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AGENDA

World Bank Visit at NASA Goddard Space Flight Center
Theme: NASA Satellite & Information Products in Support of Water and Agriculture

7 (Tues.) April 2009

World Bank Group Arrives

NASA Welcome

World Bank Background & Meeting Objectives

NASA Earth Science Overview & Applications

NASA Water Science Overview & Remote Sensing

Remote Sensing Applications for Agriculture Resources Assessment
NASA Land Data Assimilation System & Water Availability for the MENA
‘SERVIR’ Africa & USAID Famine Early Warning System

Land Information System: Applications and Capabilities

Using NASA Products for Aquifer Monitoring & Agriculture Planning
Impacts of Climate Change on Food Production and Water Resources
Discussion

Break with ‘Quick Lunch’ at Visitor Center

Shahid Habib (NASA/GSFC)

Vijay Jagannathan (World Bank)

Shahid Habib (NASA/GSFC)

Ted Engman (NASA Water Consultant)

Paul Doraiswamy (USDA/ARS)

John Bolten (NASA/GSFC)

Fritz Policelli (NASA/GSFC)

Sujay Kumar (NASA/GSFC/SAIC)

Ben Zaitchik (Johns Hopkins University & DoS)

Radley Horton (NASA/GISS) &
Alex Ruane (NASA/ORAU)

World Bank Tour of GSFC Facilities (Satellite Fabrication & Testing, Communications, Earth Sciences, etc.)




The Arab Land Data Assimilation System- how it will
work, what it will provide, and how to access the
iInformation developed

John D. Bolten, Ph.D.
Hydrological Sciences Branch
NASA Goddard Space Flight Center
Greenbelt, MD USA
john.bolten@nasa.gov

) Water Caun :I.,.T-Nille |
Inltlatwe USDA u Wlsc & UC Irvme
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@ Why study the water cycle?

Water in

Cpgaaie
A o
T F
N J

Earth Is a water planet!
Water is Life...

Water in the
environment

Variations in greenhouse gases, aerosols, Water

and solar activity force changes in climate... supply and
quality fiia g
...but, consequences of climate change Water for
are realized through the water cycle. consumption

Thus, we must characterize, understand, and predict variations in the
global water cycle and assess potential abrupt climate changes.






@ Why this Is important to you!

Science and technology must be defined by application needs.

We must have links between the science/technology and stakeholders.

We must understand management and policy (i.e. understand and predict human behavior,
water banking, management, and operations).

Must have education of the public, stakeholders, policymakers, and scientists.

We must develop science/technology that is useful to water resource managers.






@ Summary: Project Goal

GOAL: Produce maps of hydrological states and fluxes in
the Middle East - North Africa (MENA) region, which will
serve as a basis for regional water resources assessments.
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@ Background: Land Surface Observations
In-situ

Precipitation: Surface Gages and Doppler Radar

Radiation: DOE-ARM, Mesonets, USDA-ARS

Surface Temperature: DOE-ARM, Mesonets, NWS-ASOS, USDA-ARS
Soil Moisture:  DOE-ARM, Mesonets, Global Soil Moisture Data Bank, USDA-ARS

Groundwater: Well Observations £
snow Cover, Depth & Water: Field Experiments, SNOTEL |

Streamflow: Real-Time Stream Gauge juy

Vegetation: Field Experiments

Soils: Field Experiments






@ Background: Land Surface Observations
Remote Sensing

Precipitation: SSM/l, TRMM, AMSR, GOES, AVHRR
Radiation: MODIS, GOES, AVHRR

Surface Temperature: AVHRR, MODIS, SSM/I, GOES
Soil Moisture:  TRMM, SSM/I, AMSR, SMAP, ESTAR, NOHRSC, SMOS
Groundwater: GRACE

snow Cover, Depth & Water: AVHRR, MODIS, SSM/I, AMSR, GOES, NWCC, NOHRSC

Streamflow: Laser/Radar Altimiter
Vegetation: AVHRR, TM, VCL, MODIS, GOES

mm 2w n
0 100 200 300 400 500:

GFI (mm) July 1984





]

How can we merge all these data in
a physically consistent way?

Remote Sensing Data

In-situ Data

""

CALIPSO

- cloud properties

GRACE

- Column water-content

CLOUDSAT 4 . EOS-Aqua
- Cloud profiler o/ : - Atmospheric humidity
[/ - Water storage
. - -Clouds

- Snow and ice

- lee elevation
- Cloud height

TRMM ’
- Global






@ Land Surface Models

*Produce optimal maps of land surface states (e.g., soil moisture, surface

temperature) and fluxes (e.g., evapotranspiration, runoff) for weather and climate
forecast model initialization, water resources monitoring, and other applications.

» Able to merge data from diverse sources, including satellites, in a spatially and
temporally continuous and consistent manner

Reflected and
Longwave
Radiation

Longwave
Radiation

Drainage

Mosaic (Koster, 1996):
=Based on simple SiB physics.
=Subgrid scale "mosaic"

CLM (Community Land Model, ~2001):
=Community developed “open-source” model.
=10 soil layers, 5 layer snow scheme.

Catchment Model (Koster et al., 2000):
=Models in catchment space rather than on grids.
=Uses Topmodel concepts to model groundwater

NOAA-NCEP-NOAH Model (NCEP, ~2001):
=Qperational Land Surface model.





@How can we merge all these data and models
In a physically consistent way?

Remote Sensing Data In-situ Data

CLOUDSAT 4 . EOS-Aqua
- Cloud profiler o/ : - Atmospheric humidity
[/ - Water storage
- -Clouds

""

- Snow and ice
CALIPSO ICESat
-cloud properties | | | | -lceelevat o m
- Cloud height
GRACE TRMM
- Column water-content - Global
precipitation

LandSurfaceModeIs

Data Assimilation






S Data Assimilation
‘Sleepy Driver Scenario’

(Land surface model)
You are going in the right general direction...

...but when you open your eyes, you correct towards the center of the road
(Observations from gauge station, satellite)





@ Land Data Assimilation

Data Assimilation merges observations & model predictions to provide a superior state estimat

% = dynamics + physics+ Ax @@

Remotely-sensed hydrologic state or storage observations (temperature, snow, soil moisture) are
integrated into a hydrologic model to improve prediction, produce research-quality data sets, and to
enhance understanding of complex hydrologic phenomenon.

Observation

Model with 4ADDA

0% I 0%






@ Example: Benefit of Using Data Assimilation

for Root-Zone Soil Moisture Estimation
i B)
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e~ C) Open loop and D) EnKF results Lol

J. Bolten, W. Crow, X. Zhan, C. Reynolds, T. Jackson, Assimilation of a satellite-based soil moisture product in a two-layer water balance model for a global crop production
decision support system, in Data Assimilation for Atmospheric, Oceanic, and Hydrologic Applications, (Ed. Springer-Verlag) In Press, 2008.





@ How can we merge all these LSMs in
a physically consistent and efficient way?

