLETE COVERAGE CONTINOUS COVERAGE


June 4, 2001June 15, 2008







Kishwaukee Watershed Overview


BelvidereRockford
Woodstock


Sycamore


Fox River
Rock River





 
Watershed Area:


~1100 mi2





 
Stream Miles:


~1000 mi





 
Objective:



 


Predict flood changes 
due to land use 
conversion, removal 
of tile drains and 
installation of a 
wetland


Fontana-on-Geneva Lake


Geneva


Huntley


Greater 
Chicago 


Area







SEBAL/METRIC SOIL MOISTURE & GSSHA
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Observed discharge


Simulated discharge with distributed soil
moisture obtained from SEBAL product


Initial SEBAL Soil Moisture Distribution


Observed and Predicted Discharge
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simulated discharge with constant soil moisture content of 10% 


simulated discharge with constant soil moisture content of 30% 


simulated discharge with constant soil moisture content of 35% 


simulated discharge with constant soil moisture content of 40% 


simulated discharge with constant soil moisture content of 70% 


simulated discharge with distributed soil moisture obtained from SEBAL product


SEBAL Soil Moisture & GSSHA







SEBAL SOIL MOISTURE & GSSHA
 


(a) (b) (c) 
(a) Initial SEBAL Soil Moisture Distribution, (b) At Peak Discharge,
(c) End Simulation.


SEBAL initial soil moisture distribution leads to more realistic soil moisture 
distributions throughout the simulation as compared to initial constant lumped
soil moisture distributions.







BENCHMARK
Initialization 
Soil Moisture


Nash Sutcliffe 
efficiency (%)


Constant vwc 10% 14


Constant vwc 30% 63


Constant vwc 35% 75


Constant vwc 40% 81


Constant vwc 70% -2


SEBAL vwc 88








 
Use of NASA optical imagery leads 
to different ET estimates in ET 
Toolbox and better hydrograph 
predictions in GSSHA. 



 
NASA optical imagery allows to 
insert nearly real time information 
into hydrologic decision support 
systems.


SUMMARY
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Enhancing Water Management DSS 
with 


High Spatio-temporal Resolution ET Mapping


Tim Martin, Amnon Nevo, Marc Baldo (Riverside)
Richard Allen (University of Idaho)


NASA Water Resources PI Meeting
Adelphi, Maryland
September 2009


METRICTM







•
 


Offices in Fort Collins, CO & Silver Spring, MD
•


 
Water Resources Engineering, Consulting, Info 
Technology


•
 


Invests in Research and Development
•


 
Global Reach and Experience


Riverside Technology, inc.







Some Active Riverside Clients


•
 


NOAA/NESDIS 
•


 
NOAA/NWS 


•
 


Reclamation –
 


TSC 
•


 
USACE –


 
HEC


•
 


USGS –
 


EROS Data Center
•


 
USDA/NRCS


•
 


USAID
•


 
State Governments 


•
 


Water Districts
•


 
Energy companies


•
 


The World Bank







Riverside’s NASA ROSES project 


•


 


METRIC applications for irrigation and water management DSS:
–


 


South Platte Decision Support System (State of Colo, Northern Water)
–


 


Middle Rio Grande Riverware


 


model (USBR)
–


 


North Platte Decree Committee (Wyoming –


 


Nebraska Compact)
–


 


World Bank Morocco (using ROSES tools to enhance project)


•


 


Develop Web-based tools
–


 


analysis, visualization, dissemination


•


 


Improve METRIC processing tools 
–


 


Sharpening
–


 


Background evaporation adjustment


•


 


Presentations, publications







Irrigation Water Consumptive Use


•
 


Quantifying CU for irrigated areas is important 
for:
–


 
water demand forecasting and monitoring


–
 


water rights management
–


 
water resources planning


•
 


Irrigation CU is difficult accurately estimate: 
–


 
often most weakly represented component of water 
balance studies P = Q + ET + ΔS


•
 


Accurate irrigation CU estimates are important
–


 
often irrigation is the highest consumptive user







Conventional & Satellite Remote Sensing 
ET Methods 


•
 


Conventional Method ET:
–


 


Weather data are gathered from fixed points --


 


extrapolated 
over large areas


–


 


Crop coefficients assume “well-watered” situation 
•


 


ET of water deficient crops is difficult to quantify
–


 


Crop maps or cropping patterns are required


•
 


Satellite Imagery for Estimating ET:
–


 


Energy balance applied at each “pixel” can provides high 
spatial and/or temporal resolution


–


 


Areas with reduced ET due to water shortage can be 
accurately estimated 


–


 


Little or no ground data are required
–


 


Valid for natural vegetation e.g. riparian water use







Energy Balance
ET is calculated as a “residual” of the energy balance: 


(LE) ET = Rn –
 


G -
 


H


Basic Truth:


 Evaporation 
consumes 


Energy


Rn
(net radiation from sun and 


sky)


H
(heat to air)


ET
(evapotranspiration)


G
(heat to soil)







METRIC Model
 Inputs and Outputs
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METRIC Model
 Inputs and Outputs
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Metric Enhancements (Rick Allen)


•
 


Sharpening the thermal band using NDVI 
relationships and filtering


 
Cloud filling of Landsat using MODIS NDVI 


Compensating for background ET from wet soil







ETrF = fraction of reference ETL1T CC’d Band 6 
–


 


no sharpening


NLAPS NN’d Band 
6
--


 


sharpened
L1T CC’d Band 
6
--


 


sharpened







South Platte River DSS Benchmark


Cooperators:


-State of Colorado Water Resources DSS
Water Conservation Board


 Division of Water Resources


-
 


Northern Colorado Water Conservancy District







Process the Imagery to Estimate ET for 
Each Pixel of the Image


April 26 May 12 June 5 July 7


August 24 September 25 October 4


April 26 May 12 June 5 July 7


August 24 September 25 October 4


Example of 24 hour used for ET estimates using METRIC with Landsat images in the 
South Platte River Basin. Daily, monthly and seasonal ET estimates are constructed 
by pixel, and accumulated to each of 100s of irrigation diversion structures as inputs 
to the Colorado DSS. 







Comparison METRIC and Conventional CU 
Estimates







Comparison METRIC and Conventional CU 
Estimates


Point of View


3-D of METRIC-derived CU


Point of View


3-D of Kc-derived CU Superimposed 
on METRIC Estimates







ET Server for Data Access and 
Dissemination


•
 


Internet map server
–


 
powered by ESRI ArcGIS Server technology


•
 


Web mapping tool with analysis and 
visualization


•
 


Stakeholder access and involvement 
•


 
Modeler can select an AOI 
–


 
(e.g. return flow contributing area) by digitizing on-


 screen, and compute ET for that area
•


 
Streamlines flow of data into Decision Support 
Systems







ArcGIS
 


ET-Server 
 


Irrigation service 
area selected by 
user for CU 
estim ate  


Comp arative seaso nal consumptive u se 
cu rves for selected irrig atio n service area


Riverside’s ArcGIS ET Server application uses spatial analysis and zonal statistics to 
extract multi-temporal ET values and to estimate consumptive use values in tabular 
and graphical formats.















Middle Rio Grande RiverWare Model


•
 


Objective: Test METRIC ET with an 
operational USBR model


•
 


Calibration model
–


 
Calibration currently uses estimates of ET 
from ‘ET Toolbox’


–
 


Groundwater conductance is the primary 
calibration method







ET Toolbox Based ET


•
 


ET Toolbox is used to drive modeled 
irrigation demands


•
 


Estimates of crop area are based on 
Ikonos survey data


•
 


Estimates of crop ET are based on crop 
coefficients from University of New Mexico







Current ET Data Problems


•
 


RiverWare cropping data is based on 
annual surveys before 2000 and static 
Ikonos survey after 2000:


1990 2000


Pasture


Alfalfa


Alfalfa


Pasture







Upper Rio Grande Water Operations Model 
(URGWOM Riverware


 
Model)







Metric ET for RiverWare


•
 


Goal: provide ET information comparable to ET 
Toolbox


•
 


Steps:
–


 
Apply interpolated daily Metric ET images for 2002, 
2005, and 2007


–
 


Clip and sum based on irrigation boundaries to create 
daily ET by irrigation district


–
 


Separate the natural vegetation ET from irrigated ET 
for each district


–
 


Prepare input for RiverWare
–


 
Compare RiverWare calibration results between 
Metric ET and ET Toolbox







North Platte River Decree Committee 
Benchmark







North Platte (River) Decree Committee (NPDC)


Cooperator: 
Consumptive Use Subcommittee of NPDC
-


 
State of Wyoming


- State of Nebraska 


Objective:
-


 
U.S. Supreme Court decree on water allocation of North Platte 


River
-


 
Decree mandates consumptive use monitoring of irrigation in 


Wyoming
-


 
Decree requires investigation of alternative CU monitoring 


methods
-Complement funding from NPDC with use of ROSES-developed 
tools and techniques
- Potential for application in many other western river basins 







Using Geographic Data to Extract ET Data for the 
Irrigated Lands and Aggregate and Compare 


METRIC with Conventional Methods


ArcGIS model developed by 
Riverside to compute and 
summarize conventional and 
METRIC ET estimates using zonal 
statistics and the resulting map 
showing consumptive use by


 


 
water district.







ET Estimates for World Bank Morocco Irrigation 
System Rehabilitation Monitoring


Cooperator: 
World Bank and Morocco Ministry of Environment and Water


Objective:
-


 
Establish baseline ET of irrigation systems subject to $200M loan 


for rehabilition
-


 
Approximate groundwater use through water balance in 


representative areas
-


 
Re-apply techniques after system improvements including switch 


to drip irrigation
-


 
Use ROSES-developed tools and techniques to complement 


World Bank funding
- Consider applications in other regions 







METRIC-derived ET Example







ET computed daily from monthly METRIC products 
for 12 representative irrigation sectors







Water Balance Estimates for 12 Sectors


Annual Totals '06 - '07
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ET Actual Effective Precipitation Surface Water Irrigation Net Groundwater Abstraction







AUEA Arraja '06 - '07
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Summary


•
 


ET maps are valuable for:
–


 
Determining Actual ET


–
 


Water Transfers
–


 
Water Rights Conflicts


–
 


Ground-water Management
–


 
Consumption by Riparian Vegetation


–
 


Drought monitoring and management
–


 
Excellent means for determining and mapping the 
spatial and temporal structure of ET


•
 


ET Maps by METRICtm


 
have high accuracy and 


consistency
•


 
A single, high resolution thermal band is 
adequate and essential







Contacts and Thanks


Tim.Martin@riverside.com


METRIC:
Rick Allen
University of Idaho 
Research and Extension Center, Kimberly, Idaho
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Improving BASINS/HSPF Prediction Nitrogen 
 Export Using NASA Imagery


 What watershed measures best predict water quality?


Phil Townsend1


Angélica Gutiérrez‐Magness2


Keith Eshleman3


Brenden
 


McNeil4


1. University of Wisconsin     2. University of Maryland    
3. UMCES Appalachian Lab. 4. West Virginia University







Background


• Most models for predicting N export or loads assume 
 no spatial or temporal variations in N export from 


 large areas of forestland


• Although clearly mixed land use and fertilizer 
 application are major drivers of diminished water 


 quality, realism in the modeling of export from forest 
 land is required


• Model calibration is usually subjective. Transference 
 of parameters from gauged to ungauged


 
watersheds 


 is based on assumptions without spatial or temporal 
 variations.







Context







Hubbard Brook, New Hampshire


Bormann & Likens (1979)
Small Watershed Studies


We have long known that forest 
disturbances such as logging can 
greatly increase nutrient and sediment 
exports from forested watersheds. 







From Our Previous Research


• We know that natural disturbances 
also affect water quality in forested 
watersheds (Eshleman)


• Remote Sensing can be used to 
accurately characterize disturbance as 
related to water quality (Townsend)


• Forest species composition affects 
watershed nutrient dynamics (McNeil)







Shenandoah National Park (Virginia)
Eshleman et al. (1998, 2001); Eshleman (2000)


Defoliation by gypsy moth (Lymantria 
dispar) larvae


Oak mortality in Shenandoah National Park


Gypsy Moth Defoliation and Annual Nitrate-N Export
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Townsend et al. (2003) showed that we could accurately 
use Landsat derived change detection methods to predict 
streamwater total N and NO3 -N.


For N concentrations ranging from 0.05-1.68 mg/L in 
Appalachian streams, we were able to use change vector 
analysis to predict N with R2 = 0.79 and CV-RMSE = 0.08 
mg/L.







Hydrological Simulation 
Program-FORTRAN (HSPF) 


Basics
• Lumped, empirical, deterministic 


mass-balance time-series model
• Land-use specific calculations
• Describes and quantifies watershed 


processes:
– ET, infiltration, runoff (including ground 


water)
– Biogeochemical processing
– Riverine processes (transport)







Some HSPF Model Applications


• EPA/Chesapeake Bay Watershed model with 
697 watersheds in the Basin and only 238 
Calibration Stations. The Chesapeake Bay 
watershed is 60% forested.


• EPA/TMDL Program, with more than 500 
HSPF models addressing nutrient and 
sediment impairments throughout the 
country. 







Objectives


• Derive remotely sensed measures to improve 
 estimates of annual non‐point source loads of 
 nitrogen (N) from forested lands to surface waters 


• Improve model predictions of water quality for 
 gauged and ungauged


 
forested watersheds within 


 the HSPF modeling framework


• Provide more accurate load estimates to better 
 manage gauged and ungauged


 
watersheds. 


• End users: EPA, MDE, EPA‐CBP







Earth System Models
BASINS (Better Assessment 
Science Integrating point and 
Nonpoint Sources) is a GIS-based 
environmental analysis tool for 
performing water quality and 
watershed studies. 


Within BASINS, HSPF (Hydrologic 
Simulation Program – Fortran) 
simulates for extended periods of 
time hydrologic and water quality 
processes based on meteorological 
data, land cover, and other 
geospatial data.  Model outputs 
hydrographs and graphs of nutrient 
concentrations through time.    


Earth System Models
BASINS (Better Assessment 
Science Integrating point and 
Nonpoint Sources) is a GIS-based 
environmental analysis tool for 
performing water quality and 
watershed studies.


Within BASINS, HSPF (Hydrologic 
Simulation Program – Fortran) 
simulates for extended periods of 
time hydrologic and water quality 
processes based on meteorological 
data, land cover, and other 
geospatial data.  Model outputs 
hydrographs and graphs of nutrient 
concentrations through time.    


Value & Benefits
to Society


Improvements in the decision- 
making, decisions, and actions 
(actual, expected, estimated)


More realistic 
representation of 
forests within HSPF 
framework 


 
reducing overall 
model error 
Reduce uncertainty 
and error in HSPF 
predictions of nutrient 
loads 
Quantitative and qualitative 
benefits from the improved 
decisions 


(actual, expected, estimated)


Better basis for water 
quality management 
decisions 
Improved water 
quality 


Value & Benefits
to Society


Improvements in the decision- 
making, decisions, and actions
(actual, expected, estimated)


More realistic 
representation of 
forests within HSPF 
framework 


 
reducing overall 
model error
Reduce uncertainty 
and error in HSPF 
predictions of nutrient 
loads
Quantitative and qualitative 
benefits from the improved 
decisions


(actual, expected, estimated)


Better basis for water 
quality management 
decisions
Improved water 
quality


Predictions/Forecasts


Observations, 
Parameters & Products


Earth Observations


Land Cover, Forest Type


Topography


Remotely-sensed 
measures of forest 
condition: 


• Landsat


• MODIS


• Hyperion/AVIRIS


Earth Observations


Land Cover, Forest Type


Topography


Remotely-sensed 
measures of forest 
condition:


• Landsat


• MODIS


• Hyperion/AVIRIS


ROSES-2008        National Application:  Improving BASINS/HSPF predictions 
of nitrogen export to improve TMDL accuracy (Townsend)


Specific products or 
types of predictions 
from the models: 
• Nitrogen export 
from forests 
• Stream nutrient 
concentrations 
• TMDLs
Specific interoperability, 
data fusion, and other 
information technology 
to support integration: 


• Parameter 
estimation (PEST) 
• Hydrologic 
simulation modeling 
Specific observations 
products or parameters 
feeding the DSS: 


• Water quality
• Characterization of 
forest disturbance 
and type from GIS 
and remote sensing 
data 


Specific products or 
types of predictions 
from the models:
• Nitrogen export 
from forests
• Stream nutrient 
concentrations
• TMDLs
Specific interoperability, 
data fusion, and other 
information technology 
to support integration:


• Parameter 
estimation (PEST)
• Hydrologic 
simulation modeling
Specific observations 
products or parameters 
feeding the DSS:


• Water quality
• Characterization of 
forest disturbance 
and type from GIS 
and remote sensing 
data


Decision Support 
Systems, Assessments, 


Management Actions 


Specific analyses to support 
the decision making 


Compare nutrient 
load predictions: 
Baseline: N export 
from forests is 
uniform 
Modified: Calibrate 
N export from 
forests based on 
remote sensing data 


Specific Decisions / Actions


Establishment of 
more accurate 
TMDLs for 
watershed 
management. 


Decision Support 
Systems, Assessments, 


Management Actions


Specific analyses to support 
the decision making


Compare nutrient 
load predictions:
Baseline: N export 
from forests is 
uniform
Modified: Calibrate 
N export from 
forests based on 
remote sensing data


Specific Decisions / Actions


Establishment of 
more accurate 
TMDLs for 
watershed 
management.







Pilot Studies


• Using Eshleman
 


& Townsend NO3


 


‐N data from 
 Western Maryland watersheds


• Tested many remote sensing products, mostly 
 from MODIS – because of broad, regular 


 coverage and ease of download and use


• Tested inverse parameter estimation for 
 discharge and water quality in HSPF model 


 applications for the Inland Bays watershed 
 (DE) and Coastal Bays watershed (MD).







Example Disturbance Index: Landsat ΔNDII MODIS ΔEVI    


Simple models for the Maryland pilot study used summaries of remote sensing 
inputs by watershed.  







Recent Work ‐
 


Wisconsin
• Used nitrate‐N data from Robertson et al. 


 (2001‐2003, n=240) and Stanley & Maxted
 (2004, n=84)







Used MODIS data


• MODIS downloadable indices


• MODIS phenology
 


derivations (vegetation 
 seasonality)


• MODIS change indices –
 


between years and 
 between seasons


• MODIS measures of net primary productivity


• MODIS derivations of fractional cover (forest, 
 soil, impervious surfaces, non‐photosynthetic 
 vegetation)


Blue = data online; Black = derivations we calculate







Used MODIS data


• Goal: Identify a physiological or physical basis 
 for use of different remote sensing indices to 
 predict water quality


• Mean and standard deviation remote sensing 
 parameters derived on a watershed basis:


– RS for Year Of water quality sample


– RS for Year Previous To water quality sample


– Use of means alone allows pixel based water 
 quality estimates


– Use of standard deviations allows watershed 
 based estimates







Example Results


• Disclaimer: work was not conducted strictly 
 on forested watersheds







Watershed Basis
-Nitrate-N (mg/L)


2003


2001


2004


2002







Pixel Basis
-Nitrate-N
(mg/L)


2003


2001


2004


2002







Model predicting log(NO3


 


) from variable means of previous year







Model predicting log(NO3


 


) from variable means of previous year, factor loadings


MODIS
Spring EVI
Year Previous


MODIS Green 
Vegetation Fraction
Year Previous


MODIS Gross 
Primary Productivity
Year Previous







Summary
• Our predictions of NO3


 


‐N in Wisconsin had R2
 


> 0.80 
 with errors that were probably within the sampling 


 error of our water quality data.


• We used off‐the‐shelf MODIS data and derivations 
 that are easily implemented.


• Our results were an improvement over using static 
 land cover data sets and other GIS and nonspatial


 inputs for predicting WQ in ungaged
 


watersheds.


• HSPF could better model N export from forested 
 watersheds by incorporating remote sensing indices 


 that directly account for ephemeral losses due to 
 forest processes. 







Link to HSPF 
• We will use the remote sensing results within the 


 calibration framework of HSPF to provide more 
 accurate estimation of variations in forest 


 contributions to N loads.


• We will simulate N loads for the test watersheds in 
 the Chesapeake Bay Watershed, Adirondacks, and 


 Wisconsin.


• Gutiérrez‐Magness will investigate for the most 
 efficient way to incorporate inputs derived from 
 remote sensing effort into the HSPF simulations.


• Technology transfer of data and results to agencies 
 will occur in final 2 years of project.
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SPARROW Model (USGS’s SPAtially Referenced 
Regressions on Watershed Attributes)
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Model Diagnostics for Total Phosphorous


4







SPARROW Prediction of the TP Delivered to 
the Gulf of Mexico 


(816 watersheds in Mississippi River Basin)
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US Water Quality Assessment Program – 
SPARROW Contributions and Limits


• Characterization of water quality in watersheds, tracking of quantities of 
contaminants entering streams and rivers, assessing relative importance of 
different pollution sources
– Set priorities among watersheds for nutrient reduction (USEPA criteria)
– Support decisions on total maximum daily loads (standards and pollution 


sources)(TMDLs; Section 303d of the Clean Water Act)
– Identify largest contributors of nutrients 


• Geographic breadth
– National model (~62,000 stream/river segments); at watershed scale
– Two regional-scale models (New England and the Chesapeake Bay)
– Regional models under construction (Northeast Atlantic, Southeast and 


Eastern Gulf, Lower Mississippi, Western Gulf, Upper Mississippi and Great 
Lakes, Missouri, and Northwest Coastal)


• Limited data inputs -- particularly landscape variables affecting transport (land-to- 
water) and drainage area


• Lack of temporal resolution -- five-year reporting frequency hence long-term 
averaging only


• Lack of seasonal representation (such as severity of summer hypoxia in GOMA)







Candidate MODIS Products 
(Including surface reflectance, land cover, vegetation 


productivity, and snow products)


• MODIS/Terra/Aqua Surface Reflectance 8-Day L3 Global 
500m SIN Grid V005 (MOD09A1/MYD09A1)


• MODIS/Terra Land Cover Type Yearly L3 Global 1km SIN 
Grid V005 (MOD12Q1)


• MODIS/Terra Land Cover Dynamics Yearly L3 Global 1km 
SIN Grid V005 (MOD12Q2)


• MODIS/Terra/Aqua Gross Primary Productivity 8-day L3 
Global 1 km SIN Grid V005 (MOD17A2/MYD17A2)


• MODIS/Terra Snow Cover 8-Day L3 Global 500 m Grid, 
Version 5 product (MOD10A2)







Summary of the Variables of Interest
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Model input data Source Characteristics to 
guide interpolation


NASA (MODIS) product


Fertilizer N/P on 
cropland


NASS, 
NRI


Crop/cropland 
condition


MODIS Cover Type, Land 
Cover Dynamics,
NDVI/EVI/LSWI/GPP


Manure N/P on 
pasture/rangeland


NASS, 
NRI


Animal density; 
Pasture/range condition


MODIS Cover Type, Land 
Cover Dynamics,
NDVI/EVI/LSWI/GPP


N/P in forest runoff Forest condition MODIS Cover Type, Land 
Cover Dynamics, 
NDVI/EVI/LSWI/GPP


N/P in shrubland 
runoff


Shrubland condition MODIS Cover Type; Land 
Cover Dynamics, 
NDVI/EVI/LSWI/GPP


N/P in 
barren/transitional 
land runoff


Barren/transitional land 
condition


MODIS Cover Type, Land 
Cover Dynamics, 
NDVI/EVI/LSWI


Precipitation and 
related variables


Soil moisture, snow 
cover


MODIS snow covered area







Flowchart of Decision Support System for 
Water Quality Control
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Trade-off of Cost versus Reliability of 
Meeting a Pollution Constraint
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Research Objectives and 
Performance Measures


• Support NASA Strategic Plan and Applied Sciences Program objectives 
(improving water quality assessment capability at federal, regional, state, 
and local levels)


• Improve (1) temporal/seasonal relevance, (2) regional coverage, and (3) 
cost-effectiveness of water quality management and policy
– Evaluate model results with conventional statistical measures
– Estimate the value of information in incorporating MODIS (evaluate 


cost-effectiveness based on control costs for water quality management 
both before and after)


• Develop and deploy a decision support system for water quality 
management based on enhanced SPARROW models (evaluation by four 
end-users and subsequent deployment)


• Additional possible policy relevance (e.g., estimate the marginal price of 
trading permits for water quality management across US regions; derive 
optimal control strategies for meeting water quality targets)
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Monitoring the Water Cycle in the Arab Monitoring the Water Cycle in the Arab 
Region Using NASA Satellite and Data Region Using NASA Satellite and Data 


Assimilating Model Technology  Assimilating Model Technology  


Matt RodellMatt Rodell11, John Bolten, John Bolten11, David Toll, David Toll11, Ted Engman, Ted Engman1,21,2, , 
Joe NigroJoe Nigro1,21,2, Ben Zaitchik, Ben Zaitchik33, Mutlu Ozdogan, Mutlu Ozdogan44


1Hydrological Sciences Branch, NASA/GSFC
2Science Applications International Corporation


3Johns Hopkins University
4The University of Wisconsin
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Benefits:


• Near-real time monitoring of water resources across political boundaries


• Historical and regional perspective on local hydrological variability


• Rapid assessment of the severity and extent of droughts and floods


• A scientific tool for agricultural planning, including irrigation


• Potential to assess hydrological impacts of climate change


• A starting point for international cooperation


Goal: Map hydrological states (e.g., soil 
moisture, groundwater) and fluxes (e.g., 
evaporation, runoff) in the Middle East - 
North Africa (MENA) region, which will 
serve as a basis for regional water 
resources assessments. 


Method: Optimize a land data assimilation system (LDAS) for the MENA region, in 
which NASA satellite data, surface observations from Arab countries, and publicly- 
available meteorological analyses will be used to parameterize, force, and constrain a 
sophisticated land surface model. 


““Monitoring the Water Cycle in the Arab Region Using Monitoring the Water Cycle in the Arab Region Using 
NASA Satellite and Data Assimilating Model TechnologyNASA Satellite and Data Assimilating Model Technology””


Funding Source: U.S. Agency for 
International Development (USAID)


Mean Annual Rainfall
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Data Integration Within a Land Data Data Integration Within a Land Data 
Assimilation System (LDAS)Assimilation System (LDAS)


INTERCOMPARISON and 
OPTIMAL MERGING of 


global data fields


Satellite derived meteorological 
data used as land surface model 
FORCING


ASSIMILATION of satellite based land 
surface state fields (snow, soil moisture, 


surface temp, etc.)


Ground-based observations used 
to VALIDATE model output


SW RADIATION


MODIS SNOW COVER


PRECIPITATION


SNOW WATER EQUIVALENT
Matt RodellMatt Rodell
NASA GSFCNASA GSFC
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Arab LDAS ResolutionArab LDAS Resolution


Spatial resolution: 0.125° grid (above)


Temporal resolution: 3-hourly
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Parameter Input DatasetsParameter Input Datasets


Dominant Land Cover Type


Fraction of Sand
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Meteorological ForcingMeteorological Forcing


PERSIANN 0.04° Precipitation (mm), July 2007


Observation and neural network based precipitation 
product from the University of California, Irvine


Other forcing datasets will include satellite derived downward 
shortwave and longwave radiation, and surface meteorological fields 
from atmospheric analysis systems
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Soil MoistureSoil Moisture
Snow, Ice, RainfallSnow, Ice, Rainfall SnowSnow


VegetationVegetation
RadiationRadiation


Remote Sensing of the Water CycleRemote Sensing of the Water Cycle


Aqua: 
MODIS, 
AMSR-E, 
etc.


GRACE


GRACE is 
unique in its 
ability to 
monitor water at 
all levels, down 
to the deepest 
aquifer
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GRACE Data AssimilationGRACE Data Assimilation


BBBB


Catchment 
LSM spatial 


elements 
(average size 


~2,500 km2)


BB
 AAAA


GRACE 
observation 
scale: river 


basins (200,000 
– 1,000,000 km2)


Catchment LSM (Koster et al., 2000)


three snow layers
surface excess
root zone excess
“catchment deficit”
soil moisture
groundwater


z


degree of saturationdegree of saturation


Data assimilation enables spatial and temporal downscaling and vertical 
decomposition of GRACE derived terrestrial water storage into groundwater, 
soil moisture, and snow.
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GRACE water storage, mm
January-December 2003 loop


Model assimilated water storage, mm
January-December 2003 loop


Monthly anomalies  
(deviations from the 
2003 mean) of  
terrestrial wa ter 
storage (sum of  
groundwater, soil  
moisture, snow, and 
surface water) as an 
equivalent layer of  
water.  Updated from 
Zaitchik, Rodell, and 
Reichle, J. 
Hydromet., 2008.


GRACE Data AssimilationGRACE Data Assimilation


From scales useful for water 
cycle and climate studies…


To scales needed for water 
resources and agricultural 


applications
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Source: Global Map of Irrigated Areas (UN Food and Agriculture Organization)


Irrigated Area (%)Irrigated Area (%)
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Innovative algorithm applies irrigation 
based on MODIS map, crop type, time of 
year, soil dryness, and common irrigation 


practices, to improve modeled fluxes


Max surface temperature (K) 
at an irrigated site, from 
control run (gray line), 
irrigation run (black line), and 
observations (dots)


Difference (%) in evapotranspiration between 
irrigation and control runs, Aug-Sep 2003MODIS derived intensity of irrigation


290


300


310


320


8/11/03 8/18/03 8/25/03 9/1/03 9/8/03
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Simulating Irrigation Based on MODIS ObservationsSimulating Irrigation Based on MODIS Observations


Ozdogan, Rodell, Beaudoing, and Toll, J. Hydrometeor., in press.
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Irrigated Area (%)Irrigated Area (%)


Iraq


MODIS derived 
irrigation intensity


(250 m resolution) 


Global Map of 
Irrigated Areas 


(10 km resolution)
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SourceSource--toto--Sink Runoff RoutingSink Runoff Routing


Gridded 3-hourly runoff output
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STS routing scheme


Olivera et al., 2000


Coe et al., 2000


Flow times to 
GRDC gauge 
locations


Allows for spatially variable 
parameterization of velocity, 
dispersion, and loss


Can accept any resolution of 
gridded input


Facilitates evaluation of 
modeled runoff


Computationally efficient post- 
processor for LDAS 


Can utilize high resolution landscape 
data for global applications


River basin discharge time series


Zaitchik, Rodell, and Olivera, WRR, in review.
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Two-year project funded by USAID, “Monitoring the Water Cycle in the Arab Region 
Using NASA Satellite and Data Assimilating Model Technology”


Objectives:


• Configure LDAS system for the Arab region on 0.125° (~12 km) grid;


• Identify best available meteorological forcing datasets for driving the LDAS;


• Derive a satellite-based irrigation intensity map for the Arab region;


• Derive a satellite-based crop type map for the Arab region;


• Implement GRACE data assimilation;


• Use the irrigation intensity map to evaluate irrigation water use in the LDAS;


• Implement a source-to-sink runoff routing algorithm for streamflow estimation;


• Provide nation-specific water balance results to nations that contribute data;


• Evaluate hydrologic responses to Mid-East climate change scenarios;


• Transfer the working LDAS system to the Arab Water Academy.


Benefits:


• Improve water managers’ ability to monitor changes in water availability, including 
surface- and ground-water storage, river runoff, and related land use changes;


• A tool for predicting the regional hydrological impacts of climate change scenarios; 


• A platform for cooperation and data sharing among nations.  


SummarySummary
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• Relief Map
• Historical Flooding
• Current Flood Water
• Water Mask















“Hi Fritz,
I just want to let you know that we have been using today the TRMM product (see attached) to 


 
confirm information from the field about floods near Kartoum


 


and we will probably be 


 
launching an Emergency Appeal.
Have a nice day”


Frédéric


 


Zanetta
Operations Support Department
International Federation of Red Cross and Red Crescent







EO‐1  Acquisition of 2009  Zambezi River Flooding
Tasking requested by Namibia Water Ministry


Target Capability – automated tasking 


 requests to EO‐1 sensor web based on 


 hybrid product of:
• flood forecast model
• “River Watch”
• possibly MODIS flood maps







• FY09 Funding Recently Received


• Grants in Place for Co‐I’s


• Flood Mapping
• Manual Process written out as a procedure
• Data acquired for prototype (Zambezi River Flooding 2009)
• Programmer has replicated manual process
• Working on 2‐day composite cloud masking
• Request to GSFC/ HQ for 2‐hour latency MODIS geotiff


 


and cloud mask 


 
products on 10 deg X 10 deg grid 


• Flood Detection (Alerts/ Tasking)
• Several ideas on approach –


 


discussing with GSFC mathematician 
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Global Flood and Landslide Detection & PredictionGlobal Flood and Landslide Detection & Prediction
Using Satellite ObservationsUsing Satellite Observations


3 day rains
•TRMM Multi-satellite Precipitation Analysis (TMPA) as key input to flood and landslide analysis/prediction 


Robert Adler (ESSIC/UMD, NASA GSFC), Fritz Policelli (NASA GSFC)
Koray  K. Yilmaz (ESSIC/UMD), Yang Hong (U. of Ok),, Hal Pierce(NASA), Yudong Tian (NASA)


Floods in
Dominican Republic







Global Flood Monitoring (GFM)--An Approach Using Global 
Rainfall and Surface Information from Satellites and Other Sources


Hydrological/Flood Model Running in Real-time 


in Experimental Mode Globally at 0.25° lat./long. resolution every 3 hour.


http://trmm.gsfc.nasa.gov







8 September 2009  


09 GMT


On-line Global Flood Monitoring
Every Three Hours at 0.25 Degrees


Real-time global 
estimation of flood areas 
using satellite-based 
rainfall and a hydrological 
model running globally, 
every three hours at 0.25°.