Remote Sensing Data

Y\

Suite of Land Surface Models ‘

In-situ Data






LDAS Enables Us To...

7 5 10 2 & 10 \ ‘5 “%i‘ 6? ‘ /
PRECIPITATION \ L '






@ LDAS Enables Us To...

Improve Initialization & Assimilation

~ SWRADIATION -

& - MODIS SNOW COVER

=l [ T —

120 150 180 210 240 ) 300 330 1 10 40 60 80





@ LDAS Enables Us To...

Evaluate Model Output With Observations

MODIS SNOW COVER

Diagnose and Identify Predictable Changes





@ Arab LDAS Design

 Bring state-of-the-art tools together to operationally obtain high
guality regional land surface conditions and fluxes

e Use asuite of different land surface models

« 1/8 deqgree resolution

* Integrate irritation and agricultural | £

land mapping 1 %

« Apply large scale aquifer monitoring

« Evaluate results with all available observations, including soil
moisture, soil temperature, surface fluxes, satellite skin
temperature, snow cover and runoff






Static Parameter Fields
Elevation

YVegetation/Land Use Type
Wegetation Height

Leaf AreaIndex

surface Eoughness

Eoot Depth & Density

soil Texture

Llinimum Stomatal Conductance

surface Albedo
Thermal Inertia

Emissivity

Land Surface State Observations

Wegetation Fractonal Coverages
Leat Area Index

Fractional Snow Coverage
mnow Watetr Equivalent

surface Soil Moisture
Terrestrial Water Storage
surface Albedo

curface Temperature

MMeteorological Forcing Fields
Precipitati on
Downward Shortwave Eadiation
Downward Longwave Eadiation
Hear-surface Air Temperature
Hear-surface Specific Humidity
MHear-surface Wind Speed
Mear-surface Wind Direction

Surtace Pressure

Numerical Model

Water Unifies, UC-Irvine 2008

Land Information System Inputs and Outputs

_ Global Land Products (25km to L ocal)

LDAS Outputs

woil Moisture Profile

Fractional Snow Cowverage

snow Depth and Water Ecquival ent

Plant Canopy Water Storage

o1l Temperature Profile

wurface Temperature

surface and Subsurface Eunoff

Evaporation from Scil, Snow, and YVegetation
Canopy Transpirati on

Latent, Zensible, and Ground Heat Flux
=now Phase Change Heat Flux

snowmelt

mnowtall and Eainfall (as % of Total Precipitation)
et Surface Shortwave Eadiation

Met Surface Longwave Eadiation
LAerodynamic Conductance

Canopy Conductance
surface Albedo






@ Examples of LDAS 1/8th Degree G

Lebanon

Syria

rid Coverage

Yemen
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@ Arab LDAS Will Simulate Irrigation Based
on MODIS Observations

County irrigation totals (km3) for 2003,

As reported by the USGS
(top)

As modeled in this study
(bottom)

Ozdogan, Rodell, Kato, and Toll,
J. Hydrometeor., in review.






]

Satellite-Based Data Products Currently

Available for Integration Within LDAS

Observation

Satellite Sensor

Spatial Resolution

Precipitation TRMM & IR 25km
Solar Radiation Multiple 25km
Land Cover Type MODIS 1km
Irrigation Intensity MODIS 1km

Snow Cover MODIS 0.5km

Soil moisture AMSR-E 25km
Leaf Area Index MODIS 1km
Snow Water Equivalent AMSR-E 25km
Surface Temperature MODIS 1km

Terrestrial Water Storage GRACE 300km
Surface Albedo MODIS 1km
Vegetation Fraction MODIS 1km






@ Arab LDAS Will Assimilate GRACE Satellite Data

Intersatellite Rangigg

Measurement of Gravitational Perturbptions to Satellite Orbit «

# -
a T . "

]
5 »

a4 i

Provides information on water stored at depths
¥

E ]
AN e

» ¥

"‘ -

SR,






@ Why use GRACE in the Arab LDAS?
GRACE Closes the Water Budget

Evapotranspiration (ET) estimated
using a terrestrial water budget:

Numerical
Models

\ ~derived

terrestrial water

ET=P-Q-AS Sorage change

NN

From
Satellite and River runoff GRACE
ground observations
observations




http://www.epa.gov/maia/html/gw-text.html



@ Example: GRACE Satellite and LIS Aquifer
Monitoring in the MENA

Seasonal Change in Water Storage: Tigris-Euphrates Basin

Model Only Model + GRACE Difference
M"\I I

—|\|||||\|u|\— —||u|u|\||\|— —IIIIIIIIII—
58 82 106 130 10 58 82 106 130 -76 -12 20

cm cm cm





Summary: Methodology

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

Observation

Model

Model with 4DDA





@ Outline

* Project Purpose — Why?

Aqua _

e Methods — How?






Example: Maximum Range of

Sacramento Model Water Content Range
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@ Time Series of Multiple LSMs: Soil Water Content

LSASW Spatial Average Soil Water Content
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@ Example: LDAS Models Streamflow

07052500 = James River, MO, 996 sg.miles
05592500 = Kaskaskia River, IL, 1940 sqg. miles
02478500 = Chickasawhay River, MS, 2690 sqg. miles

07052500
= ] measured
£ MOSAIC
NOAH
= VIC
(4]
o E — k. e
T T T T
MNow Dec Jdan Feb Mar Apr
2000 20Mm
o 05592500
w o measured
E MOSAIC
=
10 NOAH
VIC
=3
LLEE
= T T
MNow Dec Jan Feb Mar Apr
2000 2001
g1 02478500
7 A measured
n
Eo MOSAIC
E @ NOAH
VIC
=3
LN Lo

MNow 2000 Dec Jan Feb 2001 Mar Apr





Application Example: Drought Monitor
Comparison

Mosaic LSM Total Column Soil Moisture Percentile Mini-Ensemble (Noah and Mosaic) Total Column Soil Moisture Percentile

July 15,2007, Based on 28 Year Climatology July 1%, 2007, Based on 28 Year Climatology
~ (A b =
0. - }J - > & ?

D4 D3 D2 DI DO . D4 D3 D2 D1 DO
Noah LSM Total Column Soil Moisture Percentile
July 1%, 2007, Based on 28 Year Climatology

T N

U.S. Drought Monitor W32

P
Drought Impact Types. i
r~ Delineates dominant impacts

[] D1 Drought - Moderate A = Agricultural (crops, pastures,

[ D2 Drought - Severs grasslands) w

M D3 Drought - Extreme H = Hydrological (water}
M D Drought - Exceptional

. P
N, A
, DA T (Z) &
The Drought Monitor focuses on broad-scale conditions. SR N WY N
Local conditions may vary. See accompanying text summary

2 5 =] 20 0 o 30 T 85 EL for forecast statements. Released Thursday, July 5, 2007
D4 D3 D2 D1 DO tpdrought unl.edudm e g e i

Soil moisture percentiles from each LSM combined to form ensemble mean percentile map
Ensembles often offer more accurate depictions of drought

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






@Application Example: LDAS Contribution to
Activities In South America

NASA/GSFC & MSU Rapid Prototype Capacity
Improving crop yield production over Argentina

Rio Segundo Plant Water Availability (PWA) OBS x SALDAS (mm)

< Mean

& Moo A
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% Data Sets to Promote the Goals of Arab LDAS

Dataset

Applications

Meteorological observations

Evaluation of standard meteorological forcing data;
Potential to customize meteorological data to improve
LDAS performance

Irrigated area / Land use
reports

Parameterization of crop characteristics;
Evaluation of satellite-based irrigation maps

River discharge data

Calibration and evaluation of the river routing model;
Evaluation of water balance calculations

Groundwater levels

Validation of GRACE observations and LDAS estimates of
groundwater variability;
Evaluation of water balance calculations

Volume of surface water
diverted for irrigation

Assessment of LDAS performance in irrigated lands;
Ability to estimate leakage during water distribution;
Calibration of river routing model;

Application of LDAS results to water resource
management

Field measurements of
evapotranspiration

Calibration and evaluation of LDAS evapotranspiration
estimates;
Validation of LDAS-based water balance






@ Validation: Simulation with Matching Soill

Volumetric Soil Moisture at OK Mesonet Station
NORM (35.2556°N, 97.4836°W)
Obs:Silty Loam LDAS:Silty Loam

Volumetric Soil Moisture (%)
B_’

20 __ ..............................................

15- ...............................................................................................

104 W N
5_ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
0 y v v . y .

JAN APR JUL oCT JAN APR JUL

1998 1999

MOSAIC (0—10 cm) VIC (0—10 cm)
NOAH (0—10 cm) —e—0BS (5 cm)






@ Validation: Soil Moisture Anomalies

Volumetric Soil Moisture over Oklahoma Region
Spatially Averaged over All Available OK Mesonet Stations
(Meuns are deflned over 01JAN98 3OSEP99 for eqch model qnd obs.)

20

1 R S R S R R RRRREE

iy
L]
A

|
w
A

_10_

Anomalies of Spatial Mean (%)
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NOAH (0—10 cm) —e—0BS (5 cm)






Validation: Control Soil Temperature

315

Soil Temperature over Oklahoma Region

305+

[

(=]

o
A

Spatial Mean (K)

Spatially Averaged over All Available OK Mesonet Stations

s R R T RIS R R TP TR,

APR JuL
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NOAH (0—10 cm)
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o Summary: Benefits

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

Volumetric Soil Moisture over Oklohoma Region
Spatially Averaged over All Available OK Mesonet Stations
(Means are defined over 01JAN98—30SEP99 for each model and obs.)

Anomalies of Spatial Mean (%)

MOSAIC (0-10 em) VIC (0—-10 em)
NOAH (0—10 cm) ——0BS (5 em)






@ Conclusions: What Can LDAS Provide?

* Its water balance products will provide a compilation of past, current (and
potentially future) water conditions;

* LDAS-based maps of soil wetness and estimates of irrigation water use would be
useful for large scale agricultural productivity assessments and for agricultural
planning;

lrrigation water requirements/use predictions for matching water demands and
supplies, and improving crop and irrigation productive uses of water;

* It will provide a regional and temporal perspective for locally observed
phenomena, such as a declining water table or reduced flow in ariver

» Estimates of current water storage conditions in the uplands of river basins can be
used to improve river flow predictions;

» Using forecast forcing data from multiple climate change scenarios, the LDAS will
be able to evaluate potential increases/decreases in irrigation water
requirements under various climate change scenarios and help in the planning
of agricultural policies; etc.






Thank You

NASA, USAID, World Bank,
Arab Water Council, Nile Basin
Initiative, USDA, U Wisc., & UC-Irvine
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REMOTE SENSING APPLICATION IN
AGRICULTURE
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Paul C. Doraiswamy
USDAaE U.S. Department of Agriculture, ARS
— Beltsville, Maryland
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Major Global Commodities & U.S. Trade

(2008/09 Projected)

Commodity| Global (MMT) U.S. (MMT) U.S. Percent of Global (%)
Wheat 123.98 27.22 272
corn 82.33 48.26 59
Soybeans 77.87 27.76 36
Rice(milled) 29.85 3.42 11
Cotton 7.66 2.83 37

Data Source: Global and U.S. export projections from USDA’'s WASDE, Movember 10, 2008

MMT = Million Metric Tons
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Consolidated Seasonal Land use Land Cover
Mid-East and North Africa

- Barren :’ Shrubland - Non-Irrigated Cropland

- Sparse Vegetation - Grassland - Irrigated Cropland X = L csBKm

- Water - Woodland - Wetlands






Remote Sensing Application at Multiple Scales

Application
1m —5m Management- water, fertilizer, pesticides
\ herbicides.. Applications for precision farming
@
)
=
R g % Assessment & Prediction- crop condition- %
LIU 8 drought & floods, damage recovery, specific
> . crop acreage and crop yield prediction
o <<
O o
S L e &
50m — 250m S = | Monitoring- crop condition- impact of drought,
o N
g floods, damage recovery, prediction of State
c_ls level crop yield and production
250m — 1km j Monitoring Regional Anomalies- Early Warning
\ y crop condition- drought, floods, crop
production impact
Agricultural Research Service H@.

U.S. Department of Agriculture —_
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Mar 20, 2008

SPOTVEG 10-day Composite at 1 km Resolution
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Mar 31, 2008

SPOTVEG 10-day Composite at 1 km Resolution
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SPOTVEG 10-day Composite at 1 km Resolution
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SPOTVEG 10-day Composite at 1 km Resolution
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SPOTVEG 10-day Composite at 1 km Resolution
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May 10, 2008

SPOTVEG 10-day Composite at 1 km Resolution
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SPOTVEG 10-day Composite at 1 km Resolution
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SPOTVEG 10-day Composite at 1 km Resolution
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Jun 10, 2008

SPOTVEG 10-day Composite at 1 km Resolution
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Jun 20, 2008

SPOTVEG 10-day Composite at 1 km Resolution
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SPOTVEG 10-day Composite at 1 km Resolution
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SPOTVEG 10-day Composite at 1 km Resolution
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SPOTVEG 10-day Composite at 1 km Resolution
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SPOTVEG 10-day Composite at 1 km Resolution
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SPOTVEG 10-day Composite at 1

km Resolution
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Aug 20, 2008

SPOTVEG 10-day Composite at 1 km Resolution
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Aug 31, 2008

SPOTVEG 10-day Composite at 1 km Resolution
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Sep 10, 2008

SPOTVEG 10-day Composite at 1 km Resolution
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SPOTVEG 10-day Composite at 1 km Resolution
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Jan 31, 2008

SPOTVEG 10-day Composite at 1 km Resolution





Maximum NDVI for Jan 16 - Feb 1, 2008 from MODIS

(Resolution: 250m)
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Remote Sensing Application at Multiple Scales

Application
1m —5m Management- water, fertilizer, pesticides
\ herbicides..
@
)
=
R g % Assessment & Prediction- crop condition- %
LIU 8 drought & floods, damage recovery, specific
> . crop acreage and crop yield prediction
o <<
O o
S L N
50m — 250m S S Monitoring- crop condition- drought, floods
g damage recovery, prediction of State level
c_ls crop yield and production
250m — 1km j Monitoring Regional Anomalies- Early Warning
\ y crop condition- drought, floods, crop
production impact
Agricultural Research Service H@.