Estimated Water Depth from Hydrological Model       
35mm            75mm             >125mm


http://trmm.gsfc.nasa.gov


• See TRMM web site for a global view of today’s flood affected areas and 7-day 
movies of the evolution potential floods (http://trmm.gsfc.nasa.gov/)







03 GMT May 5, 2008
May 5, 2008


Two Satellite Views of Burma Flood 
Post Analysis Inundation Map from Dartmouth 


Flood Observatory (using MODIS data)
Real-time Inundation Estimate from 


Hydrological Model and Satellite Rainfall


• MODIS inundation maps generally validates flood estimates from real-time hydrological 
estimations using satellite rainfall


NASA Goddard/U. of Maryland/U. of Oklahoma


Evaluation using remotely-sensed products


After the fact! After the fact! RealReal--time estimation!time estimation!
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Number of observed flood events:   4
Number of Simulated flood events:  9
False Alarm Ratio                        :  0.55
Probability of Detection (±1 day) :   1
Flood Detection Time Bias              : ‐1


WATERSHED NAME: ILLINOIS


Model Resolution 
(0.25x0.25 degree)
Watershed


Legend
Illinois River, 
Tahlequah,
OKLAHOMA
Area = 2484km2


Time Step (Day), Labels (Year&Month)


Radar/Gauge Rain


Satellite Rain


Observed Flow


Simulated Flow from the Global Model


2007/Sep. 2008/July


Evaluation at the basin-scale


No baseflow component + routing problem !!!







Evaluation using Dartmouth Flood Archive
• Flood Archive compiled by Dartmouth Flood Observatory


• based on news reports, remote sensing sources, etc.


• Provides begin-end date & centroid of large flood events


Time Period = 042007 – 072008


Probability of Detection & False Alarm Rate
Flood = At least 2 contiguous cells > 75mm/3hr ; Time window :±1 days


Number of days with simulated flood events for each 2.25oX2.25o grid 


106 events were detected out of 259 
(41% probability of detection over the globe) 







Extrapolation using NWP (NCEP-GFS) data


Tomorrow
9  September 2009  12 GMT


Today
8  September 2009  12 GMT







CorrectingCorrecting NWP using satellite rainfall dataNWP using satellite rainfall data


Satellit
eGE


O
S-


5


PDF Matching:PDF Matching: GEOSGEOS--5 PDF is corrected using Satellite (TMPA) PDF5 PDF is corrected using Satellite (TMPA) PDF


• NWP Model outputs must be corrected before using for hydrologic applications


•NOTE: TMPA -> Snapshot vs. GEOS-5 -> long term average rainfall 


GEOSGEOS--55 : : Goddard Earth Observing System Model Version 5


Tian, GSFC







•GFM2 combines 
(a)a rainfall-runoff generation module, 
modified from UW-VIC model1, 
(b)a parallel multi-linear storage module, 
modified from Xinanjiang model2


(c)a newly developed grid-to-grid 
routing scheme.


1Liang,et al. 1994
2Zhao & Liu, 1995


New Global Flood Model Under DevelopmentNew Global Flood Model Under Development
•GFM2 : Univ. of Oklahoma & NASA Goddard  (Wang et al., 2009)
• Distributed hydrological model 
• Continuously simulates the water balance


of river basins at global & regional scales.


GFM2 incorporates the processes of canopy 
interception, evapo-transpiration, water storage in 
three soil layers and aquifers, runoff generation in 
the catchment and translation and retention in 


river channels.


• 23 parameters (6 physically-based)







Initial Results with New Model using default parametersInitial Results with New Model using default parameters


Flint River Basin
Area = 19606km2


Georgia


100km


Simulated Discharge (m3/sec)


Observed Discharge (m3/sec)


Satellite Rainfall (mm/day)


Radar/gauge Rainfall (mm/day) Radar/Gauge Rainfall (mm/day)
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Hong et al. (2007)Weights: Slope –
 


0.3, Soil Type –
 


0.2, Soil Texture –
 


0.2, Elevation –
 


0.1, 
Land


 
Cover


 
–


 
0.1,


 
Drainage


 
Density


 
–


 
0.1


Landslide Susceptibility Map


Hong et al. (2007)


0.25 x 0.25 degree pixel coverage
High Susceptibility: Cat 4-5







Locations of 74 
Rainfall-triggered 
Landslides


Rainfall Intensity-Duration 
for the 74 cases


1 day threshold= ~75 mm of rain


TMPA-based Threshold:  I = 12.45 D -0.42
Caine’s (1980) Threshold: I = 14.82 D-0.39


Relation of Rain Intensity-Duration Threshold and Landslide Occurrences







400 unaccounted for in Taiwan mudslide
PETER ENAV
The Associated Press
Monday, August 10, 2009; 3:32 PM 
TAIPEI, Taiwan -- A mudslide touched off by a deadly typhoon buried a remote mountain village, leaving at least 400 people unaccounted for 
Monday, and military rescue helicopters unable to land because of the slippery ground dropped food to desperate survivors. 


Recent Landslides and Flooding in Taiwan and Japan


Areas of high landslide potential (red areas 
inside circles) identified using TRMM rainfall 
and other satellite information


Areas of high landslide potential (red areas 
inside circles) identified using TRMM rainfall 
and other satellite information


Areas of high landslide potential 
(red areas inside circles) 
identified using TRMM rainfall 
and other satellite information


Areas of flooding identified 
using TRMM rainfall, other 


satellite information and 
global hydrological model


1200 GMT 10 August 2009







Relative Skill Assessment 
(Landslides)


Landslide Forecasts vs. Global Landslide Catalog Landslide Forecasts vs. Global Landslide Catalog 


Skill Ratio (Green) = Well-Forecasted, 
Over-Forecasts (Red), Missed Landslides (Blue)


Dalia Kirschbaum (GSFC)







Conclusions and Future WorkConclusions and Future Work
• Initial global flood model running in real-time with satellite precipitation 


estimates.  Initial evaluation indicates positive results for heavy rainfall  
induced flood events, but also points toward directions for improvement.


• Basin-scale analysis: Initial results indicate skill at onset of floods due to heavy 
rainfall, however less skill at later stages.  Need improved routing component 
(at higher resolution).


• Improved global flood model being tested (U. of Oklahoma) in comparison with 
operational version.  Expected improved results will lead to early 
implementation.


• Linked to regional SERVIR Africa project--e.g., adaptation of global products 
to East Africa; high resolution regional model as test for global approach. 


• Interactions with global users (e.g., Int’l Red Cross) to maximize utilization.  
Building links with other disaster monitoring organizations.  Looking for end- 
users to take-over operational implementation. 


• Global NWP precipitation information will be incorporated to extrapolate flood 
predictions--up to ~5 days.







THANK YOU!







Estimated Water Depth from Hydrological Model       
35mm            75mm             >125mm3-Day Rainfall


Madagascar Floods and Landslides 18 Feb. 2008, 15 UTC


Rain Floods Landslides







Hurricane Season Example--Heavy Rain, Floods, Landslides in 
Hispaniola--1 November 2007


3-day heavy rains over 250 mm over 
Dominican Republic related to 
Hurricane Noel produces flooding 
(deduced by hydrologic model 
running globally in real-time) and 
landslides (estimated from real-time 
landslide potential algorithm). Real-time 
info. being used by Int’l Red Cross, others for 
mitigation planning, etc.


Rainfall information is from TRMM Multi-satellite Precipitation Analysis (TMPA) Adler-UMD/GSFC
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The Hindu Kush ‐


 
Himalayan (HKH) 


 
region extends 3,500 


 
km over all or part of 


 
eight countries from 


 
Afghanistan in the 


 
west to Myanmar in 


 
the east.
The HKH region is the 


 
source of the 10 


 
major rivers in Asia.















GeoSFM


 


–


 


USGS Stream Flow Model, used by the Asia Flood Network and ICIMOD







Snow Water Volume Charts


Snow Accumulation/Depletion Curves











GeoSFM


 


is used at 


 
ICIMOD in their Asia 


 
Flood Network system


Our project capitalizes on 


 
10 years of work using 


 
merged rainfall data and 


 
stream flow at ICIMOD


Our focus is to incorporate snow water melt and glacier outflow
into stream flow modeling framework.
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Initial Operational Configuration of Initial Operational Configuration of 
LIS at the Air Force Weather AgencyLIS at the Air Force Weather Agency


Christa Peters-Lidard, Head, Hydrological Sciences Branch, NASA/GSFC
John Eylander, Chief, Specialized Models, 2 WXG/WEA, AFWA, Offut AFB


Sujay Kumar, Rolf Reichle, Jim Geiger, Yudong Tian, Chris Franks, Ted 
Lewiston, Ryan Ruhge, Don Pruden


Pg. 1







2


• The LIS software will eventually replace the AFWA AGRiculture 
METeorology (AGRMET) Model, a software package developed at 
AFWA, to support:
– USDA global crop production estimates
– US Army tactical decision aid systems
– National Programs
– NCEP
– AFTAC
– other DoD organizations.   


AFWA Requirements







AFWA LIS Support


• AFWA LIS Team
– Mr. John Eylander, Project Lead
– Mr. Chris Franks
– Mr. Ted Lewiston
– Mr. Ryan Ruhge
– Mr. Don Pruden, Quality Assurance & Independent Testing


• Initial LIS development to support AGRMET started in 2005 using 
AFWA 3600 (Weather and Forecasting Line) program funding


• Supercomputer time on DoD MSRC  


3


•


•DoD High Performance Computing Center Program (HPCMP) Naval Oceanographic Office (NAVO) Major Shared 
Resource Center (MSRC) IBM cluster 1600 system (Kraken) and IBM cluster **** system (Babbage).  


•Kraken has 368 nodes with eight 1.7GHz Power4+ processors each. Kraken uses a proprietary network and IBM's High Performance 
Switch (HPS), also know as Federation, to communicate between nodes. The switch provides ~7-14 microsecond latency with a raw 


bandwidth of 2 GBps.



http://www.hpcmo.hpc.mil/index.html





4


• IOC Began on 24 February 2009 after 2-year spin-up  
following testing, debugging w/AFWA


• Model specs: LIS6.0, Noah 2.7.1, Global, ¼ degree, 15 
min time step, 3 hourly output
– Approx.16th mesh AGRMET
– Current AGRMET is 8th mesh~ ½ degree, so 4x pixels globally


• CPU
– 4 cycles/day at cycle + 5.5 hours
– 0/12Z cycles run 4 tasks for 15 minutes
– 6/18Z cycles run 4 tasks for 6 minutes
– Post-processing and Visualization consume less time


• Data Flow – 315MB/Day to ESS


AFWA LIS Operations







AFWA/LIS and AGRMET 
10-cm Soil Moisture Snapshot


5


•
LIS


AGRMET







AFWA/LIS- 
Afghanistan Window


6


•







AFWA/LIS- 
East Africa Window


7


•







AFWA/LIS- 
Middle East Window


8


•







LIS Plans at AFWA


• LIS IOC Ongoing
• LIS Runs 4xDaily 
• Working towards FOC (Final Operational Configuration) in FY10
• Consider replacing AGRMET with LIS as input to WRF
• Theater scale LIS as input to WRF
• NCAR-NASA joint project to fully couple WRF-LIS system; delivery 


in March/April 2010
• Replace CDFS-II SFCTMP model with LIS-based forecasts
• Evaluate driving LIS global resolution higher
• Upgrades to use more real-time satellite observations
• Potential platform for SMAP and GPM “Early Adoption”


Pg. 9







Pg. 10


The End







LIS AFWA 
Benchmarking Studies


11





 


GOAL 1:  Port AGRMET meteorology, radiation, and precipitation 
forcing modules to LIS and benchmark the results





 


Lower troposphere 
temperature and humidity 
profile



 


NCEP GFS blended with 
synoptic observations





 


Near surface winds derived 
from 10-meter GFS winds





 


If GFS is not available, 
NOGAPS used as a backup
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• Barnes analysis method blends 
observations from: 


• Gauge reports
• AFWA Geostationary IR 


satellite precipitation estimate
• AFWA CDFSII precipitation 


estimate 
• DMSP SSM/I & SSMI/S 


rainrate estimates (Tropics 
only)


• Climatology


••AFWA Blended Global Precipitation EstimateAFWA Blended Global Precipitation Estimate


LIS Benchmarking Studies
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•Cloud information 
(coverage, top, types) 
from the AFWA CDFSII


•Reference:
•Shapiro 
(1987)•References: 


Idso (1981) 
and 
•Wachtmann 
(1975)


LIS Benchmarking Studies







2d WXG Specialized Modeling Teams 


Land Information System
• Implementing LIS version 6 (LIS6)


– Ensemble Kalman Filter Data Assimilation 
module


– Removed AFWA Polar Stereographic Grid 
internal processing


• Grid processing more efficient, scalable
– Requires/supports Earth System Modeling 


Framework (ESMF) version 3 for WRF coupling
– Support for WRF domains; can be fully (two- 


way) coupled to WRF
14
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Paul Simon Water Act for the Poor
legislation that requires special attention to be given to 


semi-arid regions such as Northeast Brazil, western 
Argentina and Atacama


Integrating NASA Earth Sciences Research results into Decision Support 
Systems for Agriculture and Water Management in South America


 NASA Applied Sciences starting FY10





 


Use of NASA remote sensing and modeling products combined with surface 
observations at various scales to improve decisions support systems in agriculture, 
drought and water resources management for South America (SA)





 


Build upon a partnership between NASA and various U.S. and international 
agencies and universities to contribute to the dissemination of NASA Earth Sciences 
research results within that continent





 


Provide valuable information based on NASA Earth Sciences products to South 
American national agencies and other end-users


OUTLINE



http://sucuri.cpd.ufsm.br/





Integrating NASA Earth Sciences Research results into Decision Support 
Systems for Agriculture and Water Management in South America


Development of methods to estimate 


 
climatic risks of regional individual crops, 


 
intercropping and cattle‐farming 


 
integration systems


The “Agricultural Zoning for Climatic Risks”


 


(AZCR) is a program developed in Brazil 


 
since 1995, to provide guidance information for agricultural practices.


THE AZCR


Cattle farming systems are adding 


 
up quality to the grain production 


 
and yield of pastures, mitigating the 


 
environmental impacts and 


 
reducing the pressure on the 


 
Amazonian forest



http://sucuri.cpd.ufsm.br/





Integrating NASA Earth Sciences Research results into Decision Support 
Systems for Agriculture and Water Management in South America


In the AZCR program run by EMBRAPA, primary 


 
meteorological input datasets are provided by 


 
INMET


 


surface observations network and 


 
weather and 


 


climate 


 


prognostics from 


 
numerical models 


 


from CPTEC/INPE


The number of 
participating 
agricultural zoning 
crop types increased 
from four (rice, beans, maize and 


 
soy) at the beginning of the 


 
program up to 22 in 2008 and 


 
expected to reach 33 by 2009


EMBRAPA


 


(Brazilian Agricultural 


 
Research Corporation) 


INMET


 


(Brazilian National Weather 


 
Service)


INPE


 


(National Institute 


 
for Space Research)


CPTEC


 


(Center for 


 
Weather Forecast and 


 
Climate Studies)



http://sucuri.cpd.ufsm.br/





Integrating NASA Earth Sciences Research results into Decision Support 
Systems for Agriculture and Water Management in South America


“Incorporating high quality observations of surface conditions from 
NASA satellites and other observing systems to quantify continental 
scale daily ET at 5~20Km spatial resolution and water storages and 
fluxes at basin scale will enable enhancement of decision support tools 
for agriculture, human use and disaster mitigation over South America.”


EOS multi‐sensor (AIRS, 


 
CERES and MODIS) based 


 
evapotranspiration


The Gravity Recovery and Climate 


 
Experiment (GRACE) estimates of 


 
monthly variations in terrestrial 


 
water storage (TWS)


The Tropical Rainfall Mission 


 
Measurement (TRMM) derived 


 
precipitation


AMSR‐E and TRMM 


 
Microwave Imager (TMI)  


 
SMAP


 


soil moisture


NASA’s Land Information System (LIS) and the South 


 
American Land Data Assimilation System (SALDAS)


Land Surface Modeling Framework


CPTEC/INPE


 
atmospheric models


INMET


 


surface 


 
observations network



http://sucuri.cpd.ufsm.br/





Integrating NASA Earth Sciences Research results into Decision Support 
Systems for Agriculture and Water Management in South America


SEBS (micromet approach) – (Princeton)


kB-1


model


Energy
Balance


G Flux


H Flux


LE Flux


Rn Flux


Roughness
Parameters


Tsurf/emis


Land cover


LAI


Albedo


SwR / LwR


Wind


Tair


Mixing Ratio


veg_data


Ground heat


A
erodynam
ic 


R
esistance


Pressure


Data Sources CERESMODIS GMAOAIRS


EF and 
LE Flux


Land cover


LAI / NDVI


Albedo


SwR / LwR


Wind


Tair


Mixing Ratio


veg_data


Pressure


CERESMODIS GMAOAIRS


emissivity


rcanopy


Rnet


raerodynamic


Data Sources


Mixing Ratio  
(saturated)


MODIS based Penman-Monteith – Princeton U.


Development of global ET using NASA Earth Observing System (EOS)


 


data using 2 different 


 
algorithms
Application of the Penman‐Monteith algorithm using ISSCP and SRB data for 20+ years over Mexico 


 
with comparisons to other ET estimates.
Extension of the above to global ET estimates for the ISCCP record (at ISCCP 2.5‐degree resolution)


PRINCETON UNIVERSITY Remote Sensed ET Estimation    (Eric Wood)



http://sucuri.cpd.ufsm.br/





Integrating NASA Earth Sciences Research results into Decision Support 
Systems for Agriculture and Water Management in South America


PRINCETON UNIVERSITY Remote Sensed ET Estimation (Eric Wood)


Data Type Variable Unit Source Platform Resolution


Surface 
Meteorological 


Data


Air temperature
Pressure
U-Wind
V-Wind


Vapor Pressure


C
KPa
m/s
m/s
KPa


AIRS
AIRS


CERES 
(GMAO)


AIRS


AQUA
AQUA
AQUA
AQUA
AQUA


25 km*
25 km*
20 km
20 km
25 km*


Radiative 
Energy Flux


Incident SW 
Incident LW


W/m2


W/m2


CERES 
CERES


AQUA
AQUA


20 km
20 km


Vegetation 
Parameters


Emissivity
Albedo


LAI
Veg. Type 


(MODIS UMD 
Classification)


-
-
-
-


MODIS
MODIS
MODIS
MODIS


AQUA
AQUA
AQUA
TERRA


5 km
5 km


1– 5 km
20 km


Processing the Data streams


*Processed to 25‐km at Princeton
“Fast response” variables put into global, hourly UTC files
“Slow” MODIS land cover variables are in 8‐day or 16‐day files


}


7 GB 
raw RS data/day


Processing the Princeton Remotely‐Sensed ET Product  (beta version)


necessary 
upscaling & downscaling


Use the calculated EF (soon from both Aqua and Terra) to scale SRB diurnal
insolation data to obtain daily (weekly, monthly) LE and ET [mm/day]


Penman‐Monteith
Instantaneous Retrieval


(1:30pm local)


SEBS
Instantaneous Retrieval


(1:30pm local)


apply quality 
flag filters


Determination of cell‐specific, instantaneous  EF
EF = LE / (Rn – G )


Figure.Mean seasonalmaps of ET from RS‐PM and VIC for 1984‐2000.


ET Estimates (Mexico): Comparison with VIC LSM


Jan


Apr


Jul


Oct


RS‐PM ET VIC ET VIC – RS‐PM
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NASA Water Resources Program Project Support for 
Activities in Latin America   


“Initiate capacity building {and end to end projects} programs to
 develop tools for using remote sensing data in support of water 


management, and to show the value of Earth observations 
generally in water resource management.  The program will be 
initiated in Latin America” {GEO Tasks WA-06-07 & DI-07-


 01}


The NASA Water Resources Program may assist: 


1)


 


Assist with workshop support including the training of students


 and travel for US visits.  
2)


 


Support graduate students & post-docs
3)


 


End to End Projects with Decision Support Systems



http://sucuri.cpd.ufsm.br/





South American Land Data Assimilation System (SALDAS)South American Land Data Assimilation System (SALDAS)


Collaborative work for the past 4 years (mostly unfunded) with the Brazilian 


 


Center for Weather Forecast and Climate Studies


 


(CPTEC


 


‐


 


an equivalent no 


 


NOAA/NCEP in SA) a division from the Brazilian National Institute for Space 


 


Research


 


(INPE


 


‐


 


an equivalent to NASA in SA). CPTEC/INPE is a lead and 


 


reference institution in Latin America for operational and research modeling. 


 


This collaborative work includes promoting interaction between Latin America 


 


students and researchers and US institutions as well as Capacity


 


Building


Funded Activities


Recently Funded


La Plata basin integrated total runoff 


 


(Kg/m2) at 1Km resolution (January 


 


2000)


NASA THP ‐


 


La Plata Basin combine 


 


NASA products with local observations 


 


to improve understanding of the 


 


hydrological and meteorological 


 


processes over the region NDVI1981‐2000 trends: surrogate for 


 


primary production from NOAA‐AVHRR 


 


images. Red: decrease Blue: increase. 


 


[Courtesy of Jobbagy.]


IAI ‐


 


La Plata Basin Land 


 


Use/Land Change due to natural 


 


and anthropogenic causes


NASA LBA Ecology – LSM 


 


Intercomparison Project leverage 


 


on 8 flux sites in the Amazon 


 


region. SALDAS forcing used for 


 


wall‐to‐wall intercomparison.


NASA Applied Sciences Program 


 


proposal to improve decisions 


 


support systems in agriculture, 


 


drought and water resources 


 


management for South America


Amazon Observational Network of 


 


eddy flux tower sites (red dots) on a 


 


map of vegetation types in 


 


Amazônia and Brazil.


Wm-2
(b)


SALDAS – CTR latent heat flux


Wm-2Wm-2
(b)


SALDAS – CTR latent heat flux


Regions with significant impacts on 


 


latent heat flux when comparing 


 


initial conditions for operational NWP 


 


models models with well‐balanced 


 


SALDAS fields


NASA Water Resources Program Project Support for 
Activities in Latin America   



http://sucuri.cpd.ufsm.br/





NASA Water Resources Program Project Support for 
Activities in Latin America   


2006 Enrique Rosero (Ecuador) 
Amazon LSM parameter calibration


2007 Rafael Rosolem (Brazil)
Amazon  Hydrology & Calibration


2009 Mario Quadro (Brazil)
La Plata Precipitation Recycling


Debora Roberti (Brazil)
Wet Lab for regional soil moisture and ET
In support to agriculture


2008 Joao Mattos (Brazil)
Operational Land‐Surface DA


2009 Claudia Ramos (Brazil)
AMSR‐E Soil Moisture DA


Visiting Researchers and Students to NASA/GSFC/HSB



http://sucuri.cpd.ufsm.br/





NASA Water Resources Program Project Support for 
Activities in Latin America   


Capacity Building Meetings and Workshops


Public: graduate students and young scientists


Two weeks hands‐on training in hydrology, 


 
meteorology, ecological modeling and data 


 
assimilation


More than 100 registrations from North and 


 
South America, Africa, Europe and few from 


 
Asia…


To be held at the ITAIPU hydropower plant at 


 
the border of Brazil, Argentina and Paraguay


Inter‐American Institute


PI: Hugo Berbery (UMD)







NASA Water Resources Program Project Support for 
Activities in Latin America   


Capacity Building Meetings and Workshops
GEO Water Cycle Capacity Building Workshop
Lima, Peru November 30 to December 4, 2009


Rick Lawford


Specific objectives for the workshop/symposium include:


To develop an inventory of the national and regional data needs and data infrastructure in Latin 
America and the Caribbean.


To introduce representatives of countries in Latin America and the Caribbean to the tools that are 
available for analysis through GEO and GEO members.


To develop a plan for a program of Capacity Building in the water sector for the countries of Latin and 
Caribbean America and a framework to support “North-South” and “South-South” support and 
collaboration.


Outputs:


A workshop report that summarizes the needs and capabilities for Earth Observations in Latin America 
and the Caribbean.


A program framework for coordinating GEO-related capacity building activities in Latin America and the 
Caribbean.
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North American LDAS North American LDAS 
Drought Monitoring:Drought Monitoring:


 30+ years of hourly NLDAS30+ years of hourly NLDAS--22
 data now available online for usersdata now available online for users


David MockoDavid Mocko
SAIC / NASA GSFCSAIC / NASA GSFC


Brian CosgroveBrian Cosgrove
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NASA GSFC Drought Project OverviewNASA GSFC Drought Project Overview





 


Analyze drought monitor output to determine effect of Analyze drought monitor output to determine effect of model model 
selectionselection, , forcing dataforcing data, , NARR climatology lengthNARR climatology length


 
, and , and ensemble ensemble 


constructionconstruction


 
on drought characterizationon drought characterization





 


Transition system to realTransition system to real--time operations, providing objective data to time operations, providing objective data to 
existing drought monitoring efforts such as the U.S. Drought Monexisting drought monitoring efforts such as the U.S. Drought Monitoritor


28 Year forcing
data set on 1/8th


degree NLDAS grid


28 Year forcing
data set on 1/8th


degree NLDAS grid


NARR Only


NARR and
observations


28 Year ensemble runs
Noah, CLM3, Catchment, 
HYSiB, Mosaic at GSFC


(VIC and Sacramento from NCEP)


28 Year ensemble runs
Noah, CLM3, Catchment, 
HYSiB, Mosaic at GSFC


(VIC and Sacramento from NCEP)


Hydrological
Indexes


Agricultural
Indexes


Meteorological
Indexes


Drought Monitor
Post-processor
Drought Monitor
Post-processor


Intercomparison, 
validation, and 


data dissemination


Intercomparison, 
validation, and 


data dissemination


NARR
Obs. SW


Obs. Precip.


28 Year forcing
data set on 1/8th


degree NLDAS grid


28 Year forcing
data set on 1/8th


degree NLDAS grid


NARR Only


NARR and
observations


28 Year ensemble runs
Noah, CLM3, Catchment, 
HYSiB, Mosaic at GSFC


(VIC and Sacramento from NCEP)


28 Year ensemble runs
Noah, CLM3, Catchment, 
HYSiB, Mosaic at GSFC


(VIC and Sacramento from NCEP)


Hydrological
Indexes


Agricultural
Indexes


Meteorological
Indexes


Drought Monitor
Post-processor
Drought Monitor
Post-processor


Intercomparison, 
validation, and 


data dissemination


Intercomparison, 
validation, and 


data dissemination


NARR
Obs. SW


Obs. Precip.


30 Year hourly forcing
data set on 1/8th


degree NLDAS grid


Indices


Indices


Indices


30 Year ensemble runs
Mosaic, HySSiB, Catchment, 


CLM3.5 at GSFC            
(Noah, VIC, and Sacramento 


from NCEP)







Project Forcing and Drought IndicesProject Forcing and Drought Indices



 


Forcing is hourly, 1/8Forcing is hourly, 1/8thth


 


degree, compatible with original NLDAS datadegree, compatible with original NLDAS data



 


NARR model data base (3 hourly, 32km, Jan 1979 NARR model data base (3 hourly, 32km, Jan 1979 ––


 


Present)Present)



 


Hourly NARR SW bias correction developed from GOES data for eachHourly NARR SW bias correction developed from GOES data for each


 


monthmonth



 


Hourly observed precipitation based on daily PRISMHourly observed precipitation based on daily PRISM--corrected gauge data, and corrected gauge data, and 
hourly Stage II Doppler radar, CMORPH, and HPD datahourly Stage II Doppler radar, CMORPH, and HPD data





 


Elevation correction for temperature, pressure, humidity, and loElevation correction for temperature, pressure, humidity, and longwavengwave



 


Includes 21 standard sfc/2m/10m and lowest model layer forcing fIncludes 21 standard sfc/2m/10m and lowest model layer forcing fieldsields





 


Drought monitor will compute several drought indices from     Drought monitor will compute several drought indices from     
NLDAS LSM output, NARR land surface states, and forcingNLDAS LSM output, NARR land surface states, and forcing





 


Selection of indices is a Selection of indices is a key area for drought community inputkey area for drought community input


Drought Index Drought Type Required NARR/NLDAS Monitor Data Comparison Data
PDSI Meteorological Forcing NCDC PDSI
SPI Meteorological Forcing U. Nebraska SPI


PHDI Hydrological Forcing NCDC PHDI
TW D Hydrological Streamflow Output USGS Streamflow


Palmer Z Agricultural Forcing NCDC Palmer Z
VIC Agricultural LSM Soil Moisture Output U. W ashington


LDAS PDSI Meteorological LSM Output and Forcing NCDC PDSI
LDAS PHDI Hydrological LSM Output and Forcing NCDC PHDI


LDAS Palmer Z Agricultural LSM Output and Forcing NCDC Palmer Z
CLM3 VHI Agricultural CLM3 LAI/NDVI Output NOAA VHI
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Drought Index Drought Type Required NARR/NLDAS Monitor Data Comparison Data
PDSI Meteorological Forcing NCDC PDSI
SPI Meteorological Forcing U. Nebraska SPI


PHDI Hydrological Forcing NCDC PHDI
TW D Hydrological Streamflow Output USGS Streamflow


Palmer Z Agricultural Forcing NCDC Palmer Z
VIC Agricultural LSM Soil Moisture Output U. W ashington


LDAS PDSI Meteorological LSM Output and Forcing NCDC PDSI
LDAS PHDI Hydrological LSM Output and Forcing NCDC PHDI


LDAS Palmer Z Agricultural LSM Output and Forcing NCDC Palmer Z
CLM3 VHI Agricultural CLM3 LAI/NDVI Output NOAA VHI
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Self Calibrating (duration and climate characteristic parameters)







Project StatusProject Status



 


Ongoing collaborations with US Drought Monitor Ongoing collaborations with US Drought Monitor 
and NLDAS, links to NASA Water Management and NLDAS, links to NASA Water Management 
Program drought projectProgram drought project





 


RealReal--time drought monitor on NLDAS websitetime drought monitor on NLDAS website



 


Follows in footsteps of existing websites                Follows in footsteps of existing websites                
(U. Washington, Princeton, and CPC)(U. Washington, Princeton, and CPC)
--


 


http://http://www.hydro.washington.edu/forecast/monitor/index.shtmlwww.hydro.washington.edu/forecast/monitor/index.shtml
--


 


http://http://hydrology.princeton.eduhydrology.princeton.edu/forecast//forecast/
--


 


http://http://www.cpc.ncep.noaa.gov/soilmstwww.cpc.ncep.noaa.gov/soilmst//





 


Mosaic, Noah, SAC, and VIC runs performed, Mosaic, Noah, SAC, and VIC runs performed, 
highlighting several key issues for further highlighting several key issues for further 
investigationinvestigation



 


Climatology lengthClimatology length



 


Meteorological forcing dataMeteorological forcing data



 


Model selectionModel selection



http://www.hydro.washington.edu/forecast/monitor/index.shtml

http://www.hydro.washington.edu/forecast/monitor/index.shtml

http://hydrology.princeton.edu/forecast/

http://hydrology.princeton.edu/forecast/

http://hydrology.princeton.edu/forecast/

http://www.cpc.ncep.noaa.gov/soilmst/

http://www.cpc.ncep.noaa.gov/soilmst/

http://www.cpc.ncep.noaa.gov/soilmst/





D4 D3 D2 D1 D0


D4 D3 D2 D1 D0D4 D3 D2 D1 D0


Drought Monitor ComparisonDrought Monitor Comparison





 


Soil moisture percentiles from each LSM combined to form ensemblSoil moisture percentiles from each LSM combined to form ensemble mean percentile mape mean percentile map



 


Project will eventually use Mosaic, Noah, VIC, Sacramento, CLM3,Project will eventually use Mosaic, Noah, VIC, Sacramento, CLM3,


 


HySSiBHySSiB, and Catchment , and Catchment 
models with a variety of lineages (climate modeling, weather formodels with a variety of lineages (climate modeling, weather forecasting, hydrological) ecasting, hydrological) 





 