U.S. Department of Agriculture —_






Management Strategies for Agricultural Planning
at National Scale

High resolution spectral imagery and spatial

Landuse

Classification
‘ Stratified Soil, climatology, crop / soil management

Mapping
Management Zones ‘

Process Models Integrating imagery
based parameters

Scaling Crop/ Soil
Parameters

Modeling for Optimized Management
practices

Mapping spatial
variability

/l\.

Crop yields, Water Deficit, Range Productivity, Soil Erosion, Carbon Sequestration

Agricultural Research Service H@.
U.S. Department of Agriculture —_






Objectives of Operational Yield Program

USDA- National Agricultural Statistics Service (NASS)
Domestic Crop Production: Corn, Soybean, Wheat, Rice, Cotton..

v Rapid assessment of crop classification
V' Develop algorithms using only MODIS data and products to
assess spatial variability of crop condition and yields at

regional scales

V' Provide timely assessments for use in USDA's operational
program

Agricultural Research Service k@_
U.S. Department of Agriculture ot






USDA Crop Yield Assessment

Crop Classification for Major Crop area using Remote Sensing
National Agricultural Statistics Service

Com for Grain 2007
Yield Per Harvested Acre by County

Soybeans 2007
Yield Per Harvested Acre by County






Web-naszd Decision Suoport Systei

Multi-level Approach

MODIS/VIIRS/Future Sensors

Climate

Algorithms
Statistical Model

Soils
I / Ground-based ancillary data

Integration of Remote
Sensing Parameters
in Crop Yield Models

@ Crop Yield models

Regional Mapping Crop Yields, Soil Moisture and Crop Water Deficit
10 km, county and state level






Integration of data for Modeling

Model

Apply Crop Yield &
Soil Carbon Models

|

e i
=

Model;
Initializatio —

Drivers£z o

Crop Yields & Soil
Organic Carbon

Solar Radiation
Rainfall
Temperature
Humidity, etc
Green Biomass
Residue cover
Crop type

Soil properties
Topography

Agricultural Research Service
U.S. Department of Agriculture






Mapping Crop Condition, Soil Moisture and Crop Yield
(- R
Corn Corn & Soybean
Landsat TM Soybean | Classified Image
'
MODIS — 250 m 'Canopy Reflectance
8-day Composite M¢odel
Emergence, Growth rate, Crop LAI Image
Peak veg growth,
senescence rate | l
Weather, Soils Data 3 Crop Yield
at 2.56 km2 Grid Simulation Model
1 3

\. J

Doraiswamy, P.C., et al., 2004. Crop condition and yield simulations Using Landsat and MODIS imagery,
Remote Sensing of Environment, 92: 548— 559. 2004.

Agricultural Research Service
U.S. Department of Agriculture
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Integrating Remote Sensing Data in Crop Yield Models
2007 Corn Yields, 2.56 km Resolution

U.S. Corn Belt

Yield (bu/ac)
® <=120
121 - 140
141 - 160
® 161 - 180
181 - 200
® >200






Soll molsture (mm)

Soil moisture (mm) Soil moisture (mm) Soil moisture (mm)
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Statistical Method for Operational Crop Yield Prediction

(MODIS 250m Resolution)

( )
> Landcover Classification
Crop and non-crop
Corn and soybean crop classification
> Crop Yields
Multi-regression algorithm using NDVI and
Thermal data N
| _\\ _5:\ %}f‘l s Yo
BB f;
! e e W o
. S\ T o
. o
Agricultural Research Service
U.S. Department of Agriculture %ﬂ






MODIS Classification of Corn and Soybean Areas, lowa 2006

~N

Il Com W Soybean 1 Ockm

J

Overall Classification Accuracy compared to Landsat classification is 82 %






Remote Sensing Based Predictions of Crop Yield
2002-2008

lowa Corn lowa Soybean
’(U\ 11600 ’CU\ 3800
I I
11400 - i
Y . Y 3800 R 20,9559 A
X 11200 1 R 2=0.9653 X, 3400 RMSE=89.1 kg/Ha .
o 11000 A RMSE=83.5 kg/Ha 0 A5G . .
S 40800 | k) .
Q e .9 3000
< 10600 - <
n ) - n 2800 4
2 10400 2 o
10200 - 1
5 5 2400
10000 - -
<D( 9800 <D(
1 2200 -
%) ) ¢
> 9600 ' ' ' ; > 2000 . ; ; ; . ; ; ;
10000 10500 11000 11500 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800
Predicted Yields (Kg/Ha) Predicted Yields (Kg/Ha)
Illinois Corn Illinois Soybean
12000
,§ /I“? 600
J R #=0.8814 N 400 R 2=0,7436
Q i RMSE=335.7 kg/Ha . Q RMSE=136.3 kg/Ha *
o’ ™ 4
0 n 200 ..
© ) °
© ® . ©
< 10000 < 000 -
(7)) ) ° .
2 2 800 -
Z 9000 - . =
S S
< - < 600
2 ? .
D 8000 y ; ' D 400 : i . . .
8000 9000 10000 11000 12000 2400 2600 2800 3000 3200 3400 3600

Predicted Yields (Kg/Ha) Predicted Yields (Kg/Ha)






Corn and Soybean Yield Prediction 2005 Crop Season

Corn

lowa Corn Yield
ARS Predicted, September 22

m e 10210
ﬂ o o e

m 17388

1624

State Yield:

170.84 179.08 | 18066 | 1gog | 184.93

176.41

17618 18843 | 18893 | 1885

17354 18529 | 188.23 | 19350 | 18874

166.47

16879 [171.35

THZB4 | 16137 | 16293 | 16214
18574 [ 18321 | 16448 | 15296

173.18

160.37

163.89 | 160.82
152 L 160.8

Legend
jacnty15
2005_corn

[ 1415181 - 159.4704

l:l 1884710 - 1667514
l:l 186.7515 - 177.3802
l:l 177.3903-184.7204
184.7210- 1837579

Crop Yield = 7 (NDVI, Ts))

Remote Sensing based algorithm
using NDVI and Thermal data
(MODIS sensor)

Soybean

Legend

iacnty15
2005_soybean
[ 221888 - 42,1070
[ ]43.1071-458475
[ ]458476-478154
[ ]a78155-43.2300
[ J4a2310-517570

lowa Soybean Yield
ARS Predicted, September 22

STATE YIELD. NASS 51 b/ac

ARS 47 bfac

50 65

50.85

4g.86
- ﬁ

4518

60.22

4845 4738

4734

48 53

5001 | 5096
4457 | 4614 | 4742
44 46
4318

4672 | 482 | 4840 4

48.14 14579

. 4654 46.08
4568 | 4485 | 4516 | 44721

ﬁ 4B.05 44 54

45.82

44 36






On-Going & Future Research and Applications

« N
Expand from
Tt (e US (?orn Belt to Majo_r Crop
Other Sensors Spring Wheat Production Areas
& Winter Wheat Outside U.S.
- AWIFS N & S Dakotas Brazil
= VIIRS Montana - Argentina
MERIS Kansas : Australia
SPOTVEG Oklahoma Russia
Texas Kazakhstan
Ukraine
& o,

Agricultural Research Service
U.S. Department of Agriculture






Food Security & Vulnerability to Climate Change

~
. Development of appropriate regional database for assessment of vulnerability

- Solls (classification, physical and chemical properties)

- Current landcover and landuse (satellite imagery)

- Historic local/regional climatic data (temperature, precipitation)
- Crop Yield statistics

. Develop agro-climatic regional zones of study region

. Yield model adaptation/ calibration with region-specific data.
. Climatic database for future change (daily/monthly)

. Potential changes in landcover/landuse

. Develop “change Scenarios” for mitigation and adaptation based on:
- temperature/precipitation

- shift in agro-climatic zones

- shift in landcover/landuse

. Develop a decision support system to manage and adapt to climate change.

»






USDA aa

Agricultural Research Service

U.S. Department of Agriculture Thank You g;fl_ﬁm
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Goddard Space Fllg,

Lige Enabhng the Reallty of Tomo

Dr, Shahid Hablb M ST
" Chief, Office of Applled Suences
‘Earth Science Division '
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Space Operations Aeronautics

Space Exploration | | Science
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We transform huﬁ underétahdlng

g h . of Earth and Space
nthrough mnovatlon exploratlcm and dlscovery .
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" | Putting ideas into spa_cé...
S oy il M « . Bringing knowledge home






Planetary Science

Earth Science





Hubble Servicing Mission 4

In Goddard’s servicing mission 4 to the Hubble Space telescope,
Astronauts will upgrade NASA'’s greatest observatory with new

instruments and technology to increase its scientific capabilities
and extend its on-orbit lifetime.






Goddard Space Flight Center, Maryland
Wallops FIight Facilit'y, Virginia

V&V FaC|I|ty, West Vlrglma
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Goddard’s Mission History

We have:

launched over 290 space research missions in 50 years.

launched over 16,000 suborbital and orbital rockets from
Wallops.

 the largest cadre of space scientists in the world.

* led space communications since the inception of human
spaceflight.

« developed and manage the largest civilian information system in
the world.

» over 40 years of experience managing the development of
weather satellites.

* built and operated more research satellites dedicated to the
study of our home planet than any other institution in the world.






. Wage Grade
Technicians 1% Clerical

)

T~

-z

Scientists &

Professional/
Administrative
28%

GSFC FY08 Workforce
Total Civil Servants:

Total Contractors:

Total Civil Service Scientists

Total Workforce:

3,206
4,752
703

7,958

GSFC FY08 Budget Request

e $2.9 B Total Annual Budget

¢ |Includes $428M in Reimbursables

Engineers
60%






Dr. Neil Gehrels Inducted National Academy of Sciences

into American Academy of  pr, John Mather 2006 Nobel Prize awards the 2008 Arctowski
Arts and Sciences 2008 Medal to Dr. Leonard Burlaga

=

Dr. Christa Peters-Lidard 2007 Dr. Claire Parkinson elected to the

: Dr. Mario Acuna 2007 elected to ) : B
Arthur S. Flemming Award National Academy of Sciences lz\lgct)lgnal Academy of Engineering in






The Goddard Institute for Space Studies (GISS) located in New York City, an
integrated part of GSFC Earth Science

GSFC scientists are observing and modeling climate
change caused by human activities, with the biggest
driver increasing Carbon Dioxide — which is causing the
Earth to warm-up, resulting in the glaciers and polar ice-
caps to melt and other effects on the Earths climate

“Dr. Jim Hansen
National Academy of Sciences





Study Earth from space to advance scientific
understanding and meet societal needs.

\

Tropical Rainfall
Measureing Mission
(TRMM)

& -

e .

Gravity Recovery Ice, Clouds,and

And Climate Experiment Land Elevation ; ;

B New Millennium Program -

(GRACE) Satellite (ICESat) - 9 Solar Radiation and
Earth Observing-1 . .
(NMP EO-1) Climate Experiment

I (SORCE)

Landsat Data
Continuity Mission GPM
(LDCW™)

\ NOAA Polar Operational

Aquarius - : ; . .
Geostationary Environmental Satellite National Polar-Orbiting
Operational (POES), Nand N' Operational Environmental

Environmental
Satellite (GOES)
GOES O/P/R

Satellite System (NPOESS)
Preparatory Project (NPP)

|:| Missions in Development
|:| Missions in Operation

ICESAT-2





How does the Earth work?

How is the Earth changing?

Are human activities altering the chemical composition of the planet

How does our changing environment affect life on Earth?

Earth System

Forces acting on the & o Earth system
Earth system _ ' responses IMPACTS

Feedbacks






Radiation and
Temperature
Variability

Solid Earth and
Interior

AN

Atmospheric
Chemistry

Water Cycle






Atmospheric Gases

Reflected solar Incoming solar Outgoing longwave ‘
radiation radiation radiation 235
107 W m-2 342W m-2 235 W m-2

lonosphere (Aurora)

CO,(ppm}

Reflected by Emitted by the
clouds, aerosol atmosphere 4 Atmospheric I.
and atmosphere 165, d window Mesosphere

40

67 Absorbed by the

‘ atmosphere
Greenhouse

gases

CH,(ppb)
N

Troposphere

Layers of the Earth's atmosphere

324
Back
radiation

168

Absorbed by 'Nermals Evapo- Surface

the surface 24 "!ﬂsggﬂion

radiation

Natural Earth Orbital Perturbations

Precession
Eccentricity ™™ Obliquity

) Warlation in Axial Gbdquiny

7%






Societal Benefits





Observations

Observing Cycle

Measurements

Areas

Models

*Vegetation

*Biological productivity

*Surface Tem
*Precipitation

P

Products

Leaf area index
Vegetation index

*Snow Cover Humidity
Surface Elevation _ Evapotranspiration
sLand Use - Energy Fluxes
*Fire Occurrences

*Total Surface Irradiance

*|ce Sheet Elevations -

elce Volume ;