Ensembles often offer more accurate depictions of droughtEnsembles often offer more accurate depictions of drought



 


Even poor depictions are informativeEven poor depictions are informative----Large model spread indicates lack of confidenceLarge model spread indicates lack of confidence


Mini-Ensemble (Noah and Mosaic) Total Column Soil Moisture Percentile
July 1st, 2007, Based on 28 Year Climatology


Mini-Ensemble (Noah and Mosaic) Total Column Soil Moisture Percentile
July 1st, 2007, Based on 28 Year Climatology


Mosaic LSM Total Column Soil Moisture Percentile
July 1st, 2007, Based on 28 Year Climatology


Mosaic LSM Total Column Soil Moisture Percentile
July 1st, 2007, Based on 28 Year Climatology


Noah LSM Total Column Soil Moisture Percentile
July 1st, 2007, Based on 28 Year Climatology


Noah LSM Total Column Soil Moisture Percentile
July 1st, 2007, Based on 28 Year Climatology







Users (and Uses) of NLDAS forcing/model dataUsers (and Uses) of NLDAS forcing/model data
Forcing Data:Forcing Data:
University of MarylandUniversity of Maryland
Mississippi State UniversityMississippi State University
Harvard University (West Nile virus spread)Harvard University (West Nile virus spread)
University of Florida (Mosquito monitoring)University of Florida (Mosquito monitoring)
EPA BASINS (watershed and water quality)EPA BASINS (watershed and water quality)
South Florida Water Management DistrictSouth Florida Water Management District
Baron ServicesBaron Services
NLDAS Output:NLDAS Output:
National Drought Mitigation Center (NIDIS US Drought Monitor)National Drought Mitigation Center (NIDIS US Drought Monitor)
NOAA CPC (drought monitor)NOAA CPC (drought monitor)
NASA JPL (remote sensing comparison)NASA JPL (remote sensing comparison)
University of Oklahoma (work with OK Mesonet)University of Oklahoma (work with OK Mesonet)
University of PittsburghUniversity of Pittsburgh
Florida State UniversityFlorida State University
State University of New YorkState University of New York
Renaissance Computing InstituteRenaissance Computing Institute







NLDAS drought websitesNLDAS drought websites



 
LDAS at NASA:LDAS at NASA:
http://http://ldas.gsfc.nasa.govldas.gsfc.nasa.gov//





 
NLDAS Drought Monitor at NASA:NLDAS Drought Monitor at NASA:
http://http://ldas.gsfc.nasa.govldas.gsfc.nasa.gov/drought//drought/





 
NLDAS at NOAA/NCEP/EMC:NLDAS at NOAA/NCEP/EMC:
http://http://www.emc.ncep.noaa.gov/mmb/nldaswww.emc.ncep.noaa.gov/mmb/nldas//


Contact:


David.Mocko@nasa.gov







Additional Material Follows 


NLDAS data accessNLDAS data access



 
Hydrology DISC (HDISC)Hydrology DISC (HDISC)


http://http://disc.gsfc.nasa.govdisc.gsfc.nasa.gov/hydrology//hydrology/



 
GrADSGrADS


 
Data Server (GDS) Data Server (GDS) 


http://hydro1.sci.gsfc.nasa.gov/dods/http://hydro1.sci.gsfc.nasa.gov/dods/



 
Search and Navigation Through Search and Navigation Through MiradorMirador


http://http://mirador.gsfc.nasa.govmirador.gsfc.nasa.gov//
NLDAS-2 data currently available:


Jan 1979 to present (~2-4 days lag)
Forcing and Mosaic LSM output


Noah, SAC, and VIC LSM output soon







ConclusionsConclusions



 


NLDAS LSMNLDAS LSM--based drought project underway          based drought project underway          
at NASA GSFC in collaboration with at NASA GSFC in collaboration with 
NOAA/NCEP/EMC, NOAA/NCEP/CPC,         NOAA/NCEP/EMC, NOAA/NCEP/CPC,         
and Princeton Universityand Princeton University





 


Project seeks to leverage ensemble, high quality, multiProject seeks to leverage ensemble, high quality, multi--
 layer, spatially continuous soil moisture simulations in layer, spatially continuous soil moisture simulations in 


NLDAS framework to form a robust realNLDAS framework to form a robust real--time time 
drought monitordrought monitor





 


Goals are to investigate climatology, forcing data, Goals are to investigate climatology, forcing data, 
model, and ensemblemodel, and ensemble--related issues as well as offer an related issues as well as offer an 
effective suite of objective drought indices to drought effective suite of objective drought indices to drought 
assessment organizations such as NIDIS and the U.S. assessment organizations such as NIDIS and the U.S. 
Drought MonitorDrought Monitor





 


End user input will be key to the success of this End user input will be key to the success of this 
project, and all input is welcomeproject, and all input is welcome
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Ecological 
Forecasting


Agricultural
Efficiency


Air Quality


Invasive Species


Aviation


Energy 
Management


Carbon
Management


Water
ManagementHomeland 


Security


Disaster 
Management


Coastal 
Management


Public Health
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NASA 
Applied Sciences


Program


NASA 
Applied Sciences


Program


Results of
NASA Earth


Science Research


Uses by Partners
and Stakeholder


Communities


NASA Applied Sciences Program 
A Pathway Between Earth Science & Society







Value and
Benefits to citizens 


and society
Partnership 


Area


Predictions/ 
Forecasts


High-Performance 
Computing, 
Communication, 
and Visualization


Standards and 
Interoperability


Decision Support 
Systems


Assessments


Scenario Tools


Policy 
Decisions


Management 
Decisions


ImpactsOutcomesOutputsInputs


Data


Earth System Models
Land, Atmosphere, 


Oceans, Cryosphere, 
Coupled Models


Model Products,    
Data Assimilation, 


Predictive Capabilities


NASA and Research Partners Partners with Decision Support Systems


Applied Sciences Program Approach to Integrated System Solutions


Observations


Analysis to support 
decision-making 


processes & actions


Earth Observatories 
& Measurements


Satellite, Airborne, 
Ground, In-situ


Missions, Sensors, 
Data Products


NASA Applied Sciences Program 
Integrated Solutions & Decision Support







• Earth Science Application Partnerships
– Create  integrated, multidisciplinary approaches to real-world resource management problems 


• Earth Science Applications Teams   
– Ensure that all available NASA Earth science resources are utilized for each application area


• Applications Feasibility Studies   
– Investigate ideas for innovative applications


• Mission Applications Support        
– Integrate applications needs into mission planning


• Joint Solicitations with Research Organizations   
– Create new knowledge needed for applications (Joint R&A solicitations)


• Joint Solicitations with End User Organizations    
– Accelerate transition of applications to societal benefit


• Decisions Solicitations (Standard ROSES)
– Develop and demonstrate mature science relevant and connected to critical applications


Applied Science Program 
Directives (preview of new ASP Plan)







Applied Sciences Program 
Solicitation Schedule and Funding Prospects


ROSES 2008 (Awards 08/09) Runs FY10-FY13


GOMA II  (Awards 12/09) Runs FY10-FY13


ROSES 2010 (Awards 08/10) Runs FY11-FY13


*Funding in FY10 severely constrained.  FY11 
funding projected to be level with past years







• Focus primarily on “national applications” program function
• Working to serve and advance the 9 USGEO SBAs
• Managing through seven program elements


•Combinations of some current applications into new elements
•Additional focus on Climate issues within each(including Carbon)
•Big emphasis on budget tracking and costing analyses


• Stronger emphasis on communications
• Decadal Survey, Decadal Survey, Decadal Survey


•Most effort and resources focused on missions
•Applications emphasis recognized but not materialized in a 
new operational plan or with resources


Applied Sciences Program 
Where we are today







Applied Sciences Program


Section II. 


Water Resources Program







Programmatic Themes
1)Streamflow & Floods


2) Drought Monitoring & 
Prediction


3) Irrigation and Water 
Delivery 


4) Water Quality


5) Climate Change and Water 
Resources 


Goal
Enable and expand the 
sustained use of NASA 
Earth science 
observations and 
models in the water 
resources community 
to enhance policy, 
business, and 
management decisions 
for societal benefits 


Goal
Enable and expand the 
sustained use of NASA 
Earth science 
observations and 
models in the water 
resources community 
to enhance policy, 
business, and 
management decisions 
for societal benefits


Water Resources Program
Goal and Programmatic Themes







NASA Agriculture/Water Applied 
Science Vision


Mission Applications SupportMission Applications Support


Agriculture Applied 
Science Portfolio


Water Applied Science 
Portfolio 


Water Applied Science 
Portfolio







•Domestic:
•Gov’t 
Agencies
•Private 
Sector


•International:
•DoS-USAID
•DoD
•USDA-FAS
•Gates 
Foundation
•GEO partners


Mission Applications Support: SMAP, Hyspri, LDCM….Mission Applications Support: SMAP, Hyspri, LDCM….


•End Users:
•Seek Hard Targets 
(Statutory Authorities) 
•Support U.S. foreign 
policy and foreign policy 
priorities 
•Seek sustainable 
solutions 


•End Users:
•Seek Hard Targets 
(Statutory Authorities)
•Support U.S. foreign 
policy and foreign policy 
priorities
•Seek sustainable 
solutions


NASA Water Resources 
Applied Science Vision


MODELS







Water Resources
User Community (Circa  2007 but still relevant today)


Competing interests:  Energy production (consumptive and not), hydropower, irrigated 
agriculture, public consumption, recreation, endangered species, and ecosystems. 


National legislation assigns water quality responsibilities to States
- Lack of national standard 
- Watersheds don’t follow political boundaries 


Federal agencies very used to working regionally 
- Organized regionally (rather than nationally) for approaches/solutions
- Few topics/activities go beyond regions (e.g., FEWS, NIDIS, USDM)
- Difficult in transferring solutions across regions (drought is one area)
- Local managers desire more local scale efforts (drought, floods, snow melt-off, etc.)


Uncertainty how to interpret climate change projections at regional level
- with recent IPCC, increasing demand for regionalization; interpret to regional scales
- climate forecasts don’t agree on precipitation; difficult to capture local extreme events
- difficulty accounting for land-use shifting and population 


CENR Subcommittee on Water Availability and Quality Report
- Chapter 2: Science Informs Water Policy and Management Decisions 







Issue:  Regional focus of Federal agencies
- Federal agencies steered by their local constituents and legacy decision making 
systems
- Harder at times for NASA models to run at local/regional scales than at national scales
- Federal agencies may see NASA interest as solution looking for problem, so look for 
early success and sustainable solutions


Issue:  May be more opportunities internationally 
- Internationally, groups often more willing, interested to seek solutions
- Water is a major concern on international fronts
- More need for coordination with US foreign policy agencies and more difficult to identify 
value to senior US government officials


Issue: Focus on Decadal Missions (SMAP, GPM, GRACE, LDCM,  HYSPRI…)
- SMAP applications workshop last week.


Water Resources 
Issues and Challenges







Focus on sustainable applications


Organized, mature (that’s good and bad), and active community


Strong proposals and proposal teams


Focusing on user commitment and/or funding pathway early 
in the projects


Interagency/community partnerships continue to strengthen 
and, at times, becoming more chaotic


High level attention 


Water Resources Program 
State of the Program


Remarkable progress warrants enthusiasm,


yet fragile programmatic surroundings 
(L. Friedl, 2007)







Applied Sciences Program 
Strategic Functions


The Program seems to serve three primary, 
strategic functions for ESD & NASA:


Science advances and Technology transfer
Applications projects can further scientific techniques 
(e.g., data assimilation, data fusion);  interoperability 
standards drive technology; projects reduce perceived 
risk of its use and support transfer to private sector


Societal Benefits
The Program serves the nation and society by helping 
partners improve their decision making – natural 
resource management, public safety and health,   
disaster warnings, etc. 


Outreach, Partnerships, and Marketing 
Projects facilitating partners’ sustained use of Earth 
science products helps induce demand for Earth science 
data and research. Applications of the products to policy 
and management issues shows the relevance of Earth 
science to key stakeholders.


Outreach & Partnering 
(NASA, ESD, Earth Science)


Societal 
Benefits


Science and 
Technology Transfer


Outreach 
(Partnering & Marketing)







Water Resources Program 
Communications


What methods and venues to 
communicate opportunities for 
use of Earth science research? 


- Web Presence
- Visualizations
- Science and Trade media
- Analyses of socio-economic benefits 


from projects







Water Resources Program 
Vision & Aspirations for FY10 and Beyond


Water Inventories (need to establish or re-establish baselines)
- Systematic monitoring capabilities


Climate Change and Water Resources
- Modeling
- Simulations


Water and Agriculture Nexus
- Large collabatory


International/Global Water Resources
- Leverage, support, and comply with U.S. Government foreign policy
- Possible joint NASA-GMES Solicitation on Water Issues; coordinate solicitation and 
review on proposals that integrate US/European observations 


Discovery (Feasibility)
- Water data management







Water Resources Program
PM’s Thoughts


…despite the “challenges,” both internal and external, 
water resource applications using space technologies is a 
grand and vital mission with a great and under-appreciated 
community.  Success in completing this mission, despite 
these “challenges,” is our goal and the only way for us to 
meet this goal is for you to be a success.
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SMAP Mission Concept
• L-band unfocused SAR and radiometer system with offset- 


fed 6-m light-weight deployable mesh reflector rotating 
about nadir axis (14.6 rpm)





 


Single feed (dual-pol radar and polarimetric radiometer)





 


Conical scan, fixed incidence angle across swath





 


Contiguous 1000 km swath





 


Radar resolution:  1-3 km (degrades over center 30%)





 


Radiometer resolution:  40 km


• Sun-synchronous dawn/dusk orbit


• Mission Ops duration 3 years 







The USDA Foreign Agricultural Service (FAS) 
International Production Assessment Division (IPAD):


•Monthly global production estimates for commodity crops.


•Vital for economic competitiveness, national security and food security 
applications.


•Utilizes a wide-range of satellite data sources, input databases, 
climate data, crop models, and data extraction routines to arrive at yield 
and area estimates.


•Analyst-based decision support system.


•Characterizing the extent and impact of agricultural drought (i.e. root- 
zone soil moisture limitations) is critical for monitoring variations in 
agricultural productivity.







Crop Stress (Alarm) Models


Crop Models


2-Layer Soil Moisture Model Analysts


Global Rain and Met 
Forcing Data


Past USDA FAS/IPAD Treatment of Soil Moisture


Time/space attributes:


- 12-km resolution.


- Global coverage within agriculturally relevant areas.


- Monthly reporting cycle (< weekly latency).







Crop Stress (Alarm) Models


Crop Models


2-Layer Soil Moisture Model Analysts


Global Rain and Met 
Forcing Data


Remotely-Sensed Soil Moisture


Data Assimilation


Current USDA IPAD Treatment  of Soil Moisture


Funded by the NASA Applied Sciences Program (joint with NASA HSB, NESDIS STAR, 
USDA ARS, and USDA FAS,  W.T. Crow PI, Brad Doorn, program manager)







Crop Stress (Alarm) Models


Crop Models


2-Layer Soil Moisture Model Analysts


Global Rain and Met 
Forcing Data


Remotely-Sensed Soil Moisture


Data Assimilation


What is the added value of integrating remotely- 
sensed soil moisture information?







Data Denial Methodology







Can the poor-precipitation open loop case be corrected to resemble 
the good-precipitation benchmark case through the assimilation of 
remotely-sensed soil moisture (EnKF case)? 







Improvement in root-zone RMSE Fit to Benchmark


Bolten et al., “Evaluating the Utility of Remotely-Sensed Soil Moisture Retrievals for Operational 
Agricultural Drought Monitoring”,IEEE J-STARS, in press, 2009.







Summary:


• Demonstration of a data denial framework for assessing 
“added value” questions with regards to integratino of 
remotely-sensed data products. 


• X-band AMSRE soil moisture retrievals can add value to 
global-scale root-zone soil moisture monitoring activities.  
Value will only be enhanced my improved L-band SMAP 
retrievals.


• Down the line impact on yield/productivity by analysts 
forecasts?
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Overview of Talk


• Water Cycle in the Climate System
• NASA’s Water Cycle-Related Activities
• Results from NASA Program


−
 


Research
−


 
Applications and Partner Utilization


• Future Evolution of NASA Program


Thanks to many who have provided input (used or unused!) 







The global water cycle is resolved at only coarse resolutions, hampering climate models’


 


ability to recreate hydrologic means 
and extremes that are relevant to local scales.  Uncertainties in basic hydrological processes and in the strength of feedback 
processes, such as clouds and cloud processes, coupling of sea-ice-land, air-sea, and land surface effects result in large 
ranges in predictions of impacts to the overall climate system.


Water Cycle Study requires:


Land-atmosphere and ocean-atmosphere 
interactions partitioning of water and energy


Hydrologic states and fluxes:  clouds, soil 
moisture, snow, precipitation, evaporation, etc. 


Understanding the water cycle is important 
for:


Water storage: Drinking Water, Water for 
Commerce and Energy


Linking Human Activity to Climate Change


NASA has a unique capability to provide global observations of 
the various components of the water cycle, and then use them to 
enhance global models and improve predictive capability


Water and Energy Cycle







4


NASA Satellites 
Contributing 


Most to Water 
Cycle Studies







NASA Water-Cycle Observations


Category Parameter Mission/Instrument
Reservoir


 


Atmos. H2


 


O Vapor


 


Aqua/AIRS, Aura/MLS, …
Clouds              CloudSat, CALIPSO, MLS,


Terra,Aqua/MODIS, …
Sea Level


 


Jason, OSTM
Snow Cover


 


Terra,Aqua/MODI
Ice Mass


 


GRACE
Surface Water


 


Jason, OSTM
Ground Water


 


GRACE
Soil Moisture


 


TRMM/AMSR-E
Fluxes


 


Precipitation


 


TRMM
Evaporation (or E-P)      Modeled
River Flow/Run-Off        Modeled


Mechanisms


 


Melting Snow


 


QuikScat


5
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Ten-year TRMM Composite Climatology (TCC) from Multiple 
Products


Ocean-- Mean of:
1) Passive microwave (2A12)


2) Radar (2A25-Near Sfc.)
3) Combined (2B31)


Land-- Mean of:
1) Radar (2A25)


2) Combined (2B31)
3) Multi-satellite with gauges 


(3B43)


Mean Tropical Rain from TRMM  (25N-25S):
TRMM GPCP


3.01 mm/d +/- 3.0%() 3.14 mm/d
2.99 (ocean)  +/- 2.9% () 3.10
3.05 (land)    +/- 5.5% () 3.24


mm/day


Adler et al. 2008 (JMSJ)



Presenter

Presentation Notes

“How much is it raining in the Tropics?” has been one of the basic science questions from the beginning of TRMM.  The TRMM Composite Climatology (TCC) number is 3.01 mm/d for 25N-25S (deep tropics, land + ocean).  The estimated error is +/- 3%, a very significant advance from pre-TRMM knowledge (this estimated error may be a lower bound on the error due the non-independence of some of the products).  In this latitude band the TRMM estimates roughly confirm GPCP estimates (see values in second column).  The means and estimated errors are ideal for GCM and climate modelers to compare with TRMM data to see if they are within the bounds of the error estimates.







Snowmelt maps derived from global QuikSCAT backscatter 
data for 4/11/2001 and 4/18/2001. White is  frozen snow, red is 
currently melting snow, light blue is re-frozen snow after 
previously melting conditions, light brown is completed 
snowmelt (snow-free of bare ground), and dark brown is 
undetectable snow.







Hydrospheric and Biospheric Sciences Laboratory


Figure 1: Average July seasonal snow cover and 
snow mass for South America as derived from SMMR


and SSM/I data for the years 1979-2006


Figure 2: Snow cover and snow mass derived from 
passive microwave satellite observations (July 2004-2006)


Mapping Snow Cover Extent
and Snow Mass in South America


Snow cover and snow water equivalent (snow mass)
have a significant impact on both water resources and
weather and climate.


It has been demonstrated that passive microwave
radiometry is especially useful in estimating the snow 
cover extent and snow mass in the Patagonia and Andes 
regions of South America, where clouds are a major 
mapping problem and where the snow is often 
ephemeral in nature. 


The passive microwave 
observations show that there are 
sharp year-to-year differences in 
both snow cover extent and snow 
mass in Patagonia and the Andes 
regions.







Continent Qs 
(m3/yr) 


Area 
(m2) 


Flux 
(kg m2 yr-1) 


Antarctic 0.00E+00 1.23E+13 0.00E+00 


South America 1.18E+13 1.77E+13 6.69E+02 


North America 4.75E+12 2.41E+13 1.97E+02 


Africa 3.50E+12 2.98E+13 1.18E+02 


Europe 1.06E+13 5.32E+13 1.99E+02 


Australia/Oceana 8.89E+11 8.85E+12 1.00E+02 


 


Global River Discharge Estimates 
NEWS Water Cycle Climatology


Modified from Trenberth and Dai, 2002



Presenter

Presentation Notes

Estimates of global river discharge (table below, modified from Trenberth and Dai, 2002).  First column of numbers are the flow rates (Volume/year) and 3rd column is the flux rate (I.e. Flow/Area).

Used as part of the NEWS Energy and Water Cycle Climatology (NEWCC) effort in conjunction with other NASA satellite-based data (I.e. MERRA and GLDAS)

At present, there is some discrepancy among values in table above with what is given by GLDAS and MERRA (as well as estimates from the Global Runoff Data Centre, GRDC). In short, GLDAS and MERRA are about twice as high as the values in the table (and GRDC).  We speculate that effects of water management could be at play here - but are confirming with colleagues in Australia.









GRACE Reveals Massive Depletion of Groundwater in NW IndiaGRACE Reveals Massive Depletion of Groundwater in NW India


The water table is declining at an average rate of 33 cm/yr


During the study period, 2002‐08, 109 km3


 


of groundwater was lost from the 


 states of Rajasthan, Punjab, and Haryana; triple the capacity of


 


Lake Mead


GRACE is unique among Earth observing missions in its ability to 
monitor variations in all water stored on land, down to the deepest 


aquifers.


Trends in groundwater storage during 
2002-08, with increases in blue and 


decreases in red.  The study region is 
outlined.


Time series of total water from GRACE, simulated soil 
water, and estimated groundwater, as equivalent layers 
of water (cm) averaged over the region.  The mean rate 
of groundwater depletion is 4 cm/yr.  Inset: Seasonal 


cycle.


Rodell, Velicogna, 
and Famiglietti, 


Nature, 2009


Matthew.Rodell@nasa.govMatthew.Rodell@nasa.gov







Water cycle and drought monitoring over Africa with 
NASA data (E. Wood and J Sheffield, Princeton University)


Goal:  To develop an integrated Drought 
Monitoring and Prediction System 


(DMAPS) that utilizes NASA-supported 
science and satellite data products that 


are central to GEWEX and to HAP’s


 
goal of providing GEWEX data and 
science products to water resources 


managers and related users.
Collaborators:  UNESCO’s International 


Hydrology Programme (IHP).  
Contribution to GEO 


NASA Data:  Use of GSFC TRMM Multi-


 
Satellite Precipitation Analysis (TMPA), 


AIRS (Surface air temperature, 
humidity), CERES radiation and MODIS 


vegetation).
Modeling: Uses Princeton/UW VIC LSM 


(partial funding through NASA THP). 
Product: Developed “Africa Drought Monitoring” (ADM) system, which runs in real-time 


at Princeton University.







Assimilation of AMSR-E Soil Moisture into the USDA-FAS
Global Crop Production Decision Support System


Contribution: provide global soil moisture observations at higher accuracy, finer spatial resolution, and 
over broader geographic domains than existing USDA-FAS product, improved ROOT ZONE ANOMALY 


observations 


Benefits: more accurate crop monitoring and drought prediction, greater agricultural economic security, 
improved food shortage warnings, increased agricultural efficiency, policy and resource management 


decision support


USDA-FAS Soil Moisture


Improved Soil Moisture Product


Root-Zone Anomaly Product


A)


B)


C)


P.I. – Wade Crow USDA-ARS-HRSL
Co. I. – John D. Bolten NASA GSFC 614.3
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Presentation Notes

The U.S. Department of Agriculture (USDA) Foreign Agricultural Service (FAS) provides information about important crops around the world. These crop yield forecasts allow crucial assessment of U.S. and global agriculture, trade policy, and food aid. As result, these forecasts affect decisions made by farmers, businesses, and governments by defining the fundamental conditions in commodity markets. 
However, the accuracy of global crop estimates provided by the FAS are dependent on the coverage, accuracy and consistency of the data sources used - particularly soil moisture, which is a fundamental variable for the crop calendar (growth stage) and crop stress (alarm) models.  In the past, soil moisture estimates used by FAS for crop growth have been derived solely from a soil moisture model driven by spatially and temporally interpolated estimates of precipitation and temperature observations. Thus, the lack of direct observations of soil moisture has led to areas of crop forecast uncertainty in data poor regions. 
To add to this effort, NASA has teamed with the USDA-FAS to develop a global soil moisture product fashioned for FAS by integrating soil moisture observations from the EOS Advanced Microwave Scanning Radiometer (AMSR-E) instrument into the USDA FAS soil moisture model. This is envisaged to provide soil moisture observations at greater temporal coverage and over larger spatial domains than the currently applied ground-based networks and error-prone precipitation data.  To this end, the integration of the AMSR-E soil moisture product into the USDA FAS soil moisture model is expected to provide a better characterization of surface wetness conditions at the regional scale and enable more accurate monitoring of boundary condition changes in key agricultural areas. 

It is apparent when comparing A) and B) that the assimilation of AMSR-E soil moisture via the EnKF (Figure A) adds spatial heterogeneity to the open loop case (Figure B).  This increased heterogeneity allows the EnKF case to better approximate soil moisture patterns in the benchmark case (Figure A) by adding soil moisture in areas (e.g. the south-central and northeastern CONUS) where the TRMM 3B40RT product underestimates antecedent precipitation magnitudes.  This demonstrates that the AMSR-E soil moisture retrievals are able to effectively compensate modeled soil moisture for the impact of poorly observed rainfall patterns.   It is worth noting that over many important – but data poor - agricultural regions of the world, such compensation is critically important due to the lack of ground-based rainfall observations to correct TRMM 3B40RT rainfall estimates. 

Figure C illustrates the Root-Zone anomaly product produced for the USDA-FAS using assimilated AMSR-E soil moisture values. 

Contributions: provide global soil moisture observations at higher accuracy, finer spatial resolution, and over broader geographic domains than existing USDA-FAS product 
Societal Benefits: more accurate crop monitoring, greater agricultural economic security, improved food shortage warnings, increased agricultural efficiency, policy and resource management decision support 
Status: Operationally delivered to the USDA-FAS in near real-time 
The AMSR-E /USDA-FAS soil moisture product is being developed in collaboration with scientists at the National Oceanic and Atmospheric Administration’s (NOAA) National Environmental Satellite, Data, and Information Service (NESDIS), USDA Agricultural Research Service (ARS), USDA-FAS, and NASA-GSF.
Dr. John Bolten with the Hydrological Sciences Branch is the lead research scientist at NASA for this project. 







Satellite-based Evapotranspiration Monitoring for Water Management


Upper Klamath Basin


Yakima Basin
Evapotranspiration monitoring based on MODIS data 


and NOAA/NESDIS surface radiation budget (SRB) 
products derived from GOES satellites in the Yakima 
Basin, WA (left) and Upper Klamath Basin, OR (right).


For more information http://www.hydro.washington.edu/forecast/rset_wa/







http://trmm.gsfc.nasa.gov Click on Global Floods and 
Landslides


400 unaccounted for in Taiwan mudslide
PETER ENAV


The Associated Press
Monday, August 10, 2009; 3:32 PM 


TAIPEI, Taiwan -- A mudslide touched off by a deadly 
typhoon buried a remote mountain village, leaving at 


least 400 people unaccounted for Monday, and 
military rescue helicopters unable to land because of 


the slippery ground dropped food to desperate 
survivors. 


Landslides and Flooding in Taiwan and Japan
Real-time Global Monitoring Using Satellite Data (including TRMM Rainfall 


Estimations) and Hydrological Models and Landslide Algorithms


Areas of high landslide potential (red areas 
inside circles) identified using TRMM rainfall 


and other satellite information


Areas of flooding identified 
using TRMM rainfall, other 


satellite information and global 
hydrological model


Research supported by NASA’s Applied Science and 
Precipitation Measurement Missions (PMM) 


Programs


R. Adler--U. of Maryland--College Park and NASA 
GSFC


Pierce, Policelli, Hong, Yilmaz, Kirschbaum, Huffman



http://trmm.gsfc.nasa.gov
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Missions in Formulation 
and Implementation


GLORY NPPAQUARIUS


LDCM GPM SMAP ICESat-II







GPM CORE Observatory (65o)
DPR (Ku-Ka band)
GMI (10-183 GHz) 


(NASA-JAXA, LRD 2013)


• Precipitation physics 
observatory


• Reference standard for 
inter-calibration of 


constellation precipitation 
measurements


• Enhanced temporal    
sampling for near-
realtime monitoring of 
hurricanes and midlatitude
storms


• Improved estimation of 
rainfall accumulation


An international satellite mission to unify and advance global precipitation 
measurements from dedicated and operational satellites


GPM Reference Concept


NASA & JAXA data processing systems
Next-generation global precipitation products with improved accuracy and 


consistency within a unified framework
International cooperation in ground validation


Pre-launch algorithm development and post-launch product evaluation


Partner Satellites:
GCOM-W1, DMSP, Megha-Tropiques, plus MetOp, NOAA-N’, NPP, NPOESS 
(over land)


GPM Low-Inclination Observatory (40o)
GMI (10-183 GHz) 
(NASA & Partner, LRD 2014)







Baseline Constellation Performance


Hour


Prime Life Extended Life


Current Capability:
< 3h over 45% of globe


GPM (2015): < 3h over 91% of globe


GPM constellation sampling and coverage


GPM Core Launch


Over 
Land


In addition to the GPM Core, 
NASA and JAXA will each 
provide a MW radiometer or 
radiometer data to the GPM 
constellation.
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Aquarius: ocean surface salinity 


Aquarius produces a global synoptic map of sea surface salinity (a 
map oceanographers cannot construct with the past 125 years data) 


http://aquarius.nasa.gov/



Presenter

Presentation Notes

The Aquarius science goals are to observe and model the processes that relate salinity variations to climatic changes in the global cycling of water and to understand how these variations influence the general ocean circulation. By measuring salinity globally and synoptically every month for 3 years, Aquarius will provide an unprecedented new view of the ocean's role in climate. The Aquarius investigation will address these processes on the seasonal cycle as a basis for understanding interannual climate variations.







Decadal Survey Missions Next Generation
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NRC Decadal Survey Recommended 
Missions


National Research Council decadal survey (released 1/07) recommended a 
list of 15 missions for NASA to launch in 2010-2020 time frame
Missions were broken into 3 categories -


 


near-term (2010-2013), mid-term 
(2013-2016), and long-term (2016-2020)
Two missions were set up for initiation in FY09 budget –


 


SMAP for soil 
moisture and ICESat II for ice sheet thickness (primary goal)
Remaining “Tier 1”


 


missions are CLARREO (climate reference) and 
DESDynI (earth surface motion and vegetation)
Tier 2 and Tier 3 missions cover a broad range of subjects


Decada 
l 
Survey 
Mission Mission Description Orbit Instruments


HyspIRI Land surface composition for 
agriculture and mineral 
characterization; vegetation 
types for ecosystem health


LEO, 
SSO


Hyperspectral 
spectrometer


ASCEND 
S


Day/night, all-latitude, all- 
season CO2 column integrals for 
climate emissions


LEO, 
SSO


Multifrequency laser


SWOT Ocean, lake, and river water 
levels for ocean and inland 
water dynamics


LEO, 
SSO


Ka-band wide swath 
radar
C-band radar


GEO- 
CAPE


Atmospheric gas columns for air 
quality forecasts; ocean color 
for coastal ecosystem health 
and climate emissions


GEO High and low spatial 
resolution 
hyperspectral 
imagers


ACE Aerosol and cloud profiles for 
climate and water cycle; ocean 
color for open ocean 
biogeochemistry


LEO, 
SSO


Backscatter lidar
Multiangle 
polarimeter
Doppler radar


Decada 
l 
Survey 
Mission


Mission Description Orbit Instruments


LIST Land surface topography for 
landslide hazards and water 
runoff


LEO, SSO Laser altimeter


PATH High frequency, all-weather 
temperature and humidity 
soundings for weather 
forecasting and SST*


GEO MW array 
spectrometer


GRACE- 
II


High temporal resolution gravity 
fields for tracking large-scale 
water movement


LEO, SSO Microwave or laser 
ranging system


SCLP Snow accumulation for fresh 
water availability


LEO, SSO Ku and X-band 
radars
K and Ka-band 
radiometers


GACM Ozone and related gases for 
intercontinental air quality and 
stratospheric ozone layer 
prediction


LEO, SSO UV spectrometer
IR spectrometer
Microwave limb 
sounder


3D- 
Winds
(Demo)


Tropospheric winds for weather 
forecasting and pollution 
transport


LEO, SSO Doppler lidar
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SMAP Mission Science Objectives


Primary Controls on 
Land Evaporation and 
Biosphere Primary 
Productivity


Freeze/
Thaw


Radiation


Soil 
Moisture





 


SMAP science objectives are to provide global mapping of soil moisture 
and freeze/thaw state (hydrosphere state) enabling science and 
applications users to:





 


Understand processes that link the terrestrial water, energy & carbon cycles



 


Estimate global water and energy fluxes at the land surface



 


Quantify net carbon flux in boreal landscapes



 


Enhance weather and climate forecast skill



 


Develop improved flood prediction and drought monitoring capability
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Four NRC Decadal Survey panels cited critical 
SMAP applications:


•


 


Water Resources and Hydrological Cycle 
Panel


–


 


Floods and Drought Forecasts
–


 


Available Water Resources Assessment
–


 


Linking  Terrestrial Water, Energy & Carbon 
Cycles


•


 


Climate and Weather Panels
–


 


Longer-Term, More Reliable Atmospheric 
Forecasts


•


 


Human Health and Security Panel
–


 


Heat Stress and Drought
–


 


Vector-Borne and Water-Borne Infectious Disease


•


 


Land-Use, Ecosystems, and Biodiversity 
Panel


–


 


Ecosystem Response (Variability and Change)
–


 


Agricultural and Ecosystem Productivity
–


 


Wild-Fires
–


 


Mineral Dust Production


SMAP Science Imperative 
- From NRC Decadal Survey


SMAP is critical for improving climate and 
weather prediction, net carbon flux estimates, 
and natural hazards prediction and monitoring







1.