*Clouds and Radiation
*Tropospheric

Chemistry

*Stratospheric

Chemistry
*Aerosols

*Volcano Effects
*Meteorological

Variables
*Sea Ice

*Surface Wind Fields
*Ocean Circulation

*Sea Height

Climate

The A-Train

variability

Societal
needs



http://www.esa.ssc.nasa.gov/m2m/model_report.aspx?model_id=130

http://www.esa.ssc.nasa.gov/m2m/model_report.aspx?model_id=146

http://www.asd.ssc.nasa.gov/m2m/sensor_report.aspx?sensor_id=317

http://www.esa.ssc.nasa.gov/m2m/model_report.aspx?model_id=101



Can turn
INto a
Disastrous
situation

NatuFaI
Disasters

Agriculture

5

Ecosystems

T

Air Quality

Public Health

Climate





Hazards feeding Hazards

Earthquake/
Tsunami

= Spread of

: Multiple

Contaminated Infectious

curren Fresh Water Diseases

oi\Floods Supply

»
>

Agriculttyre
Efficiency
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L Breathing
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Dust
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»
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http://www.giss.nasa.gov/data/update/gistemp/graphs/

http://www.esa.ssc.nasa.gov/m2m/model_report.aspx?model_id=101

http://www.giss.nasa.gov/data/update/gistemp/graphs/

http://earthobservatory.nasa.gov/NaturalHazards/Archive/Jun2005/algeria_amo_2005151_lrg.jpg



. September Sea Ice Extent (millions of km?)

1980 1985 1990 1995 2000 2005

Year

average sea ice
minimum ('79-'07)

In 2007, Arctic summer sea ice reached its lowest extent
on record - nearly 25% less than the previous low set in
2005. At the end of each summer, the sea ice cover
reaches its minimum extent. The area of the perennial ice
has been steadily decreasing since the satellite record
began in 1979, at a rate of about 10% per decade. But the
2007 minimum, reached on September 14, is far below the
previous record made in 2005 and is about 38% lower

seaice extent
September 14, 2007 e

than the climatological average.

| ——
N

<

3

Scanning Multichannel Microwave Radiometer

Nimbus-7

Special Sensor Microwave/Imager
Defense Meteorological Satellite Program
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s

August 1973 September 1986

T

September 2003
air photo

Ref: D. Hall





300
200
100

Total Gulf of Alaska glacier region mass

evolution. ey

Spatial distribution of 4-yr. net balance
~49,000km? spatial resolution

.-; 21g -

‘o

0 .

4-yr Trend =-84.2 + 8.0 Gtyr 4
3-yr Trend = -102.1 + 9 Gtfyr
Ann. Amp. =123.3 = 11.0 Gt

| | T
2004 2005 2006 2007

Year

Largest negative net balance in
Yakutat and Glacier Bay

-24-22-20-18-16-14-1210-8 -6 4-2 0 2 4 6 8 101214 16 18 20 22 24

eq. cm h20 / yr

Luthcke, S.B., A.A. Arendt, D.D. Rowlands, J.J.
McCarthy and C.F. Larsen. “Recent glacier mass
changes in the Gulf of Alaska region from GRACE
mascon solutions”. Journal of Glaciology, Accepted
as profiled paper, issue 188, 08J057.

S.B. Luthcke et al., NASA GSFC, code 698






N% Decadal Trends of Sea Level (1992-2005)

1994 1996 1998 2000 2002 2004

56

-10 -b -2 2
mm/year

Reference: Lee-Lueng Fu/JPL 1994 1996 1998 2000 2002 2004





Ocean Salinity

One Week of Salinity Measurements from Space

§

3
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120E 180E 180 150w 120w aow Q Aquarius

Fig. A2-1. Annual mean salinity (PSS) at the surface .
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m‘g\sﬁ 7-Year AOD Land & Ocean Trends

Land ——vy =0.20-0.00022x R=0.196
Ocean| — -y=0.14 +0.00011x R=0.277

* Decrease over land,
except E Asia +
tropical Africa, S
America, Indonesia
burning seasons

* Increase over ocean,
especially downwind
of biomass burning
areas
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« Pixel-weighted, aggregated monthly from the 1°x1° Level 3 product

» The Ocean AOD increase is +0.009 (7%) over seven years
[significant at the 95% confidence level]

« MODIS/Aqua - Similar ocean AOD trend, but offset by ~-0.12

Remer et al, GRL submitted





2007 California Fires

MODIS and Hyperion imagery of October 21-
29, 2007 S. California fires

MODIS (VIS bands) Hyperion (SWIR bands)

MODIS and EO-1 showed fire moving AWAY from Tijuana, There
was no need to continue evacuation planning per Police
Command Center in Mexico
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Flood Potential | Flooding

DFO analysis generally validates flood estimates from real-time hydrological
estimations using satellite rainfall

Ref: Adler/GSFC





N@gﬁ Malaria Modeling and Surveillance

Per CDC, Malaria affects 350-500 million people in Africa and
South East Asia; and over 1 million die every year

To detect, predict, and reduce malaria risks in Thailand, Indonesia, and
Afghanistan using remote sensing data and malaria epidemiological
records

MODIS, TRMM,
AVHRR, and other
remote sensing data

Actual and predicted
malaria prevalence

| f‘ %
1~ :-«35'

‘g’ ==

T W for some Thailand
3,,‘ b Sffﬁ‘ are used. Temp_eratL_Jre, provinces. Neural
. =h i 1 -3 NDVI, and precipitation network methods
| #' are shown here for four are used
, ) Thailand seasons. '
N BN BN KN

# ! Detection of potential
A larval habitats of
Anopheles sinensis’

Observed and
modeled sporozoite”
cases in Anopheles
minimus” at a Thai
test site.

* - infecting parasites type causing Malaria
gp yp g Ref: Kiang/GSFC





Science Research
Data and Products

Partnership

Engineering Management
Requirements Joint Agreements,
and Oversight and

Implementation Coordination






What are the causes of water cycle variations?

What changes to soil moisture and to terrestrial water storage are expected?
How are the water and biogeochemical cycles linked?

Are the variations in the global and regional cycles predictable?






Thank You
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SERVIR

Funded by NASA Applied Sciences Program/ USAID

Started as competed proposal under NASA REASoN CAN - 2003
Initial area of interest - Mesoamerica

Spanish (and French) for “to serve”

Web portal serving a network of end-users

GIS tools, satellite and model products

» Disaster Mitigation

« Agriculture

* Fire Detection

e Land Cover/Land Use

* Forest Monitoring

 Red Tides

* Climate Change

* Drought Monitoring

* Research & Capacity
Building






Expansion of SERVIR project to Africa - 2006

Interest from HQ

Strong interest (and matching funds) by USAID
Opportunity for GSFC collaboration with MSFC
Applied Sciences Program Solicitation “Decisions07”

How to Start ?? — Learn from experiences of our
colleagues working in Africa: Michael King, Assaf
Anyamba, Charles Gatebe, Molly Brown, others