 


The Problem: Altimeters miss 
considerable ocean area.


2. The Question: What are the energy 
dissipation, ocean circulation, and climate 
implications from oceanic eddies which 
contain 90% of the kinetic energy, but are 
~10 km scale in cross-stream direction, 
e.g. Gulf Stream, Kuroshio.


3. Measurements Required:  Maps of h, which give 
maps of dh/dt and dh/dx allowing derivation of velocity, 
vorticity, and stress tensor.


4. The Solution  KaRIN: 
Ka-band Radar 
Interferometer.  SRTM, 
WSOA heritage.  Maps 
of h globally and 
~weekly.


Jason


T/P


100 km


Model based velocityModel based velocity


http://swot.jpl.nasa.gov/
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“PATH” Decadal-Survey 
mission
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NASA’s & Partners’ ground, sea, air and in-situ 
measurements augment space-based 


observations to validate science results and provide 
complimentary measurements


Research Balloons


Ground Stations


Space-based: 
Sensors & Data Relay


Ground 
Networks


Uninhabited Aerial 
VehiclesAirborne Sensors Field Campaigns


Research 
Balloons


Research Vessels
Ground Stations


Buoys


End-to-end Support in a Globally 
Integrated Program







GRIP: (Hurricane) Genesis and Rapid 
Intensification Processes Field Experiment 


Global Hawk (UAV) (240 hours)



 


Radar, Microwave Radiometers, 
Dropsondes, Electric Field





 


Geosynchronous Orbit Simulation


DC-8 four engine jet (120 hours)



 


Dual frequency precipitation 
radar, Microwave radiometer





 


Dropsondes, Variety of 
microphysics probes





 


Lidars for 3-D Winds and for 
high vertical resolution 
measurements of aerosols and 
water vapor





 


In-situ measurements of 
temperature, moisture and 
aerosols


Six to Eight week deployment 
centered on September 1, 2010


Blue line: DC-8 range for 12-h flight, 6 h on station


Red lines: GH range for 30-h flight with 15 and 22.5 
h on station


Light blue X: Genesis locations for 1940-2006







International GPM Science 
Collaboration - Ground Validation


(Pre-launch algorithm development and post-launch product 
evaluation)


•


 


Direct statistical validation (surface)
•


 


Precipitation physics validation (vertical 
column)


•


 


Integrated science validation (4-dimensional)
Active Projects


• Argentina (U. Buenos Aires)
• Australia (BOM)
• Brazil (INPE)
• Canada (EC)
• European States (ECMWF)
• Finland (FMI)
• France (CNRS)
• Germany (U. Bonn)
• Greece (HC)
• Israel (Hebrew U. Jerusalem)
• Italy (CNR-ISAC)
• Italy (Sapienza U. Rome)
• Spain (UCLM)
• United Kingdom (U. Birmingham)


Proposals in Development   
• Cyprus (CMS)
• Ethiopia (AAU)
• Germany (U. Hamburg)
• South Korea (KMA)
• Spain (U. Barcelona)
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Conclusions


•
 


NASA has demonstrated value of space-based perspective to learn 
about global water cycle 
•


 


Fluxes, Reservoirs, and Mechanisms have all been examined with 
satellite data (together with models and assimilation systems)
•


 


Field campaigns and surface networks have added to knowledge and 
contributed rigor to satellite algorithms under a broad range of


 conditions and will continue to do so
•Future satellites will continue to advance our nation’s capability to 
study global water cycle
•


 


NASA’s active engagement in interagency and international programs 
emphasizes transition of knowledge and techniques to operational


 forecasting and observing systems
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SMAP Data Will Improve Numerical Weather Prediction (NWP) Over the 
Continents by Accurately Initializing Land Surface States


Observed Rainfall
0000Z to 0400Z 13/7/96


Without Realistic Soil Moisture


With Realistic Soil Moisture24-Hours Ahead 
Atmospheric Model 
Forecasts


Buffalo 
Creek, 
CO


Future NCEP 10 km
NWP Domains


SMAP Will Provide 10 km 
Soil Moisture Data Product 
Meet Operational User Needs


Major 
operational 
weather centers 
linked to 
SMAP:


ECMWF


Environment
Canada


NOAA
ClimateAir Force 


Weather


NOAA
Weather


SMAP Data Have High Value Across 
Agencies


A-30







NASA’s Multifaceted Water Cycle 
Invetigation Approach


NASA’s approach to investigating the global water (and 
energy) cycle makes use of several coordinated 
approaches
• Satellite observations
• Surface-based networks
• Airborne field campaigns
• Modeling and data assimilation


Coordination emphasizes calibration/validation of satellite 
algorithms, data integration/assimilation, and quantitative 
model evaluation
NASA works with partner agencies in implementing this 
program, especially for making link to issues of water 
availability and quality, as well as water associated with 
severe weather events
NASA develops technology that enables improved future 
capability for US 31







Remote Sensing of the Water CycleRemote Sensing of the Water Cycle


Aqua: 
MODIS, 


AMSR-E, 
etc.


GRACE


GRACE measures tiny 
changes in Earth’s 


gravity field (left)


These precise 
gravity 


measurements are 
used to infer the 


total wetness of the 
land surface, 


including changes in 
groundwater levels 


Traditional 
radiation-based 
remote sensing 


technologies 
measure water in 


the upper few 
centimeters of soil 


or vegetation or 
snow


Soil MoistureSoil Moisture
Snow, Ice, RainfallSnow, Ice, Rainfall SnowSnow


VegetationVegetation
RadiationRadiation


The electromagnetic 
spectrum
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Stimulus Package $4.4 million:



 


Water Supply and Management in California, Scalable to 
Regional and National Applications
• Identified Commercial and Government End Users
• ARC, JPL, MSFC partnership
• Addressing Water Supply (Snowpack/Precip) and 


Demand(Irrigation –
 


75% of run-off)
• New Project Management Challenges


• Stimulus Funding rules, e.g.
• no funding of Gov’t employees,


• strict funding commitment reqs.(e.g. commit NLT Sep 2010)


• strict reporting requirements (e.g. funds tracking, contract vehicles)
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Pilot Project 



 


CA Urgent Needs



 


Project Overview



 


Water Management



 


Irrigation Optimization


Image credit: California Geographic Alliance, 2002, 
Kelso Cartography
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Two years of drought 
coupled with driest 
spring on record.





 


Sacramento-San Joaquin 
Delta eco-system is near 
collapse.





 


Increased stress on water 
resources
◦


 


Population growth



 


30M in 1990 -> 36.7M in 
2005 -> 59.5M in 2050 


◦


 


Land-use changes
◦


 


Climate change


Image credit: USDA
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Joint project between three NASA Centers (ARC, JPL, & MSFC)



 


Collaboration with DWR, NRCS, local water districts, USDA ARS, 
agricultural producers, 





 


Project components:
◦


 


Water supply monitoring and forecasting (JPL, MSFC)
◦


 


Flood monitoring (JPL, DFO)
◦


 


Optimization of agricultural water use through irrigation forecasting (ARC, 
MSFC)


Image credit: NRDC, 20
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1.
 


Add value to current DWR/CIMIS investment in 
ETo production/distribution.


2.
 


Add value to current DWR water portfolios, 
integrated management plans, and water supply, 
demand, and modeling studies.


3.
 


Create the infrastructure to support 
demonstration applications for irrigation 
optimization and water conservation. 


4.
 


Develop a multi-center management framework 
capable of supporting future applied science 
efforts and engaging a diverse user community.
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Goal 1: Add value to current DWR/CIMIS 
investment in ETo production/distribution.


• Daily mapping of basal crop 
coefficients (Kcb) and 
transpiration (T) throughout San 
Joaquin and Tulare Lake 
Hydrologic Regions 


• Monitoring and forecasting of 
crop evapo-transpiration (ET) on 
a daily basis


• Delivery of irrigation guidelines 
for multiple crops to selected 
grower-participants in the San 
Joaquin and Tulare Lake 
Hydrologic Regions.


(Kcb+Ke)*ETo=ETc


Irrig/precip uplink from grower


Ke evap coeff after FAO56


Irrig application rate


Water 
balance
Water 
balance


(Kcb and ETo as per previous slide)


Water gain


Water loss


text msg


Weather forecast &
NREPS precip
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Goal 2: Add value to current DWR water portfolios 
and water supply, demand, and modeling studies.


• Weekly mapping of Snow Water 
Equivalent for the Sierra Nevada 
Range (Molotch, 2009).


• Daily mapping of river discharge 
for the San Joaquin River.


• Monitoring and forecasting of 
water supply for the San Joaquin 
River watershed.


SWE, cm


04/01/05 04/01/06 04/01/07
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Automated data processing.



 


Build on information 
architecture to provide 
information products to 
end-users in GIS-friendly 
formats.





 


Automated irrigation 
forecasting with delivery to 
growers via mobile phones


Goal 3: Create the infrastructure to support 
demonstration applications for water supply 
management and agricultural efficiency.
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Establish an expert 
advisory panel.





 


Engage stakeholders 
workshops





 


Establish a “person-in-
 the-trenches”


 
approach 


to development.


Goal 4: Develop a multi-center management framework 
capable of supporting future applied science efforts and 
engaging a diverse user community
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NASA Water Resources 
Project Personnel


Brad DoornBrad Doorn
NASA Water Resources Program Manager
NASA HQ, Washington DC


David TollDavid Toll
Deputy Program ManagerDeputy Program Manager
NASA/GSFC Greenbelt, MDNASA/GSFC Greenbelt, MD


Ted Engman Ted Engman 
NASA Water Resources ConsultantNASA Water Resources Consultant
SAICSAIC


Jared EntinJared Entin
Terrestrial Hydrology and NASA Energy & Terrestrial Hydrology and NASA Energy & 


Water Cycle Program ManagerWater Cycle Program Manager
NASA HQ, Washington DCNASA HQ, Washington DC


NASA Water PI Meeting 17NASA Water PI Meeting 17--18 Sept 201018 Sept 2010
Goulburn-Murray Water


NASA Water Resources ProjectsNASA Water Resources Projects
http://http://wmp.gsfc.nasa.govwmp.gsfc.nasa.gov







NASA Water Resources, Program Review 23 June 2009


National Aeronautics & 
Space Administration


Water Resources Program


Goal: Facilitate application of NASA Earth science 
products as a routine use in integrated water resources 
management for the sustainable use of water. Also includes 
extreme events of drought and floods and the adaptation to 
the impacts from climate change.


NASA Water Resources


WATER RESOURCES FUNCTIONAL THEMES
1) Streamflow & Floods
2)  Drought Monitoring & Prediction
3)  Irrigation and Water Supply (ET)
4)  Water Quality 
5)  Climate Change and Water Resources







NASA Water Resources, Program Review 23 June 2009


National Aeronautics & 
Space Administration


Water Resources Program


Water Resources NASA Other
Fed


Academia NGO Ending
FY09


Funding in
FY10


Total 


Water Quality 1 1 1 0 3 3


Water Supply 
(ET) & 
Irrigation2


2 1 3 0 3


Streamflow & 
Floods


2 2 2 2 4


Drought 3 13 1 1 4 5


Climate 
Impacts & 
Water 
Resources


1 0 1 1


Total 3 4 7 2 6 10 16


1 – Includes ROSES 2008 Decisions Selections.  6 Water Resources Proposals Selected 
from 34 Proposals Reviewed.  Two others close to Water selected in other Elements


2 – One project awarded as 1-year project only
3 - Co PIs: USGS and JPL


NASA Water Resources ‘Decisions’ Projects1







NASA Water Resources, Program Review 23 June 2009


National Aeronautics & 
Space Administration


Water Resources Program


Water Resources NASA Other
Fed


Academia NGO Total 


Water Quality1 1 1 2


Water Delivery & 
Irrigation


0


Streamflow & 
Floods


1 1


Drought 0


Climate Impacts & 
Water Resources


1 1 2


Total 2 0 2 1 5


NASA Water Resources 2008 Feasibility Projects


1 - Approximately 14 Gulf of Mexico Alliance (A.28) projects (2-years) selected 
related to Water Resources in the areas of Water Quality and Coastal 
Ecosystems 







NASA Water Resources, Program Review 23 June 2009


National Aeronautics & 
Space Administration


Water Resources ProgramNASA Water Resources – NASA Products







NASA Water Resources, Program Review 23 June 2009


National Aeronautics & 
Space Administration


Water Resources Program
NASA Water Resources - Decision Support Tools







NASA Water Resources, Program Review 23 June 2009


National Aeronautics & 
Space Administration


Water Resources Program
Water Resources Reporting


• Semi-Annual Progress Reporting (1 – 3 pages 
with Figures and Tables). Not in place of contract 
requirements.


• Science Highlights and Significant Events
- See Example Format.  1 to 2 times a year.


• Project Summaries – 1 Page (see web site)
• Final Reporting – Benchmarking Guidance
• Journal Publications – Add to our bibliography


http://wmp.gsfc.nasa.gov







NASA Water Resources, Program Review 23 June 2009


National Aeronautics & 
Space Administration


Water Resources Program


Water Resources Activities
- Identify current & future water resources activities to make use of NASA products.
- Support and coordinate activities through GEO, including IGWCO, GEO Tasks (Africa & 


Latin America, etc.) & water quality
- Coordination of remote sensing activities in Middle East & North Africa Region (USAID, 


World Bank, & Arab Water Academy) 


Committees and Working Groups
- ACWI-SOH, DoS Water, ‘SMAP Applications User Group’, ‘SWAQ’, ‘NEST & WWAP Water 


Indicators’, WGA, WSWC, GEO Water Quality,  etc.


Hydrology for Environment Life & Policy (HELP)
- North American Coordinator.  Only US contribution to IHP and UNESCO 


Outreach
- Web site (http://wmp.gsfc.nasa.gov), Learning Centers, Training Sessions, Student 


Programs, NASA Videos, Science Café, Fellowship Support, etc.


Meetings & Conferences
- Combination of Technical (e.g., AMS, AGU) & User Group (AWRA, WWF, WSWC, HELP, 


etc.)
- Water PI Annual Meetings


Water Resources - Programmatic Activities



http://wmp.gsfc.nasa.gov/





Satellite Earth Image Products Applied to 
Development of Regulatory Water Quality Standards


Goal: Develop retrospective time-series (mid-1980s to the present) of light attenuation and determine contributions of chlorophyll- a, 
suspended matter, and dissolved organic matter to light attenuation 


Decision Support: Work with partners within EPA and the Florida Department of Environmental Protection to utilize remote 
sensing products for developing water quality criteria protective of coastal ecosystems


Mobile Bay


Pensacola Bay


Choctawhatchee Bay


St. Andrews Bay


St. Joseph Bay


Tampa Bay


Charlotte Harbor


Florida Keys


Figure 1. Proposed study sites for 
extracting remotely sensed water 
quality parameters.
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Figure 1. Proposed study sites for 
extracting remotely sensed water 
quality parameters.
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UCI-JPL-DWR Joint Project
(Funded by NASA ROSES/Decision Support through Earth Science Research Results)


Enhancing California’s Water Resource Management and Decision Support System 
to Address Impacts of Climate Change


UCI PIs:  Sorooshian  and Gao







Federal-State-Local Managements
* California’s agricultural and urban region-


75% located south of Sacramento,  demand
vast quantities of water


* River water are managed by dams, reservoirs,
and canals.


Groundwater (well numbers and distribution)


* Groundwater supplies 40% of the water California uses.


* Nearly half irrigation water comes from groundwater and 
about 16 million Californians depend on GW for drinking 
water.


* In the Central valley, 60 million acre-feet of groundwater 
has been lost since 1961 (USGS, 2009).







Enhance the CalSim-II-based decision making support system for 
California water resource management in the existing and projected climates


I. Improve the water data quality
1) Techniques that merge satellite remote sensing with ground measurements to obtain more 


accurate spatial distribution and quantity estimation results.    
* Snow water distribution and quantity estimations   
* Use the SMOS (SMAP) soil moisture data – save water use for irrigations (currently,        


the amount of water for crop irrigation is estimated by Eo , not directly related to  
soil moisture). 


2)    Precipitation/temperature downscaling technique using Empirical Orthogonal Function (EOF) 
for the existing and projected climates


Proposed Scope of UCI-Led Research:







II. Add new interface to CalSim-II to make decision making easy and intuitive. 


1) Graphical User Interface (GUI) to replace typing and changing tables in CalSim-II


2) Dynamically visualize the management results:


• Show the risk/safety levels of water supplies over the network system through  alternative 
management plans.


• Show the analysis results


Changes in CalSim-II


Network structureNetwork structure


Priority Priority weightsweights


Node/Arc attributesNode/Arc attributes


Interface provides click/properties/change


Network 


GIS


Transform


ConstraintConstraintss


Proposed Scope of UCI-Led Research:
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RemotelyRemotely--Sensed Estimates of Soil Moisture Sensed Estimates of Soil Moisture 
to Infer Soil Texture and Hydraulic Properties to Infer Soil Texture and Hydraulic Properties 


Optimized vs. Measured Soil Texture
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Near-surface soil moisture is a 
critical component of land-surface 
energy and water balance models, 
but accurate soil moisture 
prediction requires soil texture and 
hydraulic property information, 
which is poorly characterized over 
most of the globe.


Physically meaningful soil texture 
information can be retrieved from a 
few but appropriately-timed soil 
moisture measurements from 
microwave remote sensing.


Figure 1


Optimized vs. Measured Soil Textures
Figure 2
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Name: Christa Peters-Lidard, NASA/GSFC 
E-mail: Christa.D.Peters-Lidard@nasa.gov
Phone: 301-614-5811


References:
Santanello, J.A., Jr., C. D. Peters-Lidard, M. Garcia, D. Mocko, M. Tischler, MS. Moran, and D.P. Thoma, 2007.  Using Remotely-Sensed Estimates of Soil Moisture to Infer Soil 
Texture and Hydraulic Properties across a Semi-arid Watershed, In Press, Remote Sensing of the Environment.


Peters-Lidard, Christa D., David M. Mocko, Joseph A. Santanello, Jr., Michael A. Tischler, M. Susan Moran, Matthew Garcia, and Y. Wu, 2007. The role of precipitation 
uncertainty for soil property estimation using soil moisture retrievals in a semi-arid environment. Submitted to Water Resources Research.


Garcia, M., C.D. Peters-Lidard, and D.C. Goodrich, 2007.  Spatial interpolation of precipitation in a dense gauge network for monsoon storm events in the southwestern US.  
Submitted to Water Resources Research.


Data Sources:  This is a joint effort composed of multiple agencies including the USDA-Agricultural Research Service (watershed, remote-sensing data), NASA-GSFC (land- 
surface modeling within the Land Information System (LIS; http://lis.gsfc.nasa.gov), coupled with Parameter Estimation (PEST)) and US Army Corps of Engineers-Engineering 
Research and Development Center (financial support, operational testing, user interface development), 


Near-surface (0-5cm) soil moisture observations (Figure 1) derived from successive aircraft flights using NASA’s L-Band Push-Broom Microwave Radiometer (PBMR; a 
precursor to the Hydros/SMAP mission) were acquired during the Monsoon ‘90 experiment in SE Arizona, and used to calibrate soil hydraulic properties in the Noah land-surface 
model executed within LIS at a very high horizontal spatial resolution of 40 meters.


Technical Description of Image:
Figure 1:  Simulated (top), PBMR-observed (middle), and difference (bottom) 0-5 cm soil moisture using a) default (USDA SSURGO) soils and b) soil properties calibrated using 
LIS/Noah+PEST on DOY 214.  The soil moisture bias and RMS error are greatly reduced after the soil property calibration. Limited remote microwave retrievals of near-surface 
soil moisture can be used to calibrate the soil texture and hydraulic properties using this combined observation, modeling and parameter estimation approach. (Fig. 1).  
[Santanello et al., 2007]


Figure 2: Percentages of sand, silt, and clay estimated using this approach at the eight sites compared with in-situ soil measurements from Schmugge et al. (1994).  The 
LIS/Noah+PEST system correctly estimates highly-sandy soils in this semi-arid watershed. Soil texture estimated using this approach corresponds well with in situ observations 
of sand, silt, and clay at various sites across the watershed. By estimating within a continuous range of soil properties such as sand, silt, and clay percentages rather than 
applying disconitnuous soil texture classes, the physical accuracy and consistency of the estimated soil properties is assured and can be more easily assessed against in situ 
measurements.


Scientific significance: Soil texture and hydraulic properties are required for accurate prediction of soil moisture, and are poorly known over many areas of the globe.  This 
work is the first to demonstrate how remotely sensed soil moisture combined with a physical model may be combined to infer these critical parameters.


Relevance for future science and relationship to Decadal Survey: Soil moisture is a critical control on water and energy cycles, as well as weather, climate, hydrological and 
agricultural prediction.  Soil texture and hydraulic properties are required for accurate prediction of soil moisture.  Soil moisture observations from the SMAP mission, to be 
launched in the 2010-2013 timeframe, combined with precipitation observations from the GPM mission, to be launched in 2013, will provide the necessary data products to infer 
soil textures world wide using the techniques presented in this work.
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Lidard, T. Martin, S. Kaki,  A. Limaye, M. Forrest, W.Pozzi, 


University of Maryland, September 17, 2009
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Identify and describe the results derived from the 
 space and water community, specifically NASA 


 products, not readily and enthusiastically adapted by 
 water managers to use in day‐to‐day decision making 
 and planning?  What additional steps are needed to 


 effect real technology transfer?
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- Managers are unable to take on additional tasks in 
incorporating Earth Science satellite information into decision 
support tools.  For example, the NOAA NWS RFCs have a strict 
operational cycle of preparing forecasts every 6 hours, which 
discourages them from undertaking new tasks.  Also, the 
receiving agency may lack remote sensing expertise and hence 
not willing to retrain staff.
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Although products may be useful, agencies often have to 


 rely on sanctioned software and cannot incorporate new 
 capabilities.  Sometimes agencies will use products 


 unofficially when they recognize the value





 
Agencies will not change what they are doing for minor 


 improvements.  Results have to be substantial.   
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Some of these issues can and should be dealt with 
 before a project is started or defined.  





 


An approach is to provide information to start that 
 supplements  the primary information source.  


 Develop a relationship with the receiving agency to 
 build on. 





 


Timing of the project has to be in sync with the timing 
 of the receiving agency.  For example, if an agency, 


 such as NOAA NWS RFS is incrementally undergoing 
 modernization (as with Community Hydrologic 


 Prediction System and FEWS), a 3 year project 
 duration may be insufficient to meet the goal.
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It is very helpful to have someone placed within the 
 receiving agency someone who understand the new 
 technology and the operations of the receiving agency 


 and can facilitate the design of a project and the ultimate 
 acceptance of the products and procedures that emerge 


 from the research.



 


Can help connect new tool with the end user



 


Perhaps NASA should send people on fact finding into 
 the agencies. 
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Alternate approach – fund representatives from the 
 cognizant agencies – suppliers and users – to focus on 


 specific problems within an institute environment.  Three 
 to five year commitment.





 


More and more, user agencies are looking at “indicators”.  
 Perhaps the focus should be on those parameters. 
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To what extent is the lack of interest at NASA in earth 
 science addressed by developing an active user 


 community that would advocate for earth science 
 research and applications.





 


Concern about the result being converted into a 
 congressional “earmark.”





 


Better to focus on overall success of earth science 
 applications
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Christa asked that since WaterNet was set up to connect 
 end users and NASA products, what did it learn?





 


At the start of WaterNet, there was a lot of pressure to 
 work with operational agencies.





 


Then WaterNet spent much time talking with end user 
 farmers in Virginia and California and municipal end 


 users in Arizona.  There was a drought in Virginia the 
 first year; when the drought lifted, interest of end users 


 abated.  



 


High tech solutions like NLDAS were better applied at 
 the national level with NWS RFCs (at OHD) than at 


 RFC district level.  Lower tech solutions (like ALEXI) 
 were better suited for irrigation districts.





 


Have brought about some changes in the NOAA RFCs, 
 but it’s a very difficult job


 
   


8/13/2009 9WaterNet Year 3 Annual Meeting







- WaterNet has brought about some change at CNRFC, but it is a 
very difficult job.
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Jared raised the question of stationarity:  Is it dead?  If it 
 is, what do we have now that will help deal with the 


 uncertainties related to stationarity? Many agencies base 
 decisions upon “climatology”


 
or the historical record.    


 What is the impact of ignoring the argument that 
 stationarity is no longer applicable?








 


Climate change is a major issue, and the user 
 community is not ready to deal with it.





 


Spatial data (from satellites) may be more valuable 
 than historical data.  If so, NASA capabilities are well 


 positioned to help.
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NOAA ready to initialize a nation‐wide climate 
 forecasting system; USGS charged to monitor water 


 resources.  International agencies face similar issues.  



 


Major questions to resolve – how much water do we 
 have?  How good is it?  How is it changing and how 
 quickly?  What are the factors that limit its availability?  


 What will be the impact of climate change?  What will 
 be the impact on infrastructure?  Etc.    





 


This is equivalent to a many body problem with 
 interactions among multiple issues (carbon and water).





 


Looking at systems now, not only single parameters.  
 NASA culture is much more systems oriented than the 


 cultures in operational agencies.
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There is a lot of emphasis now on carbon cycle.  That info 
 needs to be translated to the water cycle. 





 


What will be the impact of actions taken to address 
 carbon stocks on the water cycle?





 


Consider phased projects in which the later years are 
 funded by the operational agency.  





 


Joint solicitations



 


Technology transfer programs –
 


especially with small 
 business





 


SBIRs
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How can we address the scale (time and space) 


 and data latency issues that potential users 
 have to address and overcome?  i.e., river basin 


 to farm field, real time to ten day composites, 
 etc.





 


Trying to match the scale of an end user with that of 
 satellite data is a challenge (i.e., downscaling GRACE). 





 


When oriented toward users, you need to understand the 
 user’s needs.  The private sector focuses on user needs, 


 but it is the most difficult part. 



 


User has to take ownership of the technology. 
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Will the user accept the information?  Need to 
 demonstrate the results. 





 


There are bureaucratic processes that are in‐grained 
 and will not change quickly.  





 


Again, need to embed someone in the decision making 
 process in order to understand the process and know 


 where to make changes.



 


Need to do “impedance matching”
 


before the call is 
 issued.   Does the implementing organization have too 


 much inertia and resistance to change? 


8/13/2009 15WaterNet Year 3 Annual Meeting










 
How do we best provide continuity of data 


 between remote sensing systems where so 
 many systems have a finite life‐span?  Issue of 


 research to operations.



 


Need to work toward international cooperation so that 
 data sets can be shared.
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What needs in water resource planning and 


 management are not being addressed in 
 NASA’s current Applied Sciences program?  


 International versus domestic focus?  
 Recommended priorities.  Identify gaps.





 


Better oversight and coordination.  ESTO is a model that 
 has a more regimented approach.  More reliable and 


 encourages consistency.  Need to have an “applications 
 readiness level”


 
Need to include end goal.  
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In analogy to ESTO, define a Technology Readiness Level, 
 here an “Application Readiness Level,”


 
one that tracks the 


 progress being made by the agency, using an ESTO type 
 ranking from 1 to 7, for example.


Also, the Applied Sciences Water Program can identify the 
 goal and target, and then use this Applications Readiness 
 Level to show whether the goal is being reached. Major 


 questions to resolve – how much water do we have?  How 
 good is it?  How is it changing and how quickly?  What are 
 the factors that limit its availability?  What will be the 


 impact of climate change?  What will be the impact on 
 infrastructure?  Etc.    
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Need sustained capability in NASA.  Operational 
 capability?  (Example provided by Servir


 
and FEWS)





 


NASA approach is supply dominated in water.  Little 
 effort to penetrate water usage.  
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Presentation Outline



 
WaterNet Structure



 


Demonstration Projects



 


Networking Activities – domestic, international



 


WaterNet Network Infrastructure
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WaterNet Project Objectives
- Organize water cycle scientists, managers, and stakeholders 


into a Water Cycle Solutions Network—”networking activities”


- Modernization of Decision support Systems with 
Environmental Models and Satellite Remote Sensing-- 
”Demonstration projects”


- What networking aspects should be automated?


- What metadata to use to link together various demonstration 
projects using common input files or shared data and 
documentation


- Semantic registration of datasets
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WaterNet Year 2 Paradigm


9/17/2009 4Water Management PI Meeting


+


WaterNet is the 
catalyst for the 
discovery and sharing of 
creative solutions to 
water problems.


Demonstrate new 
decision support tools for 
resource managers and 
policy makers for 
potential operational use







WaterNet Pilot Projects 





 
Salt River Project Water Supply Forecast Modernization





 
Chesapeake Bay Community Model Modernization





 
Central Europe WaterNet Community of Practice





 
NOAA Integrated Coral Reef Observing Network





 
Group on Earth Observations Water Cycle Community of 
Practice and Agricultural Water Productivity Mapping 
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Salt River Project—supplying water to Phoenix
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Salt River Project Decision Support Baseline 
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WaterNet Solution: Replace Unit Hydrograph  Methodology with 
Variable Infiltration Capacity Model (VIC) combined with use of 
MODIS Snow Cover Imagery
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Salt-Verde combines the VIC  model with MODIS Snow Cover 
Area (SCA) 


Vic underestimates snow water equivalent, so MODIS Snow 
Cover Area provides a correction 
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Chesapeake Bay Demonstration Project 





 
“The Chesapeake Bay 
ecosystem remains severely 
degraded…





 
“Pollution led to murky 
waters and algae blooms, 
which blocked sunlight from 
reaching bay grasses and 
created low levels of oxygen 
for aquatic life.”
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Chesapeake Bay Community Modeling Program 
Watershed Model Baseline


To estimate loads of nitrogen and phosphorus entering 
 Chesapeake Bay, scientist use a combination of water 
 samples (right) and computer models.


The Hydrological Simulation Program Fortran 
 (HSPF)(Bicknell et al 2005) is used, in combination with 


 estuarine models, to set Total Maximum Daily Loads for 
 watershed tributaries.
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Chesapeake Bay Community Modeling Program 
Watershed Model Baseline


HSPF divides the soil into an upper soil zone and a lower 
 soil zone


Water from the upper zone may: 
1) enter a lower soil zone
2) enter an inactive groundwater storage pool
3) enter an active groundwater storage pool


Since water entering the inactive groundwater storage is 
 removed from the model, the model does not conserve 
 water mass, complicating tracking groundwater pollution 


 into the bay.
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ParFlow links together groundwater and overland flow, 
coupling groundwater and surface flow, rather than employing 


separate decoupled surface flow and groundwater models.  
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GWSP-DIVERSITAS              
PARTNERSHIP


• Consensus-based effort


• Map & assess threats to
-Human water supply
-Aquatic biodiversity


• >20 global, geospatial data 
sets on 5 theme areas 
(watershed disturbance, 
pollutants, habitat 
fragmentation, flow distortion, 
invasive species)


threat
threat


>threat
to BD


>threat
to HWS


BD=biodiversity HWS=human water supply


Aggregate
Biodiversity 


Threat
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Comparison of Observed Soil Moisture and GLDAS Soil Moisture 


Gregor Gregoric ARSO and Christa Peters-Lidard GSFC HSB 
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NOAA ICON Decision Support Augmentation 





 
Photosynthetic Active Radiation (PAR) is derived from the 
measured short-wave radiances by satellites (MODIS and 
GOES), using an algorithm which was developed at the 
University of Maryland Department of Geography under a 
ROSES-Carbon solicitation
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WaterNet Data Infrastructure 



 
Ontology-enabled search tools and workflows, developed in 
collaboration with the NSF-sponsored Consortium of 
Universities for the Advancement of Hydrologic Science 
(CUAHSI), and subject of an AGU Informatics session during 
AGU08 Fall meeting.