Google, of course





Guinea-Bissau

Burkina
Faso

AGRHYMET Regional Centre
NIAMEY, NIGER





Burkina

Benin ‘
Faso Ghana

B RECTAS

Regional Centre for Training in Aerospace Surveys

lle-1fe, Nigeria





Southern African Development Community
SADC

Gaborone, Botswana

Mauritius

Malawi
o

Mozambique

Swaziland Madagascar

Lesotho





Eritrea

RCMRD

Regional Centre for Mapping of Resources for Developmenf
Seyc

Comoros
‘r _ Mayotte

- RCMRD Contracting
- RCMRD Non-Contracting

! | Mauritius
Nairobi, Kenya |
Malawi
Reunion
Mozambique
Swaziland Madagascar

Lesotho





AARSE Conference —October, 2006 Cairo, Egypt
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RCMRD — Nairobi, Kenya

Established in Nairobi, Kenya in 1975 under the auspices of the United Nations
Economic Commission for Africa (UNECA) and the then Organization of African Unity (OAU)





RCMRD Priority 1 — Flooding, espc. in Lake Victoria Basin
RCMRD Priority 2 - RIift Valley Fever Early Warning






SERVIR Africa Proposal

Selected December 2007
3 Years funding- start April 2008
P.l. — Dan Irwin, MSFC

Co-I's
— F. Policelli (GSFC)
— S. Habib (GSFC)
— R. Adler (GSFC)/ Y. Hong (U. Oklahoma)
— C. Tucker (GSFC)/ A. Anyamba (UMBC @ GSFC)
— R. Brakenridge (Dartmouth Flood Observatory)





Main Products

Hi resolution hydrological model for Lake Victoria Basin

“2hd Generation” global hydrologic model, based on VIC
model (contributor)

— Flood potential

— 1 to 5 day flood forecasts

Near real time, near daily MODIS flood mapping

Improved Rift Valley Fever Risk Mapping products
(contributor)

SERVIR Africa Website

Evaluation of products for triggering sensor web (EO-1
lead)

USAID - equipment (servers, data storage), and funding
for personnel





EO-1 Training for SERVIR partners
In Panama, April 2008






Web Developer:

Jen Sun (SSAI)

SERVIR
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Flood Potential Using Hydrological Model

Flood Potential

. Data S10, NOAA, U5, Navy, NGA GEBCO : l i
. BED «Google
fliechnelogies
Image @ 2009 TerraMetrics
1°23'56.78"N 25°18'23.25"E Eye alt 8604.64 km O






evere Flood Potential Report

Areas with Severe Flood Potential on 04/06/2009 030072
Analysis generated at 04/06/2009 1706Z

COUNTRY | WATER LEVEL & Latitude/Longitude NEARBY LOCATION

Gabon [184mm 0.38 9.38 [- 9.43km from LIBREVILLE/LEON MBA 0.45 9.42
[COUNTRY | WATER LEVEL & Latitude/Longitude || NEARBY LOCATION |
[Madagascar [[126mm -14.B8 49,63 |- 25.00km from ANDAPA -14.65 43,62 |
[Madagascar [[126mm -15.88 48.53 |[- 130.70km from ANTSOHIHY -14.88 4758 |
[Madagascar [1a2mm -17.38 45.13 |[-81.02km from SAINTE-MARIE ARPT -17.08 45,82 |
[Madagascar [[135mm -15.63 48,13 |F-121.20km from ANDAPA -14.65 43,62 |
[Madagascar |[137mm -14.13 49,83 |- 58.00km from ANDAPA -14.65 43.52 |
[Madagascar [Ha7mm -15.13 50.13 |[-28.57km from ANTALAHA/ANTSIRABAT -14.88 50.25 |
[Madagascar [[138mm -14.63 49,63 |F- 2.00km from ANDAPA -14.85 45,62 |
[Madagascar |[138mm -17.13 45,13 |[-74.17km from SAINTE-MARIE ARPT -17.08 45.82 |
[Madagascar [[139mm -16.88 45.13 || 77.20km from SAINTE-MARIE ARPT -17.08 45,82 |
[Madagascar [[139mm -16.88 45,53 |[-28.73km from SAINTE-MARIE ARPT -17.08 45,82 |
[Madagascar [[140mm -17.38 48,38 |- 57.43km from SAINTE-MARIE ARPT -17.08 45.82 |
[Madagascar [146mm -15.38 45.38 |- 85.07km from ANDAPA -14.65 45.62 |
Madagascar 147mm -14.38 49,83 - 30.00km from ANDAPA -14,85 48,62

Madagascar [14Bmm -15.88 48,53 [- 128.85km from ANTALAHA/ANTSIRABAT -14.88 50.25
Madagascar [149mm -17.63 49.38 [- 55.04km from TAMATAVETOAMASINA -18.12 49.40
Madagascar [150mm -14.88 50.13 [- 13.00km from ANTALAHA/ANTSIRABAT -14.88 50.25
Madagascar [152mm -15.38 48.88 [-88.01km from ANTALAHA/ANTSIRABAT -14.88 50.25
Madagascar 154mm -16.13 48.88 - 148.41xm from SAINTE-MARIE ARPT -17.08 45.82
Madagascar 156mm -14.63 49,88 - 27.07km from ANDAPA -14. 85 48,62

Madagascar 157mm -16.88 49.38 I~ 51.88xm from SAINTE-MARIE ARPT -17.08 49.82

Madagascar 165mm -16.13 48.63 - 155.18km from ANTSOHIHY -14.88 47.98
[Madagascar [[166mm -14.88 45,88 |[-26.80km from ANDAPA -14.65 45.62 |
[Madagascar [[iT0mm -17.13 40.38 ||~ 47.27km frem SAINTE-MARIE ARPT -17.08 48.82 |
[Madagascar [[f74mm -14.13 50.13 |F- 17.48km from SAMBAVA SUD -14.28 50.17 |
[Madagascar [A74mm -14.63 50.13 |[-30.87km from ANTALAHA/ANTSIRABAT -14.88 50.25 |
[Madagascar [[{80mm -15.13 49,63 |- 53.00km from ANDAPA -14.85 49.62 |
[Madagascar [[192mm -14.13 49.88 |F-38.24km from SAMBAVA SUD -14.28 50.17 |
[Madagascar [[200mm -14.38 45,88 |[-32.57km from SAMBAVA SUD -14.28 50.17 |
[Madagascar [[262mm -14.38 50.13 |- 10.77km from SAMBAVA SUD -14.28 50.17 |
[Madagascar [E11mm -15.63 45.88 |[-82.14km from ANTALAHAJANTSIRABAT -14.88 50.25 |
[Madagascar [[224mm -15.13 45.88 |[-48.26km from ANTALAHA/ANTSIRABAT -14.88 50.25 |

COUNTRY | WATER LEVEL & Latitude/Longitude NEARBY LOCATION

Saudi Arabia [12Bmm 17.13 47.63 [- 86.03km from SHARURAH [CIV/MIL) 17.47 4712
[Saudi Arabia [H47mm 18.63 45,13 |[- 247 B4km from SHARURAH (CIV/MIL) 17.47 47.12 |
[Saudi Arabia [[18omm 17.38 47.63 |[- 53.84%m from SHARURAH (CIV/MIL) 17.47 47.12 |






Flood Potential Using Hydrological Model

Flood Potential I ( I

Data SIO, NOAA U5, Navy, NGA, GEECC.
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Flood Forecast Report

This is an experimental product for Science purposes only.