 
Development of metadata and semantic data registration 
tools so that pilot projects may share standardized input files 
and documentation





 
Comparative data integration tool development with Asian 
Water Cycle Initiative regional network  
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WaterNet Completed Tasks 



 
WaterNet Community of Practice has provided as a test bed 
and prototype for the Group on Earth Observations Water 
Cycle Community of Practice





 
WaterNet has demonstrated the importance of sustained 
collaboration with end users to define and refine Earth 
Observation requirements





 
WaterNet has completed a new scientific challenge by 
providing strong linkage among the scientific community, the 
space agencies, and decision makers, for rapid transitioning 
of scientific achievements and NASA technology into 
operational use. three networks meet a new type of scientific 


 challenge by providing strong linkage among the scientific 
 communities, the space agencies, and decision makers. 
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17 Sept. 2009 
NASA PI Meeting - Drought Focus Group 
 
NASA Drought Functional Theme.  Top issues or questions  
1)  Improve initialization conditions (i.e., soil moisture and snowpack) for increasing the 
skill of drought predictions.  Improved drought forecast skill is needed for broader 
application.  
 
2)  Improve use of NASA modeling and remote sensing to help assess critical gaps.  For  
example, snowpack does not necessarily correspond to streamflow.  Many times there is 
insufficient data to track water availability such as soil moisture data. 
 
3)  Improve communication between end users and NASA.  Remote sensing training, 
outreach, pilot projects are useful, but much more is needed.  Activities such as SMAP 
applications user group meeting is a step in the right direction.  Recommend to expand 
the participation of applications for the NASA decadal missions  (i.e., NASA decadal 
missions should provide applications funding). 
 
4)  Improve data processing (e.g., parallel processing), data interoperability, data 
visualization, web access/utilization for more routine use of NASA products. 
 
5) NIDIS test site approach is good, but several from our group recommend a higher 
priority for the Midwest. 
 
Meeting Summary 
 
NIDIS is planning to conduct pilot cases with end users for more comprehensive 
assessments. 
 
1) Upper Colorado 
2) SE U.S. (? Spelling of river basin) 
3) California 
4) Possibly the Chesapeake Bay area 
 
• We discussed that the 1-year California Water Stimulus by NASA be closely aligned 
with the NIDIS for transfer of information and capabilities.  
 
• The training of California Department of Water Resources personnel by USGS, NASA 
and others this summer should improve the application of remote sensing products. 
 
• Although many users are waiting for more accurate drought predictions, many users 
such with the Bureau of Reclamation are looking for improvement of overall skill  even if 
not always accurate. 
 
• Improving snowpack estimation will help improve drought predictions. 
 







• More work is needed to optimize our drought products for a range of user applications 
that vary significantly by region. 








Final Agenda  
NASA Water Management Program PI Meeting 


Room 1123, UMUC Inn and Conference Center, Adelphi, Maryland 
Sept. 17 & 18 2009 


 
 


WORKSHOP OBJECTIVES 
The primary objective of the meeting is to update and better coordinate NASA Water Resources 
Program activities and permit attendees to share their results and perspectives and to help plan 
possible synergies and maximize outcomes. 
 


WELCOME & PROGRAM 
8:00-8:30  Registration (Coffee & Tea Only) 
 
8:30-8:45  Summary of Workshop, Logistics & Introductions, David Toll (NASA/GSFC) 
 
9:45-9:15 NASA Applied Sciences Program & Water Resources Program, Brad Doorn 


(NASA/HQ) 
 
9:15-9:35  NASA Water Resources Projects Update, David Toll (NASA/GSFC) 
 
9:35-9:55  NASA Water Science, Jared Entin (NASA/HQ) 
 
9:55-10:15  BREAK  
 


INVESTIGATORS PRESENTATIONS 
 
Streamflow and Hydrologic Forecasting Projects 
 
10:15-10:50  NASA Earth Science Radiation and Snow Data Products and LIS Modeling for 


NOAA Flood Assessment/Forecast, Pedro Restrepo (NOAA/NWS/OHD), 
Ashutosh Limaye (NASA/MSFC) & Christa Peters-Lidard (NASA/GSFC) 


 
10:50-11:15  NASA Earth Science Data Products and Western US Remote Sensing and 


Seasonal Predictions, D. Lettenmaier (U. Washington) 
 
11:15-11:40 Benchmarking NASA Snow Research Results in NWS Hydrologic Decision 


Support, Lydia Gates (GMU/CREW) & Don Cline (NOAA/HOHRSC) 
 
11:40-11:55 Improving Flash Flood Prediction through a Synthesis of NASA Products, Brian 


Cosgrove (NOAA/NWS/OHD) 
 
12:00-1 PM Lunch (Not Paid for by NASA, restaurant/cafeteria at center) 
 
1:00-1:15 Project Nile: Distributed Hydrologic Information for Water Management, B. 


Zaitchik (Johns Hopkins University) & S. Habib (NASA/GSFC) 







Drought Projects 
 
1:15-1:45 NASA Earth Science Data Products and Drought Monitoring, Son Nghiem 


(JPL) & James Verdin (USGS)  
 
1:45-2:05 Integrating Enhanced GRACE Water Storage Data into the U.S. and North 


America Drought Monitors, Matt Rodell (NASA/GSFC) 
 
2:05-2:25 Developing of a Robust Drought Index for Agricultural Applications, Randy 


Koster (NASA/GSFC) 
 
2:25-2:50 Developing Seasonal Predictive Capability for Drought Mitigation DSS, X. Cai 


(U. Illinois) 
 
2:50-3:05 A NASA Land Data Assimilation System for Famine Early Warning, J. Verdin 


(USGS) 
 
3:05-3:20 Break 
 
3:20-5:30 PM Discussion Groups (Room 1109 & 1123) 
 
Purpose:  Identify priorities, gaps and future needs for the Applied Sciences Program for Water 
Resources.  Discuss possible synergies, share test sites, and establish relationships.  Discuss 
implementation strategies and ways to optimize transition from research to operations.  See 
‘Breakout Charges and Questions’ in back. 
 
Groups (1 to 4) 


I. Streamflow and Flood Forecasting 
II. Drought 
III. Water Delivery (Irrigation) 
IV. Water Quality 


 







WATER PI MEETING - Day 2 
 


Coffee & Tea served only 
 
Discussion Period Reporting 
 
8:30-9:30  Panel Reports - 1 Page paper 
 
Water Loss (ET) & Irrigation 
 
9:30-9:50 NASA Earth Science Data Products in Enhancing Water Mgmt Using High 


Spatial ET Maps, T. Martin (Riverside Technology) 
 
9:50-10:10 NASA Earth Science Data Products in Integrating Best Estimates of Regional 


Evapotranspiration into Hydrologic DSS, J. Hendrickx (New Mexico Tech U.) 
 
California Water Resources Stimulus Project 
 
10:10-10:30 Project Update, Brad Doorn (NASA HQ) and Group 
 
10:30-10:50 Break 
 
Water Quality 
 
10:50-11:05 Improving BASINS/HSPF Prediction Nitrogen Export Using NASA Imagery, 


P. Townsend (U. Wisconsin) and Angelica Gutierrez-Magness (U. Maryland & 
NOAA) 


 
11:05-11:20 Improving Water Quality Management: Use of Earth Observations in 


SPARROW, M. Macauley (Resources for the Future) 
 
  
Linked & Feasibility Projects  
 
11:20 – 11:30 Global Precipitation, Floods & Landslides, R.  Adler and Kilroy Vilmaz 


(ESSIC) and F. Policelli (NASA/GSFC) 
 
11:30 – 11:40 Arab Land Data Assimilation System Project, M. Rodell (NASA/GSFC) 
 
11:40 – 11:50 Latin America Agriculture and Capacity Building, L. de Goncalves (ESSIC) 
 
11:50 – 12:00 North American LDAS in Support of the US Drought Monitor, D. Mocko 


(SAIC) 
 
Noon-12:10 Near Real-time Flood Detection & Mapping, F. Policelli, (NASA/GSFC) 







12:10 – 12:20 Himalaya Climate Impacts Project, Shahid Habib & Molly Brown, 
(NASA/GSFC) 


 
12:20 – 12:40 Water Solutions Network Project Summary, L. Gates (CREW) 
 
12:40-12:50 NASA & AFWA Global Hydrology, C. Peters Lidard (NASA/GSFC) 
 
12:50-1:00 Improved Agriculture using Remote Sensing Soil Moisture, W. Crow 


(USDA/ARS) 
 
Final Discussion Period 
 
1:00 -2:00 Water Resources Discussion Period (Program Goals, priorities, gaps, etc.) 


 
ADJOURN 2:00 PM 
 
 
 
Notes: 
 


1) No representation: M. Ozdogan (U. Wisconsin) & S. Sorooshian (UC Irvine). Ask for 1-2 
summary slides 


 
2) Talk length, allow 5-minutes for questions 


 
3) New projects, 15 minutes, 20 to 25 minutes for ongoing projects, extra time added for 


multiple talks. 
 







 
NASA Water Management PI Meeting 
Breakout Group Charge or Questions 


 
 
Program Direction, Priorities and Gaps 
 


 What needs in water resource planning and management are not being addressed in 
NASA’s current Applied Sciences program?  International versus domestic focus?  
Recommended priorities.  Identify gaps. 


 
 • Identify 3 to 4 compelling topical issues per application theme area. 
 
Implementation Issues 


 
 Identify and describe the results derived from the space and water community, 


specifically NASA products, not readily and enthusiastically adapted by water 
managers to use in day-to-day decision making and planning?  What additional 
steps are needed to effect real technology transfer? 


 
 How can we address the scale (time and space) and data latency issues that potential 


users have to address and overcome?  i.e., river basin to farm field, real time to ten 
day composites, etc. 


 
 How do we best provide continuity of data between remote sensing systems where so 


many systems have a finite life-span?  Issue of research to operations. 
 


Synergy between Investigators 
 
 Discuss common areas between Water PI investigators where they can leverage 


relationships to further maximize use of NASA products.  Discuss possible 
opportunities to work together (e.g.  such as GEO US-Canada Drought and Middle 
Rio Grande water loss {ET}). Are there opportunities for synergistic cooperation 
between major program thrusts?  i.e., streamflow forecasting and droughts, 
streamflow and water quality, etc. 


 
 Better coordinate between Water PI investigators to attend relevant meetings and 


help represent other groups in the program. 
 
WR Reporting 
 
• Discuss WR reporting requirements and recommendations per request (science 
visuals, suumaries, etc.) 
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Improving Flash Flood Prediction Through a 
 Synthesis of NASA Products, NWP Models 


 and Flash Flood Decision Support Systems
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 Leavesley3, Christa Peters‐Lidard4, and 


 Pedro Restrepo1


1NOAA NWS Office of Hydrologic Development
2National Center for Atmospheric Research, Research Applications Program


3United States Geological Survey volunteer / Colorado State University
4NASA GSFC, Hydrologic Sciences Branch
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Introduction



 


Flash floods cause millions in damage



 


Current decision support systems limited by forecast ability and data input  



 


Limited availability of high resolution quantitative precipitation forecasts  



 


Higher resolution radar-based techniques feature very short lead times (< 2 hrs).



 


Project will produce and evaluate high-resolution 1km WRF precip forecasts



 


Impact of soil moisture on precipitation events will be leveraged  1km LIS 
simulations will provide high quality initial land surface conditions to WRF model





 


WRF executed at 1km to provide 15 min precipitation forecasts out to 24 hours



 


Stream flow and flash flood forecasts produced using WRF precipitation 







Project Overview



 


Project will be conducted in two phases



 


Phase 1 (retrospective)



 


Uncoupled LIS-Noah land surface modeling component for initial states



 


Coupled LIS-WRF atmospheric forecasting component



 


NASA LIS (Noah-distributed), NOAA DHM-TF (Sacramento), and 
USGS/USDA OMS (PRMS) DSSs driven by WRF output





 


Phase 2 (retrospective and real-time) will involve real-time DHM-TF 
flash flood forecasts over Sterling/Pittsburgh WFO domain





 


Phase 1 and Phase 2 benchmarks 



 


Against DSS runs using typical operational precipitation forecasts





 


Against streamflow observations.







Modeling Domain





 


Project activities will take place over two diverse flash flood test 
regions.  Candidate areas include:



 


Colorado Front Range (Denver WFO) 



 


Maryland (Sterling WFO) or Ohio/Pennsylvania (Pittsburgh WFO)





 


LIS-Noah executed over CONUS to 
generate initial land surface states





 


WRF simulations executed over study 
basin areas using model nests of 9km, 
3km, and 1km resolution







Project Design





 


1 Set of uncoupled Noah initial conditions for WRF 



 


2 Ensemble forcing members for each WRF simulation (with 
and without pertubation of low level moisture data)





 


2 Test regions:  Pittsburgh/Sterling and Denver WFOs



 


5 Hydrometeorological test cases for each region



 


Summary:  20 WRF and hydrologic model simulations
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Earth System Models


Decision Support Tool:
-NOAA DHM-TF, NASA LIS, 
USGS/USDA OMS DST 


Supporting Systems:
Modeling Framework:
-NASA LIS, NOAA RDHM, 
USGS/USDA OMS 


Hydrological and Land Surface 
Models: 
-Noah LSM, Distributed Noah LSM, 
PRMS and Sacramento Models 
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Value & Benefits
to Society


Quantitative and qualitative 
benefits from improved 


decisions 


-Public safety is improved 
through increased lead time of 
flash flood warnings 


-Public and forecasters benefit 
from increased accuracy and 
resolution of flash flood 
forecasts 


-Research community benefits 
through links to NOAA’s 
Community Hydrologic 
Prediction System (CHPS) 
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Earth Observations 
Current:
-NASA SRTM topography
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-GOES Solar Radiation


-USGS stream flow gauge network
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Potential Future:
-MODIS (temperature)


-AMSR (soil moisture)


-MODIS snow cover assimilation 
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-SMAP soil mst and freeze/thaw
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Management Actions 


Output and Analyses
-Retrospective NASA LIS, 
USGS/USDA OMS, and NOAA 
DHM-TF DSS 24-hour stream 
flow (and flash flood) forecasts 
validated against USGS gauge 
data and against flash flood 
forecasts produced by existing 
methods.  


-Real-time NOAA DHM-TF 
DSS flash flood forecasts 


-Verification statistics produced 
for stream flow forecasts at 
three basins 


Decisions / Actions
-Formulation of weather 
forecasts issued to public 


-Issuing of severe weather 
watches 


-Changes to short term water 
management 
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NASA Earth Science Data Products for Improving Flash Flood Forecasts
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Summary





 


Project will benefit public and water resource forecasters / managers



 


Multi-pronged validation and benchmarking approach



 


Comparisons with standard operational stream flow forecasts



 


Comparisons with existing NWS small basin forecasting 
capabilities (lumped hydrologic models and flash flood guidance)





 


Computation of peak, timing, volume, and categorical statistics



 


Validation against USGS stream flow gauges



 


Analysis of changes in forecast lead time over current methods



 


Real-time phase involves close cooperation of WFO personnel



 


Project is currently funded at low level, awaiting start of full funding







Initial Project Results From NCAR:  Initial Project Results From NCAR:  
Evaluation of an operational heavy Evaluation of an operational heavy 


rainfall and flash flood prediction system rainfall and flash flood prediction system 
for the Colorado Front Range regionfor the Colorado Front Range region


NCAR: D. Gochis, D. Yates, W. Yu


Acknowledgements to:
CSU: S. Rutledge, R. Cifelli, P.C. Kennedy







Front Range Radar-derived QPE:



 
Approach – Simple, static Z-R relationship 
using NEXRAD (Z=500R^1.6) – Calibrated 
over the month of June - 2008
• Standard Z-R relationship performed poorly
• Base data derived from Stage II NEXRAD
• CAPPI’s up to 5km AGL – Problems with ducting 


and terrain clutter, sub-cloud evap.
• Merging – KFTG, KCYS, and KPUX
• Precipitation output: 5-min rainfall products
• NetCDF output





 
Presently performing comparison and 
calibration with upgraded CSU-CHILL 
(polarimetric) radar products







Operational QPF Products:



 
NCEP North American Model: 24 hour 
forecast made 3x daily (00z, 12z, 18z)
• WRF-NMM
• 12 km native resolution
• Cycled 4x daily





 
NCAR Advanced Weather Research and 
Forecasting Model: 36-hour forecast made 
1x daily
• WRF-ARW
• 1 km
• HRLDAS land surface conditions





 
NCAR-TITAN radar nowcasts: 30-min 
nowcasts of QPF
• 5-min timestep
• NAM temp, wind, humid, etc.


4 km and 1 km WRF Domains







Results:  Radar-based QPE, Aug. 8th, 2008







Results:



 
Evaluation of simulated streamflow using multiple 
precipitation products: Aug. 8, 2008





 


Use of the default NEXRAD Z-R for summertime led to a severe 
overestimation of maximum precipitation and predicted streamflow for 
this event (dark blue curve)





 


The ‘tuned-down’ Z-R value produced reasonable flows within a range of 
infiltration parameter uncertainty (light blue KDT curves)


Simulated Streamflow Cherry Creek @ Steele - 
Aug. 8, 2008
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Simulated Streamflow Harvard Gulch Park - 
Aug. 8, 2008
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Results:



 
Evaluation of precipitation products:  Aug. 8, 2008, 
accumulated rainfall 8/9/08 00z -8/10/08 00z


RAL QPE WRF-1km (00z) WRF- NAM (00z)


Gochis et al., NCAR-EC Mtg., Apr. 21, 2009
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Use of NASA Remotely Sensed Use of NASA Remotely Sensed 
Products in Streamflow Products in Streamflow 


Estimation using NOAA NWS Estimation using NOAA NWS 
River Forecast System River Forecast System 


Phase 1Phase 1 


USRAUSRA 
Marshall Space Flight CenterMarshall Space Flight Center
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Objectives and Overall ApproachObjectives and Overall Approach





 
Objective: To assess the utility of MODIS cloud mask Objective: To assess the utility of MODIS cloud mask 
product in National Weather Service River Forecast product in National Weather Service River Forecast 
System (NWSRFS) potential evaporation (and ultimately System (NWSRFS) potential evaporation (and ultimately 
streamflow) estimation procedures.streamflow) estimation procedures.





 
Overall Approach: To utilize MODIS data in conjunction Overall Approach: To utilize MODIS data in conjunction 
with the Automated Surface Observation System (ASOS)with the Automated Surface Observation System (ASOS) 
data to improve potential evaporation component of the data to improve potential evaporation component of the 
NWSRFS hydrologic modeling system.NWSRFS hydrologic modeling system.
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BackgroundBackground





 


Daily potential evaporation (PE) is an input into the NWSRFS hydDaily potential evaporation (PE) is an input into the NWSRFS hydrologic model rologic model 
(Sacramento Soil Moisture Accounting, SAC(Sacramento Soil Moisture Accounting, SAC--SMA) to compute surface water SMA) to compute surface water 
balance.balance.





 


NWSRFS has an established procedure to compute daily PE that reqNWSRFS has an established procedure to compute daily PE that requires uires 
solar radiation, daily mean air temperature, dew point and wind solar radiation, daily mean air temperature, dew point and wind speed.speed.





 


NWSRFS used manual observations of cloud cover to compute solar NWSRFS used manual observations of cloud cover to compute solar radiation, radiation, 
which were then used in NWSRFS rendition of Penman method to comwhich were then used in NWSRFS rendition of Penman method to compute pute 
potential evaporation.potential evaporation.





 


The same methodology is available in the lumped and gridded versThe same methodology is available in the lumped and gridded versions of ions of 
NWSRFS.NWSRFS.


–– Needs daily observations of cloud fractionNeeds daily observations of cloud fraction
–– Latitude dependent coefficientsLatitude dependent coefficients
–– Output of the methodology is daily solar radiation estimate in Output of the methodology is daily solar radiation estimate in Langleys/day Langleys/day (Ly/day).(Ly/day).







USRA/NASA Marshall Space Flight CenterUSRA/NASA Marshall Space Flight Center 4


Solar Radiation and PE Estimation in Solar Radiation and PE Estimation in 
NWSRFSNWSRFS





 


When ASOS became operational in the 1990s, manual cloud cover When ASOS became operational in the 1990s, manual cloud cover 
observations were replaced by cloud ceilometer data at the ASOS observations were replaced by cloud ceilometer data at the ASOS locations. locations. 
There are two main issues with the ASOS ceilometer data:There are two main issues with the ASOS ceilometer data:
–– The cloud detection is only in five categories, resulting in lowThe cloud detection is only in five categories, resulting in low precisionprecision
–– The maximum detection of clouds can be only 12000 ft.The maximum detection of clouds can be only 12000 ft.





 


The daily cloud fraction can be computed using the hourly ASOS dThe daily cloud fraction can be computed using the hourly ASOS data, but ata, but 
given the altitude limitations and inability to detect high and given the altitude limitations and inability to detect high and some mid level some mid level 
clouds, NWSRFS no longer uses daily observationclouds, NWSRFS no longer uses daily observation--based solar radiation and based solar radiation and 
PE estimates.PE estimates.





 


Currently, only monthly climatological PE estimates are used in Currently, only monthly climatological PE estimates are used in operational operational 
NWSRFS.  Effectively, the hydrologic modeling is completely decoNWSRFS.  Effectively, the hydrologic modeling is completely decoupled from upled from 
observation based evaporation estimates.observation based evaporation estimates.
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Potential Utility of NASA Data, Evaluation Potential Utility of NASA Data, Evaluation 
Report SummaryReport Summary





 


We determined that MODIS cloud mask product has substantial We determined that MODIS cloud mask product has substantial 
potential in replacing the lost NWSRFS functionality to compute potential in replacing the lost NWSRFS functionality to compute the the 
daily observationdaily observation--based solar radiation and PE.based solar radiation and PE.





 


MODIS data are available from two space based platforms: Terra MODIS data are available from two space based platforms: Terra 
(nominal overpass at 10:30 AM) and AQUA (nominal overpass at 1:3(nominal overpass at 10:30 AM) and AQUA (nominal overpass at 1:30 0 
PM).PM).





 


MODIS data can effectively augment ASOS observations to MODIS data can effectively augment ASOS observations to 
compute an improved solar radiation estimatecompute an improved solar radiation estimate. MODIS data . MODIS data 
complements ASOS observations:complements ASOS observations:
–– Spatially continuous dataset allows us to quantify the cloud covSpatially continuous dataset allows us to quantify the cloud cover with er with 


higher precisionhigher precision
–– Ability to detect clouds to the top of the atmosphereAbility to detect clouds to the top of the atmosphere
–– Validated, operational productValidated, operational product
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Study AreaStudy Area
NWSRFS Modeling Grid (XMRG Grid) ASOS Station in the Domain
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Mapping MODIS and ASOS Data to Mapping MODIS and ASOS Data to 
NWSRFS  (XMRG) GridNWSRFS  (XMRG) Grid





 


Cloud fractions estimated using ASOS and MODIS datasetsCloud fractions estimated using ASOS and MODIS datasets





 


MODIS data has higher resolution than the XMRG grid, so the MODIMODIS data has higher resolution than the XMRG grid, so the MODIS data S data 
needed averaging over each XMRG grid cellneeded averaging over each XMRG grid cell





 


ASOS data is available at discrete points (about 175 within the ASOS data is available at discrete points (about 175 within the domain). The domain). The 
ASOS values for each of the XMRG grid cell was interpolated usinASOS values for each of the XMRG grid cell was interpolated using a surfacing g a surfacing 
algorithmalgorithm





 


Cloud cover from MODIS and temperatures, wind speeds from ASOS uCloud cover from MODIS and temperatures, wind speeds from ASOS used to sed to 
compute solar radiation and subsequently potential evaporation ecompute solar radiation and subsequently potential evaporation estimatesstimates





 


USDA SCAN observations used as independent validation of solar rUSDA SCAN observations used as independent validation of solar radiation adiation 
estimateestimate
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Solar Radiation at Little Washita Solar Radiation at Little Washita 
ASOS onlyASOS only
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Solar Radiation at Little Washita Solar Radiation at Little Washita 
ASOS + MODISASOS + MODIS


SC A N in-situ  solar radiation observation (Ly/day)
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Solar Radiation at Little Washita, OK Solar Radiation at Little Washita, OK 
Comparison with SCAN inComparison with SCAN in--situ Observationssitu Observations


ChickashaChickasha
Daily Mean Absolute Error Daily Mean Absolute Error 


(MAE)(MAE)
Daily Root Mean Absolute Error  Daily Root Mean Absolute Error  


(RMSE)(RMSE)


ASOSASOS MODISMODIS ASOS+MODISASOS+MODIS ASOSASOS MODISMODIS ASOS+MODISASOS+MODIS


33--yrs yrs 77.7177.71 110.44110.44 58.3558.35 103.61103.61 151.25151.25 75.6875.68


20042004 75.9275.92 100.01100.01 55.3355.33 101.12101.12 140.69140.69 70.1970.19


20052005 81.1681.16 102.06102.06 57.3457.34 104.24104.24 134.31134.31 72.5372.53


20062006 76.0476.04 129.28129.28 62.3862.38 105.44105.44 175.51175.51 83.6683.66


ChickashaChickasha
RR22


ASOSASOS MODISMODIS ASOS+MODISASOS+MODIS


33--yrs yrs 0.810.81 0.560.56 0.830.83


20042004 0.820.82 0.620.62 0.870.87


20052005 0.790.79 0.620.62 0.840.84


20062006 0.800.80 0.450.45 0.780.78
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Solar Radiation at Ft. Reno, OKSolar Radiation at Ft. Reno, OK 
Daily Comparison: SCAN inDaily Comparison: SCAN in--situ Observationssitu Observations


Ft RenoFt Reno
Mean Absolute Error (MAE)Mean Absolute Error (MAE) Root Mean Squared Error (RMSE)Root Mean Squared Error (RMSE)


ASOSASOS MODISMODIS ASOS+MODISASOS+MODIS ASOSASOS MODISMODIS ASOS+MODISASOS+MODIS


44--yrsyrs 73.3873.38 99.6799.67 55.7955.79 94.4094.40 136.72136.72 70.4170.41


20032003 101.14101.14 100.76100.76 71.5271.52 122.41122.41 133.88133.88 86.8886.88


20042004 63.3663.36 92.6192.61 54.2354.23 79.4979.49 126.90126.90 66.8966.89


20052005 65.3765.37 87.2487.24 48.2048.20 84.1984.19 115.17115.17 61.3761.37


20062006 63.7163.71 118.09118.09 49.2349.23 85.2385.23 165.79165.79 63.4563.45


Ft RenoFt Reno
RR22


ASOSASOS MODISMODIS ASOS+MODISASOS+MODIS
44--yrsyrs 0.860.86 0.620.62 0.870.87


20032003 0.820.82 0.590.59 0.850.85


20042004 0.890.89 0.660.66 0.890.89


20052005 0.880.88 0.730.73 0.900.90


20062006 0.870.87 0.560.56 0.880.88
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Potential Evaporation using ASOS & MODIS Data Potential Evaporation using ASOS & MODIS Data 
Annual TotalsAnnual Totals


2001 2002 2003 2004


2005 2006 2007 2008
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Annual, 8Annual, 8--yr Average Total PE with PE Atlasyr Average Total PE with PE Atlas
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SummarySummary



 


PE grids computed for eight years using PE grids computed for eight years using 
NWSRFS solar radiation and PE estimation NWSRFS solar radiation and PE estimation 
techniquestechniques



 


Being used in NWSRFS to compute Being used in NWSRFS to compute 
streamflow from the SACstreamflow from the SAC--SMA modelSMA model
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Backup SlidesBackup Slides
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Cloud Cover over Urban Areas and Water BodiesCloud Cover over Urban Areas and Water Bodies
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Cloud Cover over Dallas Cloud Cover over Dallas 
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ASOS Cloud FractionsASOS Cloud Fractions





 


Sky condition observations are available from all reporting ASOSSky condition observations are available from all reporting ASOS 
locations at least hourly.  ASOS data identifies sky condition ilocations at least hourly.  ASOS data identifies sky condition in one of n one of 
these five categories (ASOS usersthese five categories (ASOS users’’ guide, Table 3)guide, Table 3)
–– Clear (no clouds 0Clear (no clouds 0--5% sky cover)5% sky cover)
–– Few clouds (5Few clouds (5--25% sky cover)25% sky cover)
–– Scattered clouds (25 Scattered clouds (25 –– 50% sky cover)50% sky cover)
–– Broken clouds (50 Broken clouds (50 –– 87% sky cover)87% sky cover)
–– Overcast (87 Overcast (87 –– 100% sky cover)100% sky cover)





 


The midpoint percentage for the cloud cover range of each categoThe midpoint percentage for the cloud cover range of each category is ry is 
used in analysis (e.g. scattered clouds are assigned 38%).used in analysis (e.g. scattered clouds are assigned 38%).





 


Daily cloud fraction is computed by averaging the hourly cloud fDaily cloud fraction is computed by averaging the hourly cloud fractions ractions 
during the day.during the day.
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SC A N  in-situ  solar radiation observation (Ly/day)
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Solar Radiation at Ft. Reno Solar Radiation at Ft. Reno 
ASOS + MODISASOS + MODIS
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MODIS Cloud MaskMODIS Cloud Mask





 


MODIS cloud mask is available as a Level 2 swath product (producMODIS cloud mask is available as a Level 2 swath product (product t 
35).  It is applied to all the Level 3 (gridded) products.35).  It is applied to all the Level 3 (gridded) products.





 


MODIS product 11 (Land Surface Temperatures) applies product 35 MODIS product 11 (Land Surface Temperatures) applies product 35 to to 
flag pixels as cloudy. flag pixels as cloudy. 





 


Comparisons of the L2 product 35 with L3 product 11 at two locatComparisons of the L2 product 35 with L3 product 11 at two locations ions 
were made to confirm that the clouds identified in the L2 producwere made to confirm that the clouds identified in the L2 product were t were 
exactly same as those classified in L3 product. exactly same as those classified in L3 product. 





 


It is advantageous to use product 11 from the end user standpoinIt is advantageous to use product 11 from the end user standpoint to t to 
ingest a gridded product rather than the swath product.  The ingest a gridded product rather than the swath product.  The 
advantages include data completeness, consistency, in addition tadvantages include data completeness, consistency, in addition to the o the 
uniform grid scalesuniform grid scales
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MODIS Cloud FractionsMODIS Cloud Fractions





 
Count the number of 1km pixels flagged as cloudy in each Count the number of 1km pixels flagged as cloudy in each 
XMRG grid cell. Dividing the total cloudy pixels by the total XMRG grid cell. Dividing the total cloudy pixels by the total 
number of pixels in the grid gives MODIS cloud fraction number of pixels in the grid gives MODIS cloud fraction 
(higher precision than ASOS data, with possible 16 (higher precision than ASOS data, with possible 16 
categories).categories).





 
Compute cloud fraction for each of the satellite products Compute cloud fraction for each of the satellite products 
(Terra at 10:30 and Aqua at 1:30).  Average of the cloud (Terra at 10:30 and Aqua at 1:30).  Average of the cloud 
fractions from the two overpasses gives the daily MODIS fractions from the two overpasses gives the daily MODIS 
cloud fraction.cloud fraction.
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ASOS & MODIS Cloud FractionsASOS & MODIS Cloud Fractions





 


ASOS cloud fractions (based on hourly sky conditions during the ASOS cloud fractions (based on hourly sky conditions during the daytime) and daytime) and 
the MODIS cloud fractions (based on the two satellite overpassesthe MODIS cloud fractions (based on the two satellite overpasses) are merged ) are merged 
together to compute the combined ASOS & MODIS cloud fraction at together to compute the combined ASOS & MODIS cloud fraction at a given a given 
location.location.





 


Three different techniques for the ASOS and MODIS data merge tecThree different techniques for the ASOS and MODIS data merge techniques hniques 
were identified:were identified:
–– Averaging: equal weights are given to both ASOS and MODIS fractiAveraging: equal weights are given to both ASOS and MODIS fractions.ons.
–– Time Window merge: during 3 hours (centered at MODIS overpass tiTime Window merge: during 3 hours (centered at MODIS overpass times) mes) 


MODIS cloud fractions replace the ASOS observations.  MODIS cloud fractions replace the ASOS observations.  
–– Tapered merge: ASOS data are infused with tapered weights given Tapered merge: ASOS data are infused with tapered weights given to to 


MODIS cloud fractions at MODIS overpass times. MODIS cloud fractions at MODIS overpass times. 





 


Results from the averaging technique are presented here, where eResults from the averaging technique are presented here, where equal weights qual weights 
to ASOS and MODIS cloud fractions.  to ASOS and MODIS cloud fractions.  
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In Situ Solar Radiation ObservationIn Situ Solar Radiation Observation





 


US Department of Agriculture has an observational network: Soil US Department of Agriculture has an observational network: Soil and and 
Climate Analysis Network (SCAN) where hourly data are collected Climate Analysis Network (SCAN) where hourly data are collected and and 
made available in nearmade available in near--real time.real time.





 


Standard SCAN instrumentation includes a skyward looking Standard SCAN instrumentation includes a skyward looking 
pyranometer with a hemispherical field of view.  Hourly averagedpyranometer with a hemispherical field of view.  Hourly averaged solar solar 
radiation values are stored in Watts/mradiation values are stored in Watts/m22..





 


In order to compare the hourly data with the NWSRFS estimated daIn order to compare the hourly data with the NWSRFS estimated daily ily 
data, hourly SCAN solar radiation data were integrated.data, hourly SCAN solar radiation data were integrated.





 


The result is inThe result is in--situ SCAN observations of total daily solar radiation in situ SCAN observations of total daily solar radiation in 
Ly/day.Ly/day.
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Monthly Averaged PE Comparison Based on 
6 years of Data and 32 Basins
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Monthly Averaged PE Comparison Based on 
6 years of Data for 3 Basins


For basin 7299670 (smalleast greenness)
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For basin ELMSP (largest greenness)
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Annual PE and Discharge


ELMSP - high greenness
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Preliminary Conclusions


• ASOS and ASOS/MODIS PE show 
reasonable variations 


• Hydrologic simulations appear to be 
reasonable at monthly and annual scales


• Uncertain results based on greenness 
fraction
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INPUTS & OUTPUTS IMPACTSOUTPUTS & OUTCOMES


NASA & Partner Research DST Partnership Opportunity Value & Benefits


NASA/GSFC Land Information System


Models: CLM, VIC, Noah, Mosaic, SSiB, 
HySSiB, CLSM, SAC-SMA, SNOW-17


Methods: Numerical integration, 
Data assimilation & validation


States: Surface temperature, Snow cover 
& depth, Soil temperature & moisture 


Fluxes: Evaporation, Transpiration, 
Precipitation, Runoff


Weather Models & Tools


Models: GMAO, NCEP, NCAR, 
ECMWF, AGRMET, SNODAS


States: Cloud cover, Winds,
Water Vapor, Temperature


Fluxes: Radiation, Precipitation


Observation Products & Platforms


Topography: USGS, SRTM, GPS
Vegetation: AVHRR, MODIS
Weather: GOES, NPOESS
Precipitation: TRMM, CMORPH, 
CMAP, PERSIANN, NEXRAD, 
NWS & cooperative gauges


Snow Cover: MODIS, SNOTEL


NOAA National Weather Service (NWS)
River Forecast System (RFS)


Component Models: 
SAC-SMA
SNOW-17


Methods:
Multi-sensor precipitation estimation
Numerical integration
Data assimilation & validation


Evaluation Metrics:
Flood stage
Flood event spatial/temporal accuracy
Flood warning skill and false-alarms
Flash flood warning lead time


Critical Processes:
Snowmelt  Runoff conversion
Rainfall  Runoff conversion
Runoff routing
Stream & river routing


Critical Needs for Event Forecasting:
Antecedent & evolving soil moisture
Antecedent & evolving snow states


NOAA/NWS Operational Mandate


River discharge & stage prediction


NOAA/NWS Operational Products


Flood watches & warnings
Flash flood prediction & warning
Disaster response


Additional & Potential DST Benefits


Model & DST validation
NWS RFC forecaster efficiency
Preparation for future datasets


models


states


        







Improving NOAA/NWS River Forecast Center Decision Support with NASA Satellite and Land Information System Products 
(GSFC)


Improving NOAA/NWS River Forecast Center 
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Christa Peters-Lidard (NASA/GSFC), Soni Yatheendradas 
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Project Objectives:
•Integrate capability to assimilate NASA satellite products into National Weather Service 
(NWS) River Forecast System (NWSRFS) Decision Support Tools (DST) using the NASA 
Land Information Systems (LIS) as a testbed.
•Demonstrate improved simulation accuracy in modeling snowpack, runoff and stream flow 
due to assimilation of MODIS Snow Covered Area (SCA) products into Sacramento/Snow-17 
models.


Project accomplishments to date & outline of presentation:
•LIS/Sacramento/Snow-17 Software V&V (Complete)


•LIS/Sacramento&Snow-17 results now within “machine tolerance” of OHD results for 
DMIP-2 test case 


•MODIS SCA Product V&V (Complete)
•POD sufficient for use of SCA in assimilation
•Relationship demonstrated between MODIS Snow Cover Area retrieval errors and 
temperature in the western US.
•New Gap-filled MODIS product may be useful in future


•MODIS SCA  Assimilation Underway
•Assimilation methodology (e.g. Snow17-MODIS SCA “operator”) derived and implemented
•Direct Insertion assimilation coded into LIS 5 confirms conceptually with SNOW17 and 
updates up to 22 other states (i.e., retrieval algorithm follows model conceptuality).
•Formulated another improved ‘guided’ & time-distributed direct insertion assimilation.
•Improved MODIS upscaling method coded into LIS 5.


GSFC Project Objectives and 
Accomplishments







Integration of NWSRFS Components into LIS
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Initial Software V&V


Improving NOAA/NWS River Forecast Center Decision Support with NASA Satellite and Land Information System Products 
(GSFC)


LIS-Sacramento-Snow17 Integration Activities


•Sacramento model
DMIP2 Oklahoma Region Gridded test Case
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Improving NOAA/NWS River Forecast Center Decision Support with NASA Satellite and Land Information System Products 
(GSFC)


LIS-Sacramento-Snow17 Integration Activities


•Coupled Sacramento/Snow17 model
DMIP-2 Carson Region Gridded Test Case


•Differences originally too large to proceed with assimilation 
experiments


Software V&V Issues







Additional Software V&V


• Coupled Sacramento/Snow17 model
 DMIP- 2 Carson Region Gridded Test Case (2-years)


SAC/Snow-17 Variable MaxDiff Value FracDiff


RM (Rain melt) 3.14E-05 0.2234 1.41E-04


TWE (total water equivalent) 7.00E-05 515.2268 1.41E-04


SURF (surface flow) 2.00E-07 1.2544 1.59E-07


GRND (subsurface flow) 1.07E-06 0.8858 3.66E-06


Improving NOAA/NWS River Forecast Center Decision Support with NASA Satellite and Land Information System Products 
(GSFC)


LIS-Sacramento-Snow17 Integration Activities


Software V&V Now Complete







Data used in MODIS SCA V&V


Improving NOAA/NWS River Forecast Center Decision Support with NASA Satellite and Land Information System Products 
(GSFC)


1. Satellite Observations:
 Terra-MODIS Level 3 500m SCA data (MOD10A1)
 Terra-MODIS Level 3 1km LST data (MOD11A1)
 AMSRE Snow Water Equivalent


2. In-situ Observations:
 U. S. Historical Climatology Network (USHCN) Daily 


Temperature, and Snow Depth Data (62 sites)
 SNOTEL Daily Temperature and Snow Water Equivalent 


Data (59 sites)


3. Environmental Variables:
 U.S. Geological Survey (USGS) 1-arc second (30 meters) 


National Elevation Dataset (NED) 
 U.S. Geological Survey (USGS) 1-arc second (30 meters) 


Landsat Based Landcover Dataset (NLCD2001) 


MODIS Derived Snow Cover Area (SCA) V&V







Improving NOAA/NWS River Forecast Center Decision Support with NASA Satellite and Land Information System Products 
(GSFC)


POD =76.3%
FAR= 3.35%General Accuracy:


NSSS
SSPOD
+


=


NNSN
SNFAR
+


=


Spatial & temporal variability of MODIS SCA retrieval accuracy


In-situ
SCA SFL


MODIS
SCA SS SN
SFL NS NN


RED – POD
GREEN – FAR


Methodology


Temporally


Spatially


MODIS Derived Snow Cover Area (SCA) V&V







Assimilating MODIS Snow Cover into SNOW-17


Improving NOAA/NWS River Forecast Center Decision Support with NASA Satellite and Land Information System Products 
(GSFC)


MODIS SCA  Assimilation


11


WE adjustment during new snowfall


From Anderson (2006)


Wns
Ans


W100


25% of meltable 
new snow at 
100% extent


Updated to Aadj
when SWE or 
areal extent change







MODIS SCA Assimilation Experiments


Improving NOAA/NWS River Forecast Center Decision Support with NASA Satellite and Land Information System Products 
(GSFC)


SWE time series with 
(black) and without (green) 
MODIS SCA.  High SI value 
taken for SNOW17 
parameter. The melting 
period shows the SWE 
fluctuating in this direct 
insertion procedure which is 
expected to be smoothed 
out by a ‘guided’ direct 
insertion.   


SCA assimilation 
No assimilation


Uncalibrated Carson East Fork for the 2003-4 snow season. 


MODIS SCA  Assimilation







MODIS SCA Assimilation Experiments


Improving NOAA/NWS River Forecast Center Decision Support with NASA Satellite and Land Information System Products 
(GSFC)


ACCUM MELT ALL
High
SI


Calb
SI


Low 
SI


High 
SI


Calb
SI


Low 
SI


High
SI


Calb
SI


Low 
SI


SCAF -7.7 -7.9 -19.6 -25.0 -29.6 -52.2 -11.6 -12.9 -26.8
SWE 23.4 -10.6 -84.3 -16.7 -59.5 -94.5 8.3 -27.9 -87.0
RM 42.9 6.1 -23.7 121.7 -21.4 -60.5 83.2 -9.5 -43.4


Qs
-


52.6 -44.7 -47.3 -66.3 -100.0 121.1 -52.1 -88.8


Qsb
-


24.3 -22.5 -61.5 -32.3 -42.0 -89.9 -30.9 -37.1 -82.6


Table shows the percent change in selected variables due to the 
assimilation over the non-assimilated runs. The variables are the snow 


cover extent, SWE, rain-melt, surface flow and subsurface flow. Three SI 
values are taken: very high, a mid-value from the calibrated runs, and a very 


low value.


Uncalibrated Carson East Fork for the 2003-4 snow season. 


MODIS SCA  Assimilation







MODIS SCA Assimilation Experiments


Improving NOAA/NWS River Forecast Center Decision Support with NASA Satellite and Land Information System Products 
(GSFC)


SCA assimilation 
No assimilation


Uncalibrated Carson East Fork for the 2000-2002 snow season. 


MODIS SCA  Assimilation







MODIS SCA Assimilation Experiments


Improving NOAA/NWS River Forecast Center Decision Support with NASA Satellite and Land Information System Products 
(GSFC)


Uncalibrated Carson East Fork for the 2000-2002 snow season. 


MODIS SCA  Assimilation


Difference







• LIS/Sacramento/Snow-17 Software V&V (Complete)
– LIS/Sacramento&Snow-17 results now within “machine tolerance” of OHD results 


for DMIP-2 test case 


• MODIS SCA Product V&V (Complete)
– POD sufficient for use of SCA in assimilation
– Relationship demonstrated between MODIS Snow Cover Area retrieval errors 


and temperature in the western US.
– New Gap-filled MODIS product may be useful in future


• MODIS SCA  Assimilation Underway
– Assimilation methodology (e.g. Snow17-MODIS SCA “operator”) derived and 


implemented
– Direct Insertion assimilation coded into LIS 5 confirms conceptually with 


SNOW17 and updates up to 22 other states (i.e., retrieval algorithm follows 
model conceptuality).


– Formulated another improved ‘guided’ & time-distributed direct insertion 
assimilation.


– Improved MODIS upscaling method coded into LIS 5
– Surface and subsurface flow sensitive to MODIS SCA assimilation and SNOW-


17 SI parameter
– Steamflow evaluation underway for 1999-2002 Carson case


Improving NOAA/NWS River Forecast Center Decision Support with NASA Satellite and Land Information System Products 
(GSFC)


Summary







Improving NOAA/NWS River Forecast Center Decision Support with NASA Satellite and Land Information System Products 
(GSFC)


Additional Slides Follow







Cloud-Gap-Filled (CGF) Product
•Start with MOD10C1 (daily snow cover at 5-km resolution with 
fractional snow cover (SCF))


•The CGF map is made from the MOD10C1 product using SCFs 
from 20 – 100%


•Algorithm tracks the day of the surface observation


•Each cell is given a cloud-persistence count (CPC) to allow the 
user to gauge the confidence associated with the age of the snow 
decision at each grid cell


•CPC represents the number of consecutive days of cloud 
obscuration since the last view of the surface


•When a view of the surface is obtained after one or more days of 
cloud cover, the CPC is reset to zero for that grid cell


The cloud-cover data from MOD10C1 are used to determine if a cell is cloud obscured.  If cloud cover is ≥80% then the cell is classified as 
“cloud covered.”







Cloud-Gap-Filled (CGF) MODIS Daily Snow-Extent Map


(CPC) in days







Comparison of CGF maps (left) and standard MODIS 
daily snow maps using a CPC = 3 (right)







Date % snow - MOD10C1 % snow  - CGF 


5 Feb. 39.56 63.99


6 Feb. 40.04 66.74


7 Feb. 40.73 64.76


The percentage of snow observed is compared using the standard MODIS daily 
snow map, MOD10C1, and the CGF map when CPC = 3 days, February 2008, 
for the maps in North America shown in previous slide.


Percentage of Snow Observed







Improving NOAA/NWS River Forecast Center Decision Support with NASA Satellite and Land Information System Products 
(GSFC)


We CANNOT at current time. But, AMSRE SWE has potential, because discrepancies result 
from (1) comparisons made on different spatial scales (e.g., point-to-area), (2) land surface 
complexities within AMSRE footprints, and (3) temporally frequent snowmelt processes in 


the western United States where climate is warmer and snow pack is wetter. 


Can we assimilate AMSR-E SWE in CA/NV?
MODIS Derived Snow Cover Area (SCA) in Data Assimilation







Improving NOAA/NWS River Forecast Center Decision Support with NASA Satellite and Land Information System Products 
(GSFC)


MODIS SCA retrieval errors can be quantitatively predicted by 
temperature. 


Both in-situ daily mean air temperature and MODIS LST data 
are both good proxies for predicting MODIS SCA retrieval errors. 


The cumulative double exponential distribution function can be 
used to predict the MODIS SCA errors from temperature with 
parameters that are a function of temperature source and 
location. 


The land surface factors do show some contributions to SCA 
error sources, such as elevation, roughness, landcover, and 
forest fraction. However, these land surface factors show slight 
influence to the relationship between the MODIS SCA retrieval 
errors and temperature.


MODIS Derived Snow Cover Area (SCA) in Data Assimilation


MODIS Snow Cover Data V&V Summary





		Slide Number 1

		Slide Number 2

		���Improving NOAA/NWS River Forecast Center Decision Support with NASA Satellite and Land Information System Products���Goddard Space Flight Center�(GSFC)��

		GSFC Project Objectives and Accomplishments�

		Integration of NWSRFS Components into LIS�

		Initial Software V&V

		Software V&V Issues

		Additional Software V&V

		Data used in MODIS SCA V&V��

		Slide Number 10

		Assimilating MODIS Snow Cover into SNOW-17�

		MODIS SCA Assimilation Experiments

		MODIS SCA Assimilation Experiments

		MODIS SCA Assimilation Experiments

		MODIS SCA Assimilation Experiments

		Summary

		Additional Slides Follow

		Slide Number 18

		Slide Number 19

		Slide Number 20

		Slide Number 21

		Slide Number 22

		Slide Number 23






Project Nile:Project Nile: 
Distributed hydrological information for Distributed hydrological information for 


water management in the Nile basinwater management in the Nile basin


Ben Zaitchik –


 


JHU
Shahid Habib –


 


NASA/GSFC
Martha Anderson –


 


USDA
Victor Koren –


 


NOAA
Mutlu Ozdogan –


 


U. Wisconsin
Fritz Policelli –


 


NASA/GSFC
Matt Rodell –


 


NASA-GSFC


Eric Viala –


 


USAID
Abdulkarim Seid –


 


Nile Basin Initiative
Aaron Salzberg –


 


U.S. Dept. of State
N. Harshadeep


 


–


 


The World Bank







BackgroundBackground


•
 


The Nile Basin Initiative (NBI): a 10 
nation partnership devoted to 
cooperation in resource management 
in the Nile Basin.


•
 


The Nile Basin Decision Support 
System (NBDSS): An NBI initiative 
“to enhance capacity to support basin 
wide communication, information 
exchange, and to identify 
transboundary


 
opportunities for 


cooperative development of the Nile 
Basin water resources.”


Lower Nile


Upper
Nile


Blue
Nile


White
Nile


Lake
Victoria


Lake
Nasser







Project MotivationProject Motivation


•
 


Lack of reliable hydrometeorological data is a 
primary limitation on the NBDSS.


•
 


Existing NASA tools can provide spatially complete 
hydrometeorological data for the entire Nile basin


•
 


In Project Nile, we will apply NASA observation and 
data assimilation tools in support of the NBDSS


•
 


Project priorities are determined in discussion with 
the NBI technical staff







Identified Nile Data PrioritiesIdentified Nile Data Priorities


•
 


Evaluation of the distributed water balance for input to Nile 
River routing models


•
 


Reliable land use / land cover maps at ≤
 


1km resolution


•
 


Improved precipitation estimates


•
 


Groundwater monitoring


•
 


ET monitoring at the regional scale







Addressing Nile Data PrioritiesAddressing Nile Data Priorities


•
 


Evaluation of the distributed water balance for input to Nile 
River routing models
 A Nile Land Data Assimilation System (Nile-LDAS)


•
 


Reliable land use / land cover maps at ≤
 


1km resolution
MODIS-based irrigation and land use maps


•
 


Improved precipitation estimates
Multiproduct precipitation comparisons


•
 


Groundwater monitoring
 GRACE data assimilation within Nile-LDAS


•
 


ET monitoring at the regional scale
 Nile-LDAS (prognostic) and USDA ALEXI (diagnostic)







Application to the NBDSSApplication to the NBDSS


Semi-distributed
hydrological model


Dynamic water budget and 
allocation model Resource analysis


Multicriteria analysis and 
optimizationScenario definition


Static Parameters: Topography,  
Soil Types, Watersheds
Atmospheric Data: Precipitation, 
Air Temperature, Wind speed, 
Incoming radiation
Management Parameters: Land 
cover, Crop type, Irrigation status


Routing 
information:
River Network
Reservoirs
Withdrawals


Water 
Allocations


Socio-
economic and 
environmental 
parameters


Sectoral, spatial, 
temporal and 


frequency 
distribution of 
benefits and 


impacts


Hydrological 
states and 


fluxes


Information Management System


Model System


Analysis System


* *


*


*







Earth System Models


NASA Nile Land Data 
Assimilation System (Nile LDAS): 
optimal estimates of land surface 
states and fluxes at 5km resolution, 
produced through integration of 
physically-based land surface 
models and Earth Observations 
using advanced data assimilation 
techniques 


USDA Atmosphere-Land 
Exchange Inverse (ALEXI): 
Thermal infrared-based algorithm 
for remotely sensed estimates of ET 
and drought stress 


Earth System Models


NASA Nile Land Data 
Assimilation System (Nile LDAS): 
optimal estimates of land surface 
states and fluxes at 5km resolution, 
produced through integration of 
physically-based land surface 
models and Earth Observations 
using advanced data assimilation 
techniques


USDA Atmosphere-Land 
Exchange Inverse (ALEXI): 
Thermal infrared-based algorithm 
for remotely sensed estimates of ET 
and drought stress


Value & Benefits
to Society


Improvements in the decision- 
making, decisions, and actions 
More reliable Nile river forecasts, 
to inform warnings for flood and 
low-flow periods 


Realistic water development and 
management plans, based on 
water balance assessment and 
trends 


Transparent accounting for water 
consumption in all Nile riparian 
nations 


Improved reservoir and 
hydropower management 


Quantitative and qualitative 
benefits from the improved 


decisions 
International cooperation in water 
management decisions 


Sustainable development of the 
Nile; improved regional stability 


More efficient power generation


Earlier and more effective 
distribution of flood/drought aid 


Informed communication on the 
relative impacts of climate and 
land use on water resources in 
the Nile basin 


A tool for climate change impacts 
analysis 


Value & Benefits
to Society


Improvements in the decision- 
making, decisions, and actions
More reliable Nile river forecasts, 
to inform warnings for flood and 
low-flow periods


Realistic water development and 
management plans, based on 
water balance assessment and 
trends


Transparent accounting for water 
consumption in all Nile riparian 
nations


Improved reservoir and 
hydropower management


Quantitative and qualitative 
benefits from the improved 


decisions
International cooperation in water 
management decisions


Sustainable development of the 
Nile; improved regional stability 


More efficient power generation


Earlier and more effective 
distribution of flood/drought aid


Informed communication on the 
relative impacts of climate and 
land use on water resources in 
the Nile basin


A tool for climate change impacts 
analysis


Predictions/Forecasts


Observations, 
Parameters & Products


Earth Observations


Land Cover: MODIS


Vegetation Index: MODIS


Surface Temperature: MODIS, 
Meteosat, GMAO Forecasts 


Terrestrial Water Storage (TWS) 
Anomalies: GRACE 


Precipitation: TRMM, AMSR-E, 
SSM/I, AMSU-B, NBI Gauges, 
GMAO Forecasts 


Surface Soil Moisture: AMSR-E 


Earth Observations


Land Cover: MODIS


Vegetation Index: MODIS


Surface Temperature: MODIS, 
Meteosat, GMAO Forecasts


Terrestrial Water Storage (TWS) 
Anomalies: GRACE


Precipitation: TRMM, AMSR-E, 
SSM/I, AMSU-B, NBI Gauges, 
GMAO Forecasts


Surface Soil Moisture: AMSR-E 


ROSES-2008   Water Resources:  Project Nile (PI Zaitchik)


Nile LDAS: prognostic 
evapotranspiration, surface 
and subsurface runoff, 
unconfined groundwater 
storage and recharge, soil 
moisture, water balance, 
surface radiation and 
energy fluxes. 


-in near-real time


-as seasonal projections for 
GMAO forecast inputs 


ALEXI: diagnostic ET 
provided in near-real time, 
at50km hourly (Meteosat), 
1km daily (MODIS), and 
high resolution (Landsat, 
ASTER) as needed 


Specific observations 
products or parameters 
feeding the DSS: 
-disaggregated GRACE 
TWS anomalies 


-Multi-sensor precipitation


-satellite-derived irrigated 
area and water use, and 
wetland area and ET 


Nile LDAS: prognostic 
evapotranspiration, surface 
and subsurface runoff, 
unconfined groundwater 
storage and recharge, soil 
moisture, water balance, 
surface radiation and 
energy fluxes.


-in near-real time


-as seasonal projections for 
GMAO forecast inputs


ALEXI: diagnostic ET 
provided in near-real time, 
at50km hourly (Meteosat), 
1km daily (MODIS), and 
high resolution (Landsat, 
ASTER) as needed


Specific observations 
products or parameters 
feeding the DSS:
-disaggregated GRACE 
TWS anomalies


-Multi-sensor precipitation


-satellite-derived irrigated 
area and water use, and 
wetland area and ET


Decision Support 
Systems, Assessments, 


Management Actions 
Nile Basin Initiative Decision 


Support System (NBDSS) 


Specific analyses to support 
the decision making 


1. Distributed estimates of 
runoff for input to river forecast 
systems. 


2. Identification of trends in 
water balance and 
groundwater levels, to identify 
unsustainable practices 


3. Prognostic and diagnostic 
maps of ET and water stress 
for the entire Nile basin, 
provided in near-real time. 


Specific Decisions / Actions
Flood warnings for the Blue 
Nile basin 


Agricultural supply and 
demand estimates 


Drought identification and relief 
actions 


Reservoir control throughout 
the Nile system 


Decision Support 
Systems, Assessments, 


Management Actions
Nile Basin Initiative Decision 


Support System (NBDSS)


Specific analyses to support 
the decision making


1. Distributed estimates of 
runoff for input to river forecast 
systems.


2. Identification of trends in 
water balance and 
groundwater levels, to identify 
unsustainable practices


3. Prognostic and diagnostic 
maps of ET and water stress 
for the entire Nile basin, 
provided in near-real time.


Specific Decisions / Actions
Flood warnings for the Blue 
Nile basin 


Agricultural supply and 
demand estimates 


Drought identification and relief 
actions 


Reservoir control throughout 
the Nile system







Benefits to NBIBenefits to NBI
Improved capacity to meet stated* NBDSS goals:


•
 


Provide a reliable  knowledge database 
•


 
Inform policy and strategic analyses and dialogues


•
 


Facilitate joint identification of development strategies
•


 
Enable rational decision making


•
 


Identify cooperative projects that provide mutual benefits
•


 
Evaluate impacts/benefits of alternative plans


•
 


Assess trade-offs and investment sequencing
•


 
Analyze trends and forecasts of the development of hot-spots


•
 


Provide baseline data and support for environmental 
management.


* From NBDSS Objectives document







Benefits to NASABenefits to NASA


•
 


An opportunity to assess NASA data products 
and assimilation tools in a climatically and 
hydrologically


 
diverse region.


•
 


Compelling application of NASA capabilities 
in support of sustainable development and US 
foreign policy priorities.







Proposed Work PlanProposed Work Plan
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http://www.nohrsc.noaa.gov/





Focus of Project
Adapt snow-related NASA observational and modeling 


 research results to be used at NOAA’s
 


National 
 Operational Hydrologic Remote Sensing Center with 


 their operational and critically important National Snow 
 Analyses (NSA) Decision Support Tool (DST) to improve 


water management decision support. 





 


Transition Research to Operations:    


NASA LIS  NOHRSC NSA-DST



 


Expand Capabilities of NSA-DST through:



 


Additional Variables/Products



 


Multi-model Approach
9/17/2009 2







Focus of Project


Integrated Systems Solutions (ISS) Diagram


6/4/2009
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NOHRSC National Snow 
 Analyses Decision Support 


 Tool (NSA‐DST)
NOAA’s NSA is a critically important DST and widely 
used to make operational decisions for agricultural 
production, water resource management, hazard 
mitigation and mobility assessment, and SNODAS is a 
major part of NSA-DST.


9/17/2009 4NASA PI Meeting







NOHRSC NSA‐DST
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Example NSA 
 Output


Automated Model 
Discussion:
March 2, 2009


Area Covered By Snow: 
59.5%


Area Covered Last 
Month: 7.9%


Snow Depth Average: 
1.8 inches (for region)


Snow Water Equivalent 
Average: 0.3 inches


Latest Snow Depth: March 2, 2009Latest Snow Depth: March 2, 2009
6/4/2009 6







NOHRSC NSA‐DST



 
The NWS Alaska-Pacific River Forecast Center, an 
operational end-user of the NSA-DST, will help evaluate 
the results of this project. 





 
NOHRSC plans to expand its operations beyond snow to 
include other hydrologic variables (e.g., soil moisture, 
runoff, etc.)





 
NASA’s Land Information System (LIS) provides a path 
to produce the additional required information plus 
enable multi-model  ensemble predictions to enhance 
the NSA-DST.  


9/17/2009 7NASA PI Meeting







Project Objectives
Year 1: 


- Transfer NASA’s Land Information Systems (LIS) software to 
operations at NOHRSC to expand NSA-DST capabilities 


Year 2-3:


- Enable multi-model LIS ensemble short-term prediction 
capabilities at NOHRSC


- Perform Observation Sensitivity Experiments (OSEs) to 
optimize the use of NASA satellite snow products (e.g., MODIS, 
AMSR-e) in LIS and its suite of land surface models


- Evaluate the impact of NASA products in the NWS Alaska- 
Pacific RFC region.


9/17/2009 8NASA PI Meeting







Year 1 Tasks



 
Configure and run simulations of different LIS models at 
NOHRSC over Alaskan domain, with mirrored runs at CREW





 
Benchmark LIS at both centers over selected Alaska domain 
for a defined time period





 
Use benchmark simulations as metrics for researching and 
acquiring identical computer hardware systems at both 
centers to conduct years 2 and 3 research and operational 
applications 





 
Set up operational LIS runs at NOHRSC, where output will be 
processed and provided to the  NWS RFC in Alaska


9/17/2009 9NASA PI Meeting







Alaska Domains
Larger Alaska Domain


* Subsetted Alaska Domain (box inside plot)
(GTOPO30 ~1km Elevation Parameter)


Subset grid represents ~ 2% of CONUS9/17/2009 10







Collaborating with NASA/GSFC



 


Establish collaborative efforts between CREW, NOHRSC and 
the LIS Team at NASA/GSFC – Leverage efforts and identify 
mutual interests and synchronize code versions





 


Work with NASA’s LIS Team to commit project-supported 
code back to NASA to ensure legacy of work





 


Coordinate with NASA LIS Team and other NASA 
researchers for implementation and collaboration on data 
assimilation research and code 


9/17/2009 11NASA PI Meeting







Year 1
 


–
 


Transferred LIS 
 Knowledge and Performed 
 Benchmark Runs





 
Installed LIS and Library Software



 


Ensured similar hardware, compilers, software 
versions, etc. at both locations





 
Set up and Ran ~1 km Benchmark Model Runs





 
Used GDAS Forcing for Benchmark Runs



 


Downscaled to LIS 0.01 degree (~1 km) resolution





 
Benchmarking over Alaska subdomain





 


End-to-end prototype testing for eventual expansion to 
continental US (CONUS) before end of project


9/17/2009 12NASA PI Meeting







LIS‐based Noah LSM


Topography,
Soils


Land Cover, 
Vegetation 
Properties


Meteorology 
(GDAS, NAM)


SnowSnow
(MODIS, AMSR-e)


Soil Moisture
Temperature


Land Surface Models 
(Noah,Mosaic,CLM,CLSM,etc..)


Data Assimilation Modules
(DI, EnKF)


Snow Snow 
PropertiesProperties


(SWE, snowmelt,etc)


Evaporation


Runoff


Soil 
Moisture & 


Temperature 


Inputs Model Outputs 
Produced at NOHRSC


LSM Physics


Hydrological
Forecasts


Water 
Resources


Management


Natural 
Hazards


Agricultural 
Planning


Applications 
of Processed 


Output to End- 
Users


LIS Components and Outputs to End‐Users
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LIS Benchmark Results



 
Comparison of the two mirrored runs:



 


To ensure same result for future NASA data inputs





 


End of 3-month simulation (using same initialization 
and forcing)


CREWCREW’’ss
RunRun


(mm)(mm)


Difference Difference 
in Runsin Runs


NOHRSCNOHRSC’’ss
RunRun


April 1, 2006 
(00Z)
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Snow Data Assimilation (SDA) 
 Work


Goals:
Assimilate remotely sensed snow products (e.g., MODIS  snow 
cover) into LIS to obtain more accurate snow water equivalent (SWE) 
analyses


Evaluate DA approaches (e.g., direct insertion (DI), Kalman filter 
(EnKF), etc.) as to which may provide best “trade-off” for improving snow 
state analyses, like SWE, while giving best computational efficiency


Leveraging from existing Snow DA Work (NOAA Project):
Using EnKF to complementarily assimilate both remotely-sensed snow cover 
fraction (SCF) and SWE, and is applicable for use in practical large-scale, 
high-resolution land-surface applications










 
NASA Snow Products 


 
Data Assimilation 
Methods:



 


Direct insertion (DI), 



 


Ensemble Kalman Filter (EnKF) 
– e.g., 1-dimension (1D)





 


Aqua AMSR-e Snow water 
equivalent





 


Terra/Aqua MODIS Snow 
cover fraction (SCF)


6/4/2009 16


AMSRAMSR
SWESWE


MODISMODIS
SCFSCF


(3/15/2003)(3/15/2003)


(mm)


(%)


North Park, CONorth Park, CO


(Arsenault et al., 2009)







Observing System Experiments 
 (OSEs)


Setting Up observational test beds to test and validate different NASA 
satellite snow products, LIS LSM configurations, and snow DA 
algorithms


Validation of MODIS and AMSR snow 
products 


Evaluate LIS LSMs, forcing, etc. for 
Alaska test areas


(SNOTEL Sites)(SNOTEL Sites)







Work Plan – 2nd  Year



 


Implement LIS forecast modeling capabilities at NOHRSC and 
CREW – Ongoing “Mirror” runs





 


Generate land surface model ensembles (Noah, CLM2, and 
Mosaic, for now) – Running Noah and CLM2 currently





 


Migrate to using LIS-6 code for the project at both CREW and 
NOHRSC





 


LSM initialization and spin-up evaluations for both real-time and 
forecast modes





 


Help provide and transfer data assimilation knowledge and 
certain capabilities (e.g., 1-D EnKF, etc.)
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Work Plan – 2nd Year (cont’d)



 


Set up Observing System Experiments (OSEs) for Alaska areas to 
test and evaluate:



 


LIS LSM baseline simulations (e.g., Noah, CLM, etc.)



 


Meteorological forcing inputs (e.g., NAM, GDAS)



 


NASA satellite-derived snow products (e.g., MODIS snow cover)



 


LIS LSM simulations with assimilated snow observations 





 


Define Benchmark Metrics:  Involving Alaska-office NWS River 
Forecasting Center (RFC)





 


Evaluate real-time and retrospective simulations mainly during the 
melt-season for select Alaska regions (e.g., data-rich areas)





 


Evaluate DA Systems for select Alaska regions





 


Modify LIS ~1 km grid for Alaska (i.e., narrowing of longitudes)
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Implementation of Forecast Implementation of Forecast 
 Capability for ProjectCapability for Project





 
North American Mesoscale (NAM) 
Forecast Data – Operational 



 


Forcing dataset (at ~11 km) selected for 
this project





 


To be used in operational LIS 
simulations for Alaska domain


NAM Initial Snow Depth


NAM 2m Air Temperature
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Real-time:  36 Fraser Minimet Sites    
running in near real-time; available at:


http://crew.iges.org/clpxmm


Fraser, CO MiniMet Area (CLPX): ValidationFraser, CO MiniMet Area (CLPX): Validation


Archive:  Data span from 2002-present 
and are being quality-controlled for 
future model and DA validation efforts


(sample plot from webpage)







Work Plan – 3rd Year



 


Additional OSE Testbeds outside of Alaska – other CONUS 
regions (e.g., CLPX sites in Colorado, SNOTEL and other in-situ 
networks in Western U.S., Eastern U.S., etc.)





 


Implement parallel computing approach for handling all of 
CONUS domain for running 1km LIS and LSM ensembles and 
forecasts





 


Implement near real-time data assimilation of the NASA satellite 
products and incorporate into the daily ensemble model forecasts





 


Further evaluation and enhancements of real-time and forecast 
runs





 


Reporting and presenting results from work 
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Summary



 


With Year-1 prototype benchmark successful, both CREW and 
NOHRSC in ideal position to implement and test NASA’s 
modeling, observations and data assimilation capabilities 





 


Running LIS operationally at NOHRSC and processed output 
provided to NWS RFC end-users





 


Implementing forecast ensemble model runs 





 


Leveraging other CREW data assimilation research





 


Perform OSEs in Alaska and other CONUS regions





 


Full CONUS Implementation
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http://www.nohrsc.noaa.gov/
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Improving water resources management in 
the western U.S. through use of remote 
sensing data and seasonal climate forecasts







Project objectives


Assess the potential for NASA remote sensing 
data to improve the performance of water supply 
forecasts for water management decisions.
– Remote sensing snow cover extent products used in 


prediction of snowmelt runoff processes for reservoir 
and other water management decisions. 


– Satellite-based evapotranspiration (ET) data for crop 
water use estimation


– Primary partner is CA Department of Water 
Resources







MODIS Snow Cover for Water Supply Prediction


Aqua Terra


(NASA)


Snow Data


UW Hydrological Forecast System


Snowpack Initial Condition


Reservoir Regulation







Snow stations and MOD10A1 


Data availability: the percentages of the 
total stations or pixels for which snow data 
was available


Winter


Summer
Snow Stations


MOD10A1


Classification fraction: the percentages 
of the total days for which MOD10A1 
was either snow covered or snow free, 
and the station observation was present. 


Snow stations are from SNOTEL and the 
California Cooperative Snow Surveys network


Feather River
Oroville Reservoir


Southwest


Northwest







Evaluation of MODIS snow cover
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Misclassification fraction: the percentages of the total days/stations for which 
MOD10A1 did not match the station observation. 


ablation 
accumulation 







Snow cover areal (SCA) 


SCA: snow cover percentage of total area in the Feather River basin, California.
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Ablation periodAblation period


Ablation periodAblation period







Predicted Streamflow at Oroville Reservoir


Overestimated 
(without MODIS) 


Improved 
(with MODIS)


outlier


Year: 2000-2008







Retrospective streamflow forecasts 
Mean Absolute Error (MAE) 
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TwoTwo--week forecastsweek forecasts


Seasonal forecastsSeasonal forecasts


Year: 2000-2008


Year: 2000-2008 Seasonal forecast: streamflow 
forecasts from forecast date 
through July 31


Two-week forecast: two-week 
lead-time streamflow forecasts


Inclusion of MODIS data reduced 
forecast errors in 70% of the two- 
week forecasts and 85% of the 
seasonal forecasts in the ablation 
period. 


Inclusion of MODIS data reduced 
forecast errors in 70% of the two- 
week forecasts and 85% of the 
seasonal forecasts in the ablation 
period. 







Hybrid statistical-dynamical seasonal runoff forecasts


• Can model-simulated 
snow states and MODIS 
SCA data be adapted to 
the regression-based 
forecasting system used 
by California’s Department 
of Water Resources? 


• Study focused on 14 
watersheds located in the 
Sacramento River (blue(blue), San                
Joaquin River (green)(green), and Tulare Lake
(red)(red) hydrologic regions, which together 
are responsible for ~60% of the state’s runoff.


Upper SacramentoUpper Sacramento
FeatherFeather
YubaYuba
AmericanAmerican


CosumnesCosumnes
MokelumneMokelumne


StanislausStanislaus
TuolomneTuolomne


MercedMerced
San JoaquinSan Joaquin


KingsKings
KaweahKaweah


TuleTule
KernKern







Potential Benefits


• Improve forecast skill by enhancing the spatial 
representation of snow states.


• Alleviate pressure to 
conduct labor-intensive 
snow surveys.


• Provide the ability to 
generate forecasts late
in the melt season, when 
even high-elevation snow
sensors are laid bare, 
but forecasts are 
nonetheless valuable.


MODIS image on Jun 3, 2006… 
snow indicated in white, 
clouds indicated in blue.


FeatherFeather


AmericanAmerican


TuolomneTuolomne


MercedMerced







Hybrid statistical-dynamical seasonal 
runoff forecasts – Feather River, CA
•CA DWR’s forecasts for April-July runoff rely on manual measurements 
of SWE at snow courses throughout each watershed (left, for the 
Feather).
•Problems can occur late in the year when snow remains at high 
elevations, but not at snow course
•Possible approach is to regress seasonal flow on VIC-simulated SWE 
(whicn includes high elevations where snow remains) rather than 
observed SWE (right).  
•Currently 1/8 degree; higher resolution (1/16°) in progress.







Preliminary Results… Sacramento River
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mean annual flow (shown in parentheses).
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Preliminary Results… San Joaquin River
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• Skill compared in plots of 10th and 90th percentiles 
of resulting residuals, provided as a percentage of 
mean annual flow (shown in parentheses).


• Green = modelGreen = model--based,based, black = groundblack = ground--based.based.
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Preliminary Results… San Joaquin River
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• Skill compared in plots of 10th and 90th percentiles 
of resulting residuals, provided as a percentage of 
mean annual flow (shown in parentheses).


• Green = modelGreen = model--based,based, black = groundblack = ground--based.based.
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Preliminary Results… Tulare Lake
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• Skill compared in plots of 10th and 90th percentiles 
of resulting residuals, provided as a percentage of 
mean annual flow (shown in parentheses).


• Red = modelRed = model--based,based, black = groundblack = ground--based.based.
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Backward extension in time – pre-MODIS


• Greatest obstacle is lack of 
long-term satellite data to 
develop climatology:


- MODIS data goes to 1999 only
- AVHRR data considered 


“meteorological” and not well archived
- NESDIS maintains a SCA record dating 


back to 1966, but its resolution is too 
coarse.


- NOHRSC has 1 km SCA records from 
the late 1980s, but data are sporadic 
and generated by evolving set of 
algorithms.


The Terra satellite (top), 
launched in Dec 1999, 
and the Aqua satellite, 
launched in May 2002.







Land Long-Term Data Record


• Recent NASA project to produce a prototype climate 
data record from AVHRR and MODIS instruments:
Pedelty J, Devadiga S, Masuoka E, Brown M, Pinzon J, Tucker C, Roy D, 


Ju J, Vermote E, Prince S, Nagol J, Justice C, Schaaf C, Liu J, Privette J, 
Pinheiro A (2007) Generating a long-term land data record from the 
AVHRR and MODIS instruments. 2007 IGARSS, July 23–27, Barcelona


• 0.05° (~4 km) AVHRR data (1981–1999); will include 
year of AVHRR from 2000s for calibration w/ MODIS







Snowcode


• Estimates daily snow cover, including periods of 
cloudy conditions by temporal filtering and 
interpolation:
Zhao H, Fernandes R (2009) Daily snow cover estimation from Advanced 


Very High Resolution Radiometer Polar Pathfinder data over Northern 
Hemisphere land surfaces during 1982–2004. J Geophys Res 
114(D05113):1–14


• Ongoing effort to apply snowcode to LTDR data, 
and extract fractional snow cover to match higher 
resolution of MODIS data.







Soil Parameters
Vegetation Parameters
Snow Elevation Bands


Precipitation
Maximum Temp. 
Minimum Temp.


Wind speed


Daily Input Data


UW Hydrological 
Forecast System


Variable Infiltration 
Capacity (VIC) Model


VIC snow Algorithm


Snow observations


National Water and 
Climate Center (NRCS ) 


SNOTEL SWE


California Cooperative 
Snow Surveys (CCSS) 


SWE


MODIS SCA Daily L3 
Global 500 m Grid 
(2000 - present)


AVHRR SCA


…...


 Westwide U.S. (1/8 degree)
 Feather Basin (1/16 degree)


Snow State 
Variables


SWE


Snow Depth


Snow 
Temperature


Snow Melt


Snow 
Sublimation


UW Remote Sensing Data Assimilation 
& Seasonal Climate Forecasts


Daily updating over the Western U.S.


UWSDAS Website: http://www.hydro.washington.edu/forecast/rsda/


UWSDAS leverages heavily from the University of Washington’s west-wide 
hydrologic forecast system.







Summary 
• Evaluations show that MODIS snow product has 


the greatest misclassified fractions during the 
ablation period and at the beginning of the snow 
accumulation period.


• VIC application with and without MODIS SCA 
updating showed that the greatest 
improvements occurred during the snow ablation 
season, with little to no improvement otherwise.


• Inclusion of MODIS data reduced forecast 
errors in 70% of the two-week forecasts and 
85% of the seasonal forecasts in the ablation 
period. 







Satellite-based ET for water management
Aqua Terra


MODIS GOES


Albedo
Emissivity  
Temperature 
Surface reflectance


Vegetation indices  
Land cover …


Hourly surface 
radiation budget 
(SRB) data


Land Surface Hydrology Research Group


UW Near-Real-time ET Estimation System


NDVI / LST


RS Window


Ts (LST)


VI (NDVI)


Tsoilmax


Tsoilmin, Ta


Tsoil


Nishida et al. (2003) Method
VI-Ts Diagram


The relationship between Vegetation 
Index (VI) and Surface Temperature 
(Ts) with a sufficiently large hydrological 
contrast is the basis for Nishida method.


Tang et al. (2009; J. Geophys. Res.)


Water management model


Irrigation 
withdrawal


Endangered 
Species


Drought 
Monitoring







Satellite-based Near-real-time ET


• Constant-EF hypothesis (EF=ET/Q;   Q: available energy)
EFinstantaneous = EFday


• Closest available data rule
For days when the retrieval data (Ts) is unavailable (mostly due to cloudy 
conditions), the data (Ts) for the closest available day is used instead.


• Time lag: 3 days to 1 week
The latency is controlled by release of the MODIS products. It could be 
reduced to about 2 days through use of MODIS Rapid Response products.


• Key features
The primary inputs (MODIS products and NOAA/NESDIS surface radiation 
budget products ) are available both near real-time and retrospectively.


Please see our poster (Tang and Lettenmaier, 2009) for more information.







Evaluation of MODIS ET
Bias: -7% for clear sky; -12% for all days
from April 1 to October 31, 2004 


Flux tower observed and satellite-based ETday at KL04 (an irrigated site)


KL04
Klamath, OR


Acknowledgement: flux tower data are from Oregon State University







MODIS ET vs Landsat ET


MODIS ET Landsat METRIC


Bias: ~1 mm/day


METRIC: Mapping Evapotranspiration at high 
Resolution and with Internalized Calibration 


KL04


KL03


Irrigated Irrigated 


Non-irrigated 


Klamath 
Reclamation 
Project







Crop water use and irrigation water use
Net irrigation consumption (NIC): 


NIC = ETactual - ETnatural


NIC 


ETactual


ETnatural


NIC (MODIS)
NIC (VIC)
Obs. Irrigation 


Time series of estimated NIC 
and observed net irrigation 
supply.


Dry year 
restricted 
irrigation 


Time series of MODIS ET, 
VIC simulated actual and 
natural ET for the irrigation 
areas of the Klamath 
Reclamation Project from 
2001 to 2005.







Impacts of agriculture on LakeImpacts of agriculture on Lake


LakeLake
Irrigation AreaIrrigation Area


Klamath ProjectKlamath Project


Irrigation (Irrigation (IrrIrr))


With With IrrIrr


Without Without IrrIrr


~0.5 m~0.5 m
water level  water level  


ObservedObserved


Upper Klamath Lake







Satellite-based ET Monitoring for Water Management


Upper Klamath Basin


Yakima Basin


Satellite-based ET monitoring in the Yakima Basin, WA 
(left) and Upper Klamath Basin, OR (right).







Crop Water Use Monitoring


Daily updating. 3 days to 1 week latency
Websites: 
U.S. http://www.hydro.washington.edu/forecast/rset_usa/
WA: http://www.hydro.washington.edu/forecast/rset_wa/
Satellite-based ET product from 2001 to 2008 over the continental United 
States are available at the U.S. website.







Summary
• A satellite-based near real-time ET approach for 


water management is illustrated.
• Applications of the satellite-based ET product 


show that NASA remote sensing data can help 
in improving reservoir/lake management and 
related water management in the western U.S.


• The retrospective and near-real-time ET 
products are ready to provide crop water 
consumption and irrigation water requirement 
information for USDA and Bureau of 
Reclamation.







Conclusions
• Our research has demonstrated substantial 


improvements in hydrological modeling and 
observations which are promising in Western 
water management. 


• It is urgent to transfer these research results into 
operations, and transfer the water and climate 
forecast information to water users such as 
USDA and Bureau of Reclamation. 


• The transition of these research results for water 
user, we can foresee, will have substantial 
potential for economic gains. 







Outreach and User Interactions


• Continued communication with CA DWR 
personnel to tailor MODIS products to their 
specific needs:


Art Hinojosa Chief of Hydrology Branch


David Rizzardo Chief of Forecasting Section


Adam Schneider Senior Engineer


Aaron Miller Senior Engineer


Boone Lek Senior Engineer


John King Senior Engineer


Steve Nemeth Senior Engineer







Current and Potential Users – Crop 
water use products


• Water management
– Decision support tool
– Agricultural impacts on lake
– Potential ET forecast
– Potential users


• Water budget study
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Decision support system for the USAID 
Office of Food for Peace (FFP)



 
FFP provides overseas emergency food aid



 
In 2008, 2.6 million metric tons worth over $2.6B



 
Provided to 56 million people in 49 countries



 


FEWS NET makes early identification of 
populations facing food insecurity



 
How many people?  Where are they?



 
When, and for how long, will they be food 
insecure?


Famine Early Warning Systems 
Network (FEWS NET)
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Famine Early Warning Systems 
Network (FEWS NET)
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Livelihood systems are predominantly based 
on subsistence crops or pastoralism



 
Water-limited agricultural systems



 
Main objective of FEWS NET monitoring and 
modeling is early identification of agricultural 
drought and food production anomalies



 
Inadequate ground station networks



 
Reliance on remote sensing since 1985


Famine Early Warning Systems 
Network (FEWS NET)
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SWE
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FEWS NET Land Data Assimilation 
System 



 
Characteristically data-sparse, with heavy 
reliance on satellite observations and 
atmospheric model analyses and forecasts



 
An instance of LIS specifically for the 
domains, data streams, and monitoring - 
forecast requirements of FEWS NET



 
Replace independent, piecemeal, legacy 
monitoring/forecast tools with an integrated, 
best-of-science hydroclimatic modeling 
framework with multiple land surface models







7


FEWS NET Land Data Assimilation 
System



 
Ready integration of gridded satellite 
observations and climate model forcings



 
Unified modeling solution for land surface 
variables (evapotranspiration - soil moisture - 
crop water balance, snow water equivalent, 
runoff, etc)



 
Multi-model ensemble runs will strengthen 
FEWS NET convergence of evidence approach, 
better represent uncertainty surrounding 
estimates of agro-climatic outcomes







8


Timor LesteA


B


Expanded FEWS Operational Priority Countries


Red – Current countries


Yellow – Weather/crop outcomes AND availability/access  monitoring


Green – Weather/crop outcomes


C
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Thank you





		A Land Data Assimilation for �Famine Early Warning

		Famine Early Warning Systems Network (FEWS NET)

		Famine Early Warning Systems Network (FEWS NET)

		Famine Early Warning Systems Network (FEWS NET)

		Slide Number 5

		FEWS NET Land Data Assimilation System 

		FEWS NET Land Data Assimilation System

		Slide Number 8

		Thank you






September 17-18, 2009 NASA Water PI Meeting: Koster 1


Development of a Robust Drought Index for 
Agricultural Applications


NASA:  Randal Koster, Greg Walker, Yogesh Sud
NCEP connections:  Douglas Le Comte, Kingtse Mo
Acknowledgments: Sarith Mahanama, Siegfried Schubert, 


numerous others...
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Outline


1.Processing of GMAO seasonal forecasts


2.Other drought-related work:


a. Drought and warm periods


b. Forecast results from GLACE-2


c. Snow and water resources
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Aim of NASA/Applications project: To process existing 
seasonal weather forecasts from the NASA/GMAO seasonal 
forecast system into a form useful to those interested in the 
monitoring and prediction of drought.


 To make NASA/GMAO drought-related forecast
products relevant and accessible to end users, 
through established channels.


1.Processing of GMAO seasonal forecasts
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Why this is important:
NASA/GMAO combines modeling expertise with extensive satellite data to 
produce, every month, forecasts (out to a year) of critical climate variables:


-- Precipitation
-- Temperature
-- Soil moisture
-- (etc.)


These forecasts have substantial intrinsic value but are under-utilized by the 
applications community.  For drought applications, this is mostly because:


(i) The data are not processed into a useful form, and
(ii) The value (uncertainty) of the drought-relevant data has 


not been quantified.







September 17-18, 2009 NASA Water PI Meeting: Koster 5


We link to extensive drought monitoring activities 
at NOAA through Dr. Kingtse Mo, who is plugged 
into Drought Monitor deliberations. 


Applications pathways


We link to the Drought Outlook 
through Dr. Doug Le Comte at NOAA.
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Sample contribution of NASA seasonal forecast products


Forecasts have been 
provided regularly to 
NOAA drought leads 
since mid-July, 
2008.
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Example of model forecast skill evaluation
(root zone soil moisture, relative to model-derived“truth”)
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Evaluating soil moisture forecast skill against “model-derived truth” is a 
necessary evil, since relevant arrays of soil moisture observations do not 
exist.


With an offline system, however, we can isolate the impacts of forecasted 
precipitation and air temperature on skill.


Constructed this last summer:  “offline” version of forecast system that uses 
forecasted precipitation and air temperature values from full system.


Realistic land 
surface initial 


conditions 
(global array)


Forecasted soil 
moisture 


conditions 
(global array)


Apply forecasted P, T


(These correctly match 
soil moisture results 
from full system.)
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Realistic land 
surface initial 


conditions 
(global array)


Forecasted soil 
moisture 


conditions 
(global array)


Apply forecasted P, T


Realistic land 
surface initial 


conditions 
(global array)


Forecasted soil 
moisture 


conditions 
(global array)


Apply Climatological P, T


(Skill from forecasted P and T and 
from model’s soil moisture memory.)


(Skill from model’s soil 
moisture memory alone.)


Subtracting the skill values provides the contribution from the forecasted P and 
T values.  Our analysis is proceeding...


Now that we have a working offline system, we can perform key experiments...
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Realistic land 
surface initial 


conditions 
(global array)


Forecasted soil 
moisture 


conditions 
(global array)


Apply Transforms of 
forecasted  P, T


(Improvements in skill!)


Also: skill improvements through transformed forecasts


One look at skill 
improvements.  Again, 
analysis is proceeding.
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Outline


1.Processing of GMAO seasonal forecasts


2.Other drought-related work:


a. Drought and warm periods


b. Forecast results from GLACE-2


c. Snow and water resources
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-2.4 -1.8 -1,2 -0.6 0. 0.6 1.2 1.9 2.4 3.-3.


Obs: T Anomaly (oK) for Driest Decile


In some regions, 
droughts   lower evaporation rates  higher temperatures


In other regions, this doesn’t happen.  We have performed an 
extensive analysis of the hydroclimatological controls over this 
phenomenon.  (Koster et al., J. Climate, 22, 3331-3341, 2009)


From historical 
observations: where JJA 
meteorological droughts 
tend to lead to positive 
JJA temperature 
anomalies
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US-CLIVAR Drought Working Group numerical experiments
Schubert et al., J. Climate, in press


Warm Pacific tends to 
promote wetter conditions 
in central U.S.


Cold Pacific tends to 
promote drier conditions 
in central U.S.







September 17-18, 2009 NASA Water PI Meeting: Koster 14


Ability of meteorological drought to 
increase seasonal temperatures is 
amplified substantially for Cold Pacific.


Koster et al., J. Climate, in press
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Outline


1.Processing of GMAO seasonal forecasts


2.Other drought-related work:


a. Drought and warm periods


b. Forecast results from GLACE-2


c. Snow and water resources







GLACE-2


Perform 
ensembles of 
retrospective 


seasonal forecasts


Initialize land states
with “observations”, 


using GSWP approach 


Prescribed, observed 
SSTs or the use of a 
coupled ocean model


Initialize atmosphere 
with “observations”, via 


reanalysis


Evaluate P, T 
forecasts 
against 


observations


Series 1:


Overall goal:  Determine the degree to which realistic 
land surface (soil moisture) initialization contributes to 
forecast skill (rainfall, temperature) at 1-2 month leads.
International project involving multiple institutions.







Perform 
ensembles of 
retrospective 


seasonal forecasts


Initialize land states
with “observations”, 


using GSWP approach 


Prescribed, observed 
SSTs or the use of a 
coupled ocean model


Initialize atmosphere 
with “observations”, via 


reanalysis


Evaluate P, T 
forecasts 
against 


observations


Series 2:


“Randomize” land


initia
lization!







Step 3: Compare skill in two sets of forecasts; isolate 
contribution of realistic land initialization. 


Forecast skill,
Series 1


Forecast skill, 
Series 2


Forecast 
skill due to 


land 
initializatio 


n







Conditional skill: Suppose we know at the start of a forecast that the initial soil 
moisture anomaly (as measured by Z-score) in a selected region is relatively large? 


Observed 
temperature


(standard normal deviate)


Forecasted 
temperature


(standard normal deviate)


Compute r2 from only those 
points with those start dates.  
(Use all models together.)


Determine start dates for 
which |ZW | > .







0.1-0.1 0.2 0.3 0.4 0.50.-0.2-0.3-0.4-0.5


1-15 days


16-30 days


31-45 days


46-60 days


Temperature forecasts:  Increase in skill due to land initialization (JJA)
(conditioned on Z-score of initial soil moisture anomaly)


|ZW | >  |ZW | >  |ZW | > all points
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0.1-0.1 0.2 0.3 0.4 0.50.-0.2-0.3-0.4-0.5


1-15 days


16-30 days


31-45 days


46-60 days


Precipitation forecasts:  Increase in skill due to land initialization (JJA)
(conditioned on Z-score of initial soil moisture anomaly)


|ZW | >  |ZW | >  |ZW | > all points
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Outline


1.Processing of GMAO seasonal forecasts


2.Other drought-related work:


a. Drought and warm periods


b. Forecast results from GLACE-2


c. Snow and water resources
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Snow over wet soil: 
most spring snowmelt 
water runs off into 
streams, reservoirs


Snow over dry soil: most 
spring snowmelt water 
infiltrates the soil and is 
lost to water resources


 Knowledge of soil moisture in winter provides predictability / 
forecast skill for springtime streamflow.
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Experiment: 
1. Perform multi-decadal offline simulation; generate synthetic truth.
2. Repeat, knowing only soil moisture and snow conditions on January 1.
3. Repeat, knowing only snow conditions on January 1.


Shown here are the r2 values produced when forecasted springtime runoff 
values are correlated against the synthetic truth values.


0.
.1


0
.2


8
.1


8
.3


8
.4


8
1.


.0
1


.0
7


.1
8


.1
3


.2
4


.3
0


Runoff prediction skill
(Known: snow & soil moisture)


Runoff prediction skill
(Known: snow only) Differences


Experiment 1 Experiment 2


(Note: additional skill may be possible if our seasonal forecasts of rainfall and temperature 
during January - May have skill.)


soil moisture 
knowledge 
adds skill!
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Such results are not limited to comparisons against synthetic truth.
They also hold when predictions are compared to independent stream gauge 
measurements!


Wintertime soil moisture data can contribute to springtime streamflow prediction!


1


1


22


Basins for which naturalized multi- 
decadal streamflow data are available.
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Summary of Drought Work


1. Soil moisture forecasts generated by the NASA/GMAO seasonal 
forecasting system are being analyzed, evaluated, and 
transformed for integration into U.S. Drought Monitor and 
Drought Outlook activities.


2. The relationship between meteorological drought and 
anomalously warm periods has been evaluated in the context of 
hydroclimatological controls and SST regime.


3. GLACE-2, an ongoing international project, is starting to show 
conditional skill in the forecasts of precipitation and (especially) 
air temperature at 1-2 month leads.


4. Seasonal forecasting of water resources availability (streamflow) 
in snow-covered areas is enhanced by knowledge of soil 
moisture conditions during winter.
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Integrating Enhanced GRACE Water Storage Integrating Enhanced GRACE Water Storage 
Data into the U.S. and North American Data into the U.S. and North American 


Drought Monitors Drought Monitors 


M. Rodell1, R. Houborg1,2, B. Li1,3, J. Lawrimore4, 
R. Heim4, M. Svoboda5, B. Wardlow5, B.F. 


Zaitchik6, R. Reichle1, J.S. Famiglietti7


1NASA’s Goddard Space Flight Center (GSFC), Greenbelt, MD
2Earth System Science Interdisciplinary Center, College Park, MD


3Science Applications International Corporation, Greenbelt, MD
4NOAA's National Climatic Data Center, Asheville, NC


5National Drought Mitigation Center, University of Nebraska, Lincoln, NE
6Johns Hopkins University, Baltimore, MD


7University of California, Irvine, CA
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Problem Statement: Current generation of drought monitoring 
products rely heavily on precipitation indices and subjective reports, 
and lack objective information on water storage in/on the land surface


Hypothesis: Drought conditions can be identified more accurately 
and objectively through the incorporation of GRACE derived water 
storage variations which have been disaggregated, downscaled, and 
extrapolated via data assimilation


Team: 


• NASA/GSFC: Matt Rodell (PI), Rasmus Houborg, Bailing Li, Rolf 
Reichle


• NOAA/NCDC: Jay Lawrimore, Richard Heim


• U. Nebraska/NDMC: Mark Svoboda, Brian Wardlow


• NOAA/NCEP: Rich Tinker, Matt Rosencrans


• UC Irvine: Jay Famiglietti


Project SummaryProject Summary
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US and North American Drought MonitorsUS and North American Drought Monitors


• Two of the premier drought monitoring products (1st Google result for “drought”)
• End users: farmers, water resources decisionmakers, state climatologists, 
disaster aid providers, agricultural commodities interests
• USDM and NADM rely heavily on precipitation indices
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Data Integration Within a Land Data 
Assimilation System (LDAS)


INTERCOMPARISON and 
OPTIMAL MERGING of 


global data fields


Satellite derived meteorological 
data used as land surface model 
FORCING


ASSIMILATION of satellite based land 
surface state fields (snow, soil moisture, 


surface temp, etc.)


Ground-based observations used 
to VALIDATE model output


SW RADIATION


MODIS SNOW COVER


PRECIPITATION


SNOW WATER EQUIVALENT
Matt RodellMatt Rodell
NASA GSFCNASA GSFC







Matt RodellMatt Rodell
NASA GSFCNASA GSFC


Soil MoistureSoil Moisture
Snow, Ice, RainfallSnow, Ice, Rainfall SnowSnow


VegetationVegetation
RadiationRadiation


Remote Sensing of the Water CycleRemote Sensing of the Water Cycle


Aqua: 
MODIS, 
AMSR-E, 
etc.


GRACE


GRACE is 
unique in its 
ability to 
monitor water at 
all levels, down 
to the deepest 
aquifer


Traditional 
radiation-based 
remote sensing 
technologies 
cannot sense 
water below the 
first few 
centimeters of 
the snow- 
canopy-soil 
column
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Science Goal:Science Goal: High resolution, mean and High resolution, mean and 
time variable gravity field mapping for time variable gravity field mapping for 
Earth System Science applicationsEarth System Science applications


Instruments:Instruments: Two identical satellites Two identical satellites 
flying in tandem orbit, 215 km apart, flying in tandem orbit, 215 km apart, 
~485 km altitude~485 km altitude


Key Measurements:Key Measurements: Location and Location and 
distance between two satellites tracked by distance between two satellites tracked by 
GPS and high precision microwave GPS and high precision microwave 
ranging systemranging system


Gravity Recovery and Climate ExperimentGravity Recovery and Climate Experiment
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GRACE Intersatellite RangingGRACE Intersatellite Ranging
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Terrestrial Water Storage VariationsTerrestrial Water Storage Variations


TWS variations are dominated by:


Soil moisture in temperate regions;


Snow in polar and alpine regions;


Surface water in wetlands.


Top: 23 year time 
series of snow, soil 
moisture, and 
groundwater storage in 
Illinois, USA (right)
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Updated from Rodell and Famiglietti, WRR, 2001, by L. Gulden (U. Texas)
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• LSMs simulate the terrestrial water cycle, but accuracy is limited by 


- quality of the input forcing and parameter data 


- model developers’ understanding of the physics involved


- simplifications necessary to simulate physical processes economically 


• Value of GRACE observations for hydrology is limited by


- low spatial and temporal resolutions; product latency


- lack of info on vertical distribution of observed mass changes


• Data assimilation can harness the advantages of each:


- LSMs provide physically consistent, high resolution output; run up to near- 
real time driven by other data 


- GRACE and other observations anchor the results in reality


- DA incorporates error information to ensure optimal blending


GRACE Data Assimilation: MotivationGRACE Data Assimilation: Motivation
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GRACE Data AssimilationGRACE Data Assimilation


BBBB


Catchment 
LSM spatial 


elements 
(average size 


~2,500 km2)


BB
 AAAA


GRACE 
observation 
scale: river 


basins (200,000 
– 1,000,000 km2)


Catchment LSM (Koster et al., 2000)


three snow layers
surface excess
root zone excess
“catchment deficit”
soil moisture
groundwater


z


degree of saturationdegree of saturation


Data assimilation enables spatial and temporal downscaling and vertical decomposition of GRACE 
derived terrestrial water storage into groundwater, soil moisture, and snow.
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GRACE water storage, mm
January-December 2003 loop


Model assimilated water storage, mm
January-December 2003 loop


Monthly anomalies  
(deviations from the 
2003 mean) of  
terrestrial wa ter 
storage (sum of  
groundwater, soil  
moisture, snow, and 
surface water) as an 
equivalent layer of  
water.  Updated from 
Zaitchik, Rodell, and 
Reichle, J. 
Hydromet., 2008.


GRACE Data AssimilationGRACE Data Assimilation


From scales useful for water 
cycle and climate studies…


To scales needed for water 
resources and agricultural 


applications
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Models separate snow, soil moisture, and groundwater; GRACE ensures accuracy.


Mississippi River basin


GRACE Data AssimilationGRACE Data Assimilation


Catchment LSM TWS


GRACE-Assimilation TWS


From a global, integrated observation
To application-specific water storage components


Snow Water Equivalent
Soil Moisture
Groundwater
Observed Groundwater
GRACE Total Water


Zaitchik, Rodell, and Reichle, 
J. Hydrometeorology, 2008.
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GRACE Data AssimilationGRACE Data Assimilation


Statistically significant improvement of groundwater estimates


r RMSE r RMSE skill
Mississippi 0.59 23.5 0.69 18.7 0.20


Ohio-TN 0.78 62.8 0.82 41.1 0.35
Upper Miss. 0.29 42.6 0.29 40.1 0.06


Red-Ark. / L.M. 0.69 30.9 0.72 26.5 0.14
Missouri 0.41 24.5 0.66 19.7 0.20


OL GRACE DA


Zaitchik, Rodell, and Reichle, J. 
Hydrometeorology, 2008.


OL = open loop (no data assimilation)
r = coefficient of correlation
RMSE = root mean square error (mm H2 O)
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• 60-year retrospective Catchment model simulation for 
background climatology – reconcile with GRACE DA results and 
current objective blend formulation


• 20-member ensemble simulations for open loop (OL) and data 
assimilation (DA) 2002-present


• GRACE “quick look” fields for timeliness


• Output soil moisture and groundwater fields introduced as rank 
percentiles to Objective Blends, which are the baseline for 
Drought Monitor products


Project SpecificationsProject Specifications


GRACE 
Obs


LDAS Drought 
MonitorData A


ssimilation Objective Blends
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•June 30 2005


•Indiana •Kentucky


•Massachusetts


•Pennsylvania•Oklahoma


•Kansas


Evaluation of Modeled Groundwater VariationsEvaluation of Modeled Groundwater Variations


LDAS groundwater storage
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•June 30 2005


• Illinois •Mississippi


•Idaho


•Montana


•West Virginia


•Georgia


Evaluation of Modeled Groundwater VariationsEvaluation of Modeled Groundwater Variations


LDAS groundwater storage
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Work with partners to determine formats for soil moisture and 
ground water percentile data to facilitate integration into the 
objective blends that serve as baselines for the Drought Monitors





 


Finalize the generation of a long-term climatology of estimated soil 
moisture and ground water based on a 60-year LDAS model 
simulation





 


Use this long-term climatology to convert seven years of GRACE 
assimilated fields into soil moisture and groundwater percentiles





 


Evaluate improvements in the new objective blends with 
independent datasets of soil moisture and ground water observations 
and final DM products (with subjective inputs) using the originals as 
benchmarks





 


Work towards integrating the new objective blends into the US and 
North American Drought Monitors


NearNear--Term ObjectivesTerm Objectives
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• Goal is to improve US and North American Drought Monitor 
products, which currently rely heavily on precipitation indices, using 
GRACE terrestrial water storage data which has been horizontally, 
vertically, and temporally disaggregated via data assimilation


• GRACE is well suited for drought monitoring


- Global coverage


- Integrated observation of relative state of total water storage


• The value of GRACE data can be enhanced through data 
assimilation, which synthesizes the advantages of observations and 
numerical models, enabling:


- Spatial and temporal downscaling


- Data gap filling


- Quality control


- Incorporation of data from multiple sources


• Near term objectives are completing a 60-year simulation to provide 
the background model climatology and continuing to develop the 
process for integrating our data into DM objective blends


SummarySummary
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National Drought Monitoring System 
for Drought Early Warning Using 


Hydrologic and Ecologic Observations 
from NASA Satellite Data


NASA ASP PI Meeting
September 2009


Presentation by S. V. Nghiem
Jet Propulsion Laboratory


California Institute of Technology


Including materials from JPL, NOAA PSD, Dartmouth, and NOAA CPC







Investigator Team
• Brakenridge, G.R.: Dartmouth College
• Dole, R.: NOAA Physical Science Division
• Le Comte, D.: NOAA Climate Prediction Center
• Nghiem, S.V.: Jet Propulsion Laboratory
• Njoku, E.G.: Jet Propulsion Laboratory
• Verdin, J.: U.S. Geological Survey
• Hayes, M. (Wilhite, D.): National Drought 


Mitigation Center


Advisory Board: D. Entekhabi (MIT), D. Hall (NASA 
GSFC), P. Houser (George Mason U.), A. Huete (U. 
Arizona), G. Leshkevich (NOAA GLERL), K. Steffen (U. 
Colorado/CIRES), and P. Whung (USDA).







Overall Objectives
National Drought Monitoring System (NDMS)
• Enhancing U.S. Drought Monitor (USDM)
• Utilizing NASA satellite data/results:  AMSR- 


E microwave radiometer, QuikSCAT 
microwave scatterometer, MODIS spectro- 
radiometer, and ASTER radiometer


• Integrating with diverse indicators to 
monitor major components of hydrologic 
and ecologic system


• Prototype demonstration and validation


Near-term goal: Applications to NIDIS.
Long-term goal: Expandable to GEOSS.







National Drought Monitoring System Using 
NASA Data/Results – Wiring Diagram


Terra & Aqua
MODIS


Receiving Stations


QuikSCAT AMSR-E ASTER


Receiving StationsReceiving Stations


Soil Moisture 
Change Algorithm
NDVI Algorithm


Soil Moisture 
Algorithm


JPL Data System


NDVI 
Algorithm


Reservoir 
Algorithm


USGS Data System DFO Data System
Surface Obs    


Networks
Climatic 


Data
US DROUGHT MONITOR


NDMC, NOAA, USGS, …
V&V







Integrated System Solution: National 
Drought Information System


Earth System
Satellite Algorithms
AMSR-E algorithms (JPL)
- Soil moisture
- Vegetation water content


QuikSCAT algorithms (JPL)
- Precipitation water change on 
land surface


- Precipitation frequency
- Experimental NDVI


MODIS/ASTER algorithms
- Vegetation indices (USGS)
- Lake/reservoir area (DFO)


Earth System
Satellite Algorithms
AMSR-E algorithms (JPL)
- Soil moisture
- Vegetation water content


QuikSCAT algorithms (JPL)
- Precipitation water change on 
land surface


- Precipitation frequency
- Experimental NDVI


MODIS/ASTER algorithms
- Vegetation indices (USGS)
- Lake/reservoir area (DFO)


Value & Benefits
to Society


Quantitative and qualitative 
benefits from improved 


decisions 


• Wider dissemination of 
drought information


• Improved understanding of 
drought effects at sub-
county scale


• Quicker response for State 
Drought Task Forces and    
State Governors


• Increased spatial precision 
in drought emergency 
designations


• Better informed state and 
local decision making 
leading to more effective
use of available water and 
drought relief program 
resources


Value & Benefits
to Society


Quantitative and qualitative 
benefits from improved 


decisions


• Wider dissemination of 
drought information


• Improved understanding of 
drought effects at sub-
county scale


• Quicker response for State 
Drought Task Forces and    
State Governors


• Increased spatial precision 
in drought emergency 
designations


• Better informed state and 
local decision making 
leading to more effective
use of available water and 
drought relief program 
resources


Predictions/Forecasts


Observations, 
Parameters & Products


Earth Observations 


NASA Satellite Data:
- AMSR-E Radiometer
- QuikSCATScatterometer
-MODIS Spectroradiometer
- ASTER Radiometer


Surface Data:
- Weather station networks 
- Soil moisture : SCAN 


Network, SNOTEL Network
- Long-term stations
- Surface radars


Earth Observations 


NASA Satellite Data:
- AMSR-E Radiometer
- QuikSCATScatterometer
-MODIS Spectroradiometer
- ASTER Radiometer


Surface Data:
- Weather station networks 
- Soil moisture : SCAN 


Network, SNOTEL Network
- Long-term stations
- Surface radars


Decision Support 
Systems, Assessments, 


Management Actions 


National Integrated 
Drought Information 


System 


US Drought Monitor
Weekly map and web portal


Analyses and Forecast
Early Drought Detection
Drought Spatial Extent
Drought State/Drought Severity
Drought duration


Decisions / Actions
Drought Plans Activated
Urban Water Restrictions
Drought Assistance Programs
Agricultural Choices for Water 
Conservation 


Decision Support 
Systems, Assessments, 


Management Actions


National Integrated 
Drought Information 


System


US Drought Monitor
Weekly map and web portal


Analyses and Forecast
Early Drought Detection
Drought Spatial Extent
Drought State/Drought Severity
Drought duration


Decisions / Actions
Drought Plans Activated
Urban Water Restrictions
Drought Assistance Programs
Agricultural Choices for Water 
Conservation


NASA Water Management Project: National Drought Monitoring System


Information products


Water Monitoring
- Soil moisture change
- Precipitation frequency
- Lake/reservoir change


Vegetation Monitoring
- Vegetation Indices
- Season start
- Season length


Drought Indices
- Palmer Drought index
- Standardized 
Precipitation Index


- Stream flow percentile
- Soil moisture percentile
- Drought indicator blend


Information products


Water Monitoring
- Soil moisture change
- Precipitation frequency
- Lake/reservoir change


Vegetation Monitoring
- Vegetation Indices
- Season start
- Season length


Drought Indices
- Palmer Drought index
- Standardized 
Precipitation Index


- Stream flow percentile
- Soil moisture percentile
- Drought indicator blend







JPL Status and Progress
Three-year project: Year-1 completed; Year-2 completed; 
Year-3 started (funds on open account Sep. 2009).


JPL Year 2: 
• Providing QuikSCAT soil moisture change (SMC) data for 
drought applications: data for entire CONUS, daily data 
production, >80% coverage of CONUS per day, and automated 
routine upload processor is ready. (AMSR-E soil moisture data 
available from NSIDC).
• Resolution benchmarking: SMC data gridded at ¼ degree in 
latitude and longitude, resolving county scale per Nyquist scale 
requirement estimated at 27 km.
• Demonstration of improvement (all) – JPL automated SMC 
data upload to NOAA Physical Science Division.
• Publications: Drought related meeting abstracts, paper 
manuscript on going. 
• Programmatic: Subcontracts to all, Year-2 extension to all;  
Meetings with NASA and NASA reports.







JPL Year 3 Work Plan
Three-year project: Year-1 completed; Year-2 completed; 
Year-3 started (funds on open account Sep. 2009).


JPL Year 3 Plan: 
• Incorporating latest satellite algorithm improvements and 
advanced NASA products/results for drought monitoring: 
Improving SMC algorithms and products, initiating and testing 
new QS products for drought monitoring/forecast.
• Participation in refinements of prototype products, ingestion 
of NASA results in into the USDM operational environment for 
decision support, improvement of drought forecast, and system 
performance evaluation and verification.
• Participation in demonstration of improvements for drought 
monitoring and forecast.
• Publications: Drought related meeting abstracts, journal paper 
and/or book chapter.
• Programmatic: Meetings with NASA and NASA reports.







Active/Passive Microwave Signatures











Difference between SMC and 
Precipitation Products


Problem of virga, dry rain, or dry thunderstorm
SMC represents rainwater that actually reaches 


down to and accumulates in soil







Virga - Dry Thunderstorm
Nghiem, ERSI Conference, San Diego, 2009


NWS







Wet Precipitation Frequency


OND


Experimental Product in development







Stream Flow Measurement
Red River, Wabash River, Lena River
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Global River Runoff
Experimental Product in development







Infrastructure for Soil Moisture Change
Automated Processing and Production
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NDMC Precip Color Protocol
105/65/0      -- dark brown
175/130/0
235/185/100
255/255/0     -- yellow
190/255/0
75/205/0      -- medium green
0/100/0       -- dark green
50/175/255    -- light blue
255/0/197     -- magenta







NOAA/PSD Accomplishments 


• Acquire and assemble NASA QuikSCAT/SMC data set.


• Acquire and assemble AWDN Nebraska in-situ soil 
moisture data set.


• Establish semi-automatic daily updates for SMC data 
stream.


• Establish weekly updates of SMC consumer imagery, 
including SMC weekly derivatives.


• Develop preliminary software for detail correlation of 
satellite data with in-situ data.







NOAA/PSD Year 3 Work Plan
• Acquire and update U.S. in-situ data sets of soil moisture and related 


quantities.
• Acquire and update QSCAT, AMSR-E, and other relevant satellite data 


sets.
• Incorporate masking of snow extent into SMC prototype products.
• Extend comparison and validation of satellite-based products (QSCAT, 


AMSR, and NDVI) with in-situ soil moisture data.
• Develop algorithm and software for best estimate of soil moisture at 


depth from optimal combination of NDVI, SMC, and AMSR data.
• Collaborate with NASA, U.S. Drought Mitigation Center, National 


Integrated Drought Information System (NIDIS), Western Water 
Assessment (WWA), USGS, and Dartmouth Flood Observatory on new 
products and improvements for soil moisture assessment.


• Participate in evaluation of MODIS-based system results for surface 
water status.


• Facilitate transfer of PSD prototype products into the USDM operational 
system.















1. Image Data Acquisition


2. Identification of water pixels


3. Create vector GIS (water boundary) polygon around water 
pixels 


4. Import GIS file into Surface Water Data Record


5. Sort  polygon files, within workspace; create map 


6. Publish map







March 2005, No drought conditions
In Oklahoma


March 2009, Moderate to severe 
drought, Oklahoma







MODIS surface water 
mapping shows 
shrinkage of many 
reservoirs and lakes.


Results are in vector 
GIS form, can easily 
be imported into 
water management 
Decision Support 
Systems or into 
Google Earth.


Mid-March 2005 (red)
MODIS data compared to
Mid-March, 2009 (light blue)


Dallas
Ft. Worth


Oklahoma
City


Tulsa


Lawton











Implement for each 10 deg x 10 
deg map sheet as per scene 
on left; to be accessed via 
click on index map at the  
Dartmouth web site.


Update new water/new land 
weekly, as Drought Monitor 
updates, for each sheet, 
commencing in November of 
2009.


Remaining technical issues 
include: a) installation of a 
new water  classification 
algorithm, b) collecting 
MODIS data to fully capture 
seasonal variation, and c) 
development of a synthetic 
U.S, national display to 
match the small scale 
Drought Monitor display.







Putting Together the U.S. Putting Together the U.S. 
Seasonal Drought OutlookSeasonal Drought Outlook


•• A CPC productA CPC product


•• Operational since Operational since 
March 2000March 2000


•• Released 2/monthReleased 2/month


•• Subjectively blends Subjectively blends 
temp/prcp/soil temp/prcp/soil 
moisture forecasts moisture forecasts 
from short term to from short term to 
seasonalseasonal


•• Verification based on Verification based on 
category changes in category changes in 
the USDMthe USDM


•• Current format O.K . Current format O.K . 
for general trends, for general trends, 
but too vague for use but too vague for use 
by water managers by water managers 
and ag communityand ag community


NOAA Climate Prediction Center (non-cost)



http://www.cpc.ncep.noaa.gov/products/expert_assessment/season_drought.gif





2-Wk Soil Moisture


Constructed Analogue 
Soil Model


Medium-Range Fcst
Palmer 4-mo
Probabilities


CPC Long-Lead
Precip. Outlook


Principal Drought Outlook InputsPrincipal Drought Outlook Inputs


VIC SM 3-MO Fcst



http://www.cpc.ncep.noaa.gov/products/expert_assessment/season_drought.gif





What Drought Forecasts NeedWhat Drought Forecasts Need


•• Accurate assessment of initial moisture Accurate assessment of initial moisture 
conditions and recent trends conditions and recent trends 


•• Consideration of agriculture and hydrology (shortConsideration of agriculture and hydrology (short-- 
term and longterm and long--term drought)term drought)


•• Incorporation of a Incorporation of a ““Seamless Suite of ForecastsSeamless Suite of Forecasts”” 
(short term and seasonal temperature/(short term and seasonal temperature/precipprecip) ) 


•• Confidence levels (probabilities) of where and Confidence levels (probabilities) of where and 
when drought will occurwhen drought will occur


•• Monthly and seasonal perspectivesMonthly and seasonal perspectives







Vegetation Index for Drought 
Monitoring


Next presentation by J. Verdin
U.S. Geological Survey


Including materials from NDMC (subcontract from USGS)


NASA ASP PI Meeting
September 2009
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U.S. Department of the Interior
U.S. Geological Survey


Enhancement of theEnhancement of the 
U.S. Drought MonitorU.S. Drought Monitor 
Through the Integration ofThrough the Integration of 
NASA Vegetation Index ImageryNASA Vegetation Index Imagery 


Project ReviewProject Review 
9/17/099/17/09


Jim Verdin, USGS/NIDISJim Verdin, USGS/NIDIS
JesslynJesslyn Brown, USGS/EROSBrown, USGS/EROS
Mark Svoboda, UNL/NDMCMark Svoboda, UNL/NDMC







Objective


Integration of MODIS VI and derivative products into the 
weekly production of the US Drought Monitor (USDM)


USDM is the  principal monitoring product of the 
National Integrated Drought Information System 
(NIDIS)


EROS Staff
Jesslyn Brown,Yingxin Gu, Brian Davis, 
Danny Howard


NDMC Staff
Mark Svoboda, Brian Fuchs, Brian Wardlow, Tsegaye 
Tadesse







Earth System Models


Land Surface Models:


Vegetation Drought 
Response Index 


Earth System Models


Land Surface Models:


Vegetation Drought 
Response Index Value & Benefits


to Society
Quantitative and qualitative 


benefits from improved 
decisions 


Wider dissemination of 
drought information 


Improved understanding of 
drought effects at sub-county 
scale 


Quicker response for State 
Drought Task Forces and 
State Governors 


Increased spatial precision in 
drought emergency 
designations 


Better informed state and 
local decision making 
leading to more effective use 
of available water and 
drought relief program 
resources 


Value & Benefits
to Society


Quantitative and qualitative 
benefits from improved 


decisions


Wider dissemination of 
drought information


Improved understanding of 
drought effects at sub-county 
scale


Quicker response for State 
Drought Task Forces and 
State Governors


Increased spatial precision in 
drought emergency 
designations


Better informed state and 
local decision making 
leading to more effective use 
of available water and 
drought relief program 
resources


Predictions/Forecasts


Observations, 
Parameters & Products


Earth Observations 
Land Surface Vegetation:  
MODIS and AVHRR 


Precipitation:  Weather 
Station networks, RADAR 
observations 


Land Use/Land Cover: 
Landsat, MODIS 


Earth Observations 
Land Surface Vegetation:  
MODIS and AVHRR


Precipitation:  Weather 
Station networks, RADAR 
observations


Land Use/Land Cover: 
Landsat, MODIS


Decision Support 
Systems, Assessments, 


Management Actions 


National Integrated 
Drought Information 


System 
US Drought Monitor


Weekly map and narrative
NIDIS web portal


Analyses
Early Drought Detection


Drought Spatial Extent


Drought State/Drought Severity


Decisions / Actions
Drought Plans Activated


Urban Water Restrictions


Drought Assistance Programs


Agricultural Choices for Water 
Conservation 


Decision Support 
Systems, Assessments, 


Management Actions


National Integrated 
Drought Information 


System
US Drought Monitor


Weekly map and narrative
NIDIS web portal


Analyses
Early Drought Detection


Drought Spatial Extent


Drought State/Drought Severity


Decisions / Actions
Drought Plans Activated


Urban Water Restrictions


Drought Assistance Programs


Agricultural Choices for Water 
Conservation


Water Management:  National Drought Monitoring System


Information products


Vegetation Indices


• MODIS NDVI


• MODIS NDWI


• AVHRR NDVI


Phenological Metrics


• Start of Season


• Start of Season 
Anomaly 


• Seasonal Greenness


• Percent of Average 
SG 


Gridded Rainfall 
Products 


• Calibrated RADAR


• Standardized


Precipitation Index


Information products


Vegetation Indices


• MODIS NDVI


• MODIS NDWI


• AVHRR NDVI


Phenological Metrics


• Start of Season


• Start of Season 
Anomaly


• Seasonal Greenness


• Percent of Average 
SG


Gridded Rainfall 
Products


• Calibrated RADAR


• Standardized


Precipitation Index







Start of Season
End of Season
Length of Season
Growing season greenness
Greenness “to-date”


20 Years of AVHRR Satellite Greenness 
Monitoring at USGS/EROS


Noise 
reduction by
smoothing







Vegetation Drought Response Index (VegDRI)







Topics


FY 2009 Progress



 
Drought Data Production System 



 


Data Continuity (AVHRR to MODIS)



 
Product Validation



 


Presentations/Publications
FY 2010 Plans



 
Data Continuity (AVHRR to MODIS)



 


Validation



 
Transition to Operational Status



 


Product Delivery



 
Presentations/Publications







FY 2009 Accomplishments:EROS
eMODIS System/Drought System 


Development



 
In 2009 eMODIS achieved expedited data stream 
and latency



 
Historical data (full Terra and Aqua NDVI time 
series) processed for CONUS



 
System integration for seamless drought data 
production (from satellite to decision-maker)



 
Integration into Vegetation Drought Response 
Index models



 
System testing







U.S. Department of the Interior
U.S. Geological Survey


eMODIS System
USGS/EROS


Terra & Aqua


NOAA


USGS/EROS 
Vegetation


Dynamics and 
VegDRI System


EDOS MODIS
L0 Data


T+2-5hrs


T+10hrs


March 2005


Water Management:  National Drought Monitoring System


T+11hrs


Data Deadline:  
Monday 12:00 p.m.


More 
efficiencies 
(2-3 x) can be 
gained using 
server with 
faster CPU 
speeds.


USGS Drought Monitoring


http://gisdata.usgs.gov/website/
Drought_Monitoring/viewer.php


NDMC Vegetation Drought 
Response Index


http://www.drought.unl.edu/
vegdri/VegDRI_Main.htm


NIDIS Drought Portal


http://www.drought.gov


Drought DSS:  Desired/required 24 hour or less data delivery schedule


Drought DSS







2009 Accomplshments: EROS – Products



 


Tif and image output



 
Achieved automated ingest into interactive 
web map viewer, though only available 
internally so far


[http://gisdata.usgs.gov/website/Drought_Monito 
ring/viewer.php]



 


Release to public planned for October, 2009



 
Graphical maps staged to FTP







2009 Accomplshments: EROS – Drought 
System Production Delivery
Monday Date week Delivery TOD Notes
6/1/2009 22 21:26:19 Test mode


6/8/2009 23 0:22:23 Next day, test mode


6/15/2009 24 15:27:36 Test mode


6/22/2009 25 5:56:48


6/29/2009 26 16:18:22


7/6/2009 27 8:06:46


7/13/2009 28 8:08:12


7/20/2009 29 1:31:59 Next day


7/27/2009 30 6:01:09 M. Svoboda used in USDM DSS


8/3/2009 31 7:46:02 M. Svoboda used in USDM DSS


8/10/2009 32 7:46:00


8/17/2009 33 5:07:16 Graphic products delivered to ftp


8/24/2009 34 5:10:22 Graphic products delivered to ftp


8/31/2009 35 16:45:42 Graphic products delivered to ftp


9/6/2009 36 7:56:22 Graphic products delivered to ftp











FY 2009 Progress:EROS and NDMC


Data validation—evaluation



 


Performed historical comparisons between 
eMODIS and AVHRR-based drought products



 
Some discrepancies, due mainly to differing 
lengths of record



 
Further investigation and report in FY2010







FY 2009 Progress:  NDMC



 
Provided feedback to JPL & NOAA-PSD on 
QuikSCAT derived Soil Moisture Change 
(legend, DM vector overlays, colors, etc.)



 
Contributed to SMC case study for upcoming 
U.S. Drought Monitor Forum



 
Performed near-real time product testing and 
evaluation of MODIS VI and VegDRI in US 
Drought Monitor production by M. Svoboda 
and other authors, July 28 and August 4







FY 2009 Progress:  NDMC



 
Preparation for operational integration of 
SMC into NIDIS portal



 
Setting up process for ingest of VegDRI and 
SMC into project website



 
Logistics and preparation for project 
meeting, Austin, TX Oct. 6, 2009







FY 2009 Accomplishments – Data 
Continuity
Translation Equation B (delivered 9/1/09) *
Based on cloud-screened NOAA-17 AVHRR/3 


and eMODIS Terra NDVI, 2005 – 2007
Two regression methods


Conventional maximum likelihood regression
Geometric mean regression
Similar results with both


*Collaboration with T. Miura, Univ. of Hawaii







Presentations



 
Gu, Y., Brown, J.F., van Leewen, W., Reed, B.C., 
and Miura, T., “Phenologic classification of the 
United States: a framework for extending a multi- 
sensor time series for vegetation drought 
monitoring,” In Proceedings of the Annual Meeting 
of the Association of American Geographers, 
March, 2009, Las Vegas, Nevada. [Presentation].



 


Brown, J.F., Miura, T., Gu, Y., Jenkerson, C., and 
Wardlow, B., ”Utilizing a multi-sensor satellite time 
series in real-time drought monitoring across the 
United States”, In Proceedings of the 2009 Joint 
Assembly of the American Geophysical Union, 
May, 2009, Toronto, Canada. [Presentation].







FY2010 Work Plan: EROS



 


Complete and integrate code for greenness 
percentile rank products



 
Test greenness percentile rank product in 
USDM DSS



 
Continue regular weekly production (VegDRI, 
PASG)



 
Assure accurate ingest of weekly products 
into USGS and NIDIS viewers







FY2010 Work Plan: EROS



 


Complete plan to continue operations under 
USGS  



 
Full evaluation of data translation (Eq. B) and 
products



 
Present (AGU Fall 2009) 



 
Publications in process







FY2010 Work Plan: NDMC



 


Continue guidance on data and processing 
requirements for the remote sensing products 
generated by USGS and JPL for integration 
into the operational USDM system 



 


Populate data on centralized web location to 
access the NASA satellite-derived products.  
The NDMC-NASA Partnership website (URL:  
http://drought.unl.edu/nasa) will be the central 
access point for the remote sensing-derived 
products generated for the advanced USDM 
prototype system. 



http://drought.unl.edu/nasa





FY2010 Work Plan: NDMC



 


Coordinate with USDM authors to implement 
remote sensing data product ingestion into 
an advanced USDM prototype environment 



 


Benchmark existing and new USDM results 
to evaluate the improvements in the USDM 
map results produced using the advanced 
USDM prototype system 



 


Participate in a demonstration of the 
improved USDM prototype and distribute the 
improved drought products over the Internet 
to users via the NDMC web site 







Publications



 


Gu, Y., Brown, J.F., Miura, T., van Leewen, 
W., and Reed, B.C., “Phenological 
classification of the United States: a 
geographic framework for extending multi- 
sensor time series data,” manuscript in 
preparation. 







Thank you
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Developing Seasonal Predictive Capability 
for Drought Mitigation Decision Support System 


PI: Ximing Cai1


Co-PIs: Jae Ryu3, Xin-Zhong Liang2, Praveen Kumar1, 
Mark Svoboda3, Cody Knutson3, Meghan Sittler3, 
Donald A. Wilhite3


Co-Is: James Angel2, and Michael Palecki2







National Drought Mitigation Center







CWRF


DM-DSS Mgmt.


Model


BC BC
• Precipitation
• Temperature
• Humidity
• Wind


VAST
• Runoff
• ET
• Soil  moisture
• Water table


• 10 x 10 km
• Hourly
• up to 2 weeks


Prediction 
SPI 
HDI
PDSI


UIUC/ISWS 


NDMC 


NDMC/UIUC 


GMA 
O


CWRF: Climate extension of Weather Research and Forecast model
CLM-VAST: Common Land Model enhanced by 3D Volume Averaged Subsurface 
Transport


CLM -







Seasonal Prediction led by X. Liang


• CWRF Downscaling of NASA GMAO 
Climate Prediction


• CWRF Downscaling Sensitivity to the 
Initial Land Surface Conditions


• CWRF Downscaling Sensitivity to 
different cumulus, microphysics, short 
wave and long wave schemes


• CWRF Real-Time Downscaling of GFS 
middle-term forecast







CAM


CFS
GMAO


SST  ICs


LBCs


GMAO
CFS


Optimal Ensemble MesoscaleOptimal Ensemble Mesoscale
Regional Prediction SystemRegional Prediction System


SST


oc
ea


n


MLOMLO


CWRFCWRF


atm
osphere


land


ICs


NARR







CWRF downscaling GMAO results: 2m temperature
The GMAO contains substantial biases over the whole U.S., while the CWRF downscaling 
provides significant improvements with the ensemble mean distribution much closer to   
observations. There exist large spreads centered in the central and northwest U.S., which offers 
a quantitative measure of prediction uncertainty. 







CWRF downscaling GMAO results: precipitation
The CWRF downscaling generates more realistic (than the driving GMAO) precipitation over the 
North American monsoon region and the coastal areas along the Gulf of Mexico. Improvement 
is also seen over the Upper Mississippi basin. Overestimations, however, exist over most of the 
Missouri and Ohio basins as well as the eastern coast states. 











Sensitivity of regional precipitation forecast to initial land surface conditions


CWRF downscaling skill sensitivity to initial land surface conditions was not manifested in the first 
month. CWRF+Assi provides significant improvements in June over the Cascade, July over the 
Midwest, August over the Northeast, July and August over the Southeast. Such delayed 
responses may result from the compromise between the gain from the more realistic NARR initial 
land surface state and the loss due to its inconsistency with the GMAO atmospheric conditions. 







Assimilation of the NARR land surface data significantly benefit the CWRF 
forecast of soil moisture, ET and runoff over northern U.S. 


NARR


CWRF


CWRF+Assi







CWRF downscaling GFS real-time forecast







Work in the next six months for 
seasonal prediction development  
• Optimizing ensemble (ICBC, Physics) 


downscaling GFS middle term real-time 
forecast


• Improving initial land surface condition 
for 2-week to seasonal climate forecast







Decision model led by X. Cai


• Tested the role of short-term weather 
forecast ( up to one week) for irrigation 
scheduling


• Developed the methodology framework 
for using seasonal prediction for 
decision support 
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Real-time support for irrigation 
scheduling 


GA
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Irrigation Scheduling Framework





 


The problem is formulated as a moving 
window stochastic optimization problem


Optimization
Routine


- Compiled historical probabilistic 
forecasts for the years 
2002-2006


- Daily scale with a 7-day 
forecasting window







NOAA’s Probabilistic Forecasts
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Net profit vs. 
forecast horizon 1     2    3     4    5    6    7    8     Time


Perfect
Forecast No Rain


t*


Imperfect
Forecast
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Water use vs. 
forecast horizon 1     2    3     4    5    6    7    8     Time


Perfect
Forecast No Rain


t*


Imperfect
Forecast







Findings



 


The value of forecast is shown to be different across dry, 
normal, and wet years. More significant economic gains are 
found with normal and wet years than dry years under the 
various forecast horizons





 


There is large potential by optimizing farmers’ practices by 
simply utilizing the present information





 


Longer forecast horizons lead to more significant water saving 
than profit gain





 


The unreliability of probabilistic rainfall forecasts outweighs the 
gain from forecasting information beyond a threshold, generally 
shorter than 7 days
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Assimilating ET estimated by MODIS 
to correct the error caused by 
farmers’ behavior


ETt


Initial soil
moisture


Perfect
Forecast


Uncertain Forecast


Ioptimal


Xt
- Xt


+X0


t=1







Combine seasonal prediction and short- 
term forecast for both planning and real- 
time decision 


Planning:Planning:



 


Given the seasonal prediction at the beginning of the season, decide on:



 


Type of crop to grow (soybean, corn)



 


Area of land to plant (impacts water available per area)



 


Amount of water use rights to buy for the whole season
RealReal--time Operation:time Operation:



 


Given a weekly (or longer) forecast at the beginning of each week, decide on:



 


Amount of water to irrigate in this week



 


Whether or not to buy additional water use rights (costs more if bought later under 
drought conditions)
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May 1 … Oct 1t1 t2 t3 tT


U
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I1 I2 I3
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Ensemble of
Seasonal forecasts


WR1 WR2 WR3 WRT







Drought indicator development and 
benchmark evaluation led by J. Ryu


1. Web-based survey design to assess 
stakeholders’ perception to forecast 
(collaborating with National Corn 
Growers Association)


2. Development of drought indices (SPI, 
HDI, PDSI) using the forecast















Comment box







Usefulness of 90 day forecast Information


Emerging important attributes or usefulness of 90 day 
forecasts:


Marketing


Pre-selection of varieties and planting dates


Management decisions of planning and marketing







Accuracy Concerns


Accuracy concerns and perceptions


“90 day forecasts are rarely that accurate”


“I do not believe it is possible to be accurate that far out”


“forecasts in general are not accurate enough….”


“it’s a forecast, it is not set in stone, there are too many variables to accurately 
forecast that far in advance.”


“not good information”







If accuracy of 90-day forecast improves 


( 75 to 100 percent statistical confidence) 


would your management 
operations change??















Republican River 
Basin







Thanks! Questions?







NOAA’s Probabilistic Forecasts
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Optimal use of 
present information1     2    3     4    5    6    7    8     Time


Perfect
Forecast No Rain







Research Objectives


1.Develop seasonal predictive capability for the DM-DSS using
a state-of-the-art CWRF (Climate extension of Weather Research and 
Forecast model) coupled with an advanced terrestrial hydrologic model CLM-
VAST (Common Land Model enhanced by 3D Volume Averaged Subsurface 
Transport) and various satellite model products provided by NASA and NOAA.


1.Couple a decision analysis component on optimal irrigation scheduling to the 
predictive DM-DSS that will provide more relevant decision support 
information to users at a lead time of up to one season.


2.Assess the quantitative and qualitative enhancements with NASA’s earth 
science models and remote sensing products by evaluating and comparing the 
baseline and benchmark levels of the predictive DM-DSS and relating them to 
stakeholders’ perceived benefits.
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