FORECASTED Flood Potential at 04/07/2009 03002

Forecast generated at 04/06/2009 1718Z

[COUNTRY || WATER LEVEL & Latitude/Longitude |

NEARBY LOCATION

|
[Madagascar |[125mm -15,38 48,38 |- 88.20km from ANTSOHIHY -14.88 47 .58 |
[Madagascar |[133mm -18.13 45.38 |2 00km from TAMATAVETOAMASINA -18.12 45.40 |
[Madagascar |[f38mm -15.88 48,63 | 128.654m from ANTALAHA/ANTSIRABAT -14.88 50.25 |
[Madagascar |[138mm -16.88 4913 [l 77 20km from SAINTE-MARIE ARPT -17.08 49,82 |
[Madagascar |[139mm -17.88 43,38 |F-27.07%m from TAMATAVETOAMASINA -18.12 45.40 |
[Madagascar |[145mm -14.13 5013 |- 17.48km from SAMBAVA SUD -14.28 5017 |
[Madagascar |[{4&mm -15.88 45,38 |- 138.45km from ANDAPA -14.65 45,52 |
[Madagascar |[148mm -17.13 48,38 |- 47.27km from SAINTE-MARIE ARPT -17.08 45,82 |
[Madagascar |[150mm -15.13 5013 |} 28.87%m from ANTALAHA/ANTSIRABAT -14.88 50.25 |
[Madagascar |[159mm -16.88 49,38 [~ 51.88km from SAINTE-MARIE ARPT -17.08 49,82 |
[Madagascar |[A71mm -14.38 5013 [F= 10.77km from SAMBAVA SUD -14.28 5017 |
[Madagascar |[A73mm -1563 48 38 [l 83.02km from ANTSOHIHY -14.88 47 98 |
[Madagascar |[1B2mm -16.88 45,63 |} 28.73km from SAINTE-MARIE ARPT -17.08 45,82 |
[Madagascar |[183mm -15.63 49,88 | 22.14%m from ANTALAHAJANTSIRABAT -14.88 50.25 |
[Madagascar |[188mm -16.13 48.38 [} 145.21km from ANTSOHIHY -14.88 47 48 |
[Madagascar [[214mm -16.13 48,63 |- 155.18km from ANTSOHIHY -14.88 47 88 |
[Madagascar |[235mm -15,88 48,38 [F-118.68km from ANTSOHIHY -14.88 47 98 |
[Madagascar [[239mm -15.88 48 63 [ 130, 70km from ANTSOHIHY -14.88 4758 |






GDACS! Global Flood Detection System?

Image @ 2009 TerraMetrics
& 2008 Tele Atlas

@ 2008 Europa Technologies 2008 (J()OSIC I

SData|SIO) NOAA, U'S Navy, NGA, GEBC®
3'44'14.15"S  24°55'28.08" E — Eye alt 11585.20km ()

(1) Global Distaser Alert and Coordination System
(2) Based on AMSR-E relative brightness temp.






Signal (4 day average of M)

Global Flood Detection System

Zambezi (Zambia)
M/C=2.05377668308703 on 3/8/2009

Flood signal 3-8-2009 for Site 284
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Days (ordered as table below)

Joint Initiative of the Dartmouth Flood Observatory and the European Commission





NASA Global Flood Potential Product
shown with
GDACS Global Flood Detection System

Flood Potential Using Hydrological Model

Flood Potential

Image © 2008 TerraMetrics
© 2009 Europa Technologies

© 2008 Tele Atias P 2008 GOOSIC '

" Data SO, NOAA, U.S. Navy, NGA, GEBCO ’
3°15'12.54"S 28°02'02.48"E Eye alt 10440.16 km ()






Near real time, near daily MODIS flood maps

o s ot

i e e M e g
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Current Flood Water -
March 24-25, 2009

2000 [
Previous 2008
Floods: 2007

* May include 2002
cloud shadows 2001
2000
1999
1998
1997
1996
1995
1994
1993

MODIS reference water
(Sept. 9, 2008)

Urban areas |

G. R. Brakenridge

Dartmouth Flood Observatory
Dartmouth College

Hanover NH 03755 USA

Universal Transverse Mercator
UTM Zone 38 South; WGS 84
Graticule: 2 degrees

Collaboration with Dartmouth Flood Observatory





International Red Cross Reports

« Angola March 4, 2009

“Heavy rains have been reported for the past 3 weeks to the
southern Provinces of Angola with particular focus on Cunene
Province with 3 out of 6 municipalities heavily affected and isolated
as roads and fields are flooded. The Municipalities are. Cuvalai (4
communes),Kwanhama (5 Communes incl Provincial Capital),
Namacunde (2 comunes). The global population of Cunene is
731.312 inhabitants with approximately 150.000 directly affected in
the mentioned Municipalities.4719 houses are reported destroid
and 4719 families displaced. Large amount of farmland and
cropts are flooded and lost in particular. No death to humans
reported but large amaunt of small animals have been lost.
There remains a major risk for epidemic desease outbreak due
to lack of safe drinking water and to latrines.”
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TMPA Precipitation
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IR| Forecast Precipitation Anomal

Precipitation Forecast in Context Map Tool

©

Data Library

Maproom
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Forecasts

Forecasts
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Printable Page
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Instructions for Use of this Tool

Map Selection

& Six-Day Total Forecast
Precipitation Anomaly (ESREL)

© Six-Day Total Forecast
Precipitation (ESREL)

© Six-Day Total Forecast
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© Six-Day Total Forecast
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" Seasonal Precipitation Forecast
{IRI)

© PiC: Same Tendency in Seasonal
Forecast and 3-Month Precipitation
Observation (IR

© PiC: Reversed Tendency Between
Seasonal Forecast and 3-Month
Precipitation Observation (IRI)

© Monthly Precipitation Climatology
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Rift Valley Fever Outbreak Risk

Rift Valley Fever Risk Map
(Livestock and human disease
transmitted by mosquito)

Based on NDVI

Precipitation and Temperature
information also used

Sensors: MODIS and AVHRR

el

RVF Potential February 2009

...........................................

RVF risk areas,

humans and livestock’ present .
RWF r.isk areas,
humans and livestock: absent
____________________ =30
. RVF p:mtenh'al epizuutré: areas : . : :
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SERVIR Africa Ribbon Cutting Ceremony,
November 2008






Near Real time EO-1 data
of flooding in Kenya and Uganda
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Next Steps (1)

Complete gathering of in-situ
measurements for Lake Victoria Basin

Complete LVB hydrologic model

Validate 2" generation global hydrologic
model, LVB model

Progress toward automated quick-look
MODIS flood maps





Next Steps (2)

Workshops with RCMRD and Kenya,
Tanzania, Uganda Disaster Management
agencies and other stakeholders

Participate in and Benefit from EO-1
team’s “sensor web”

Partnerships with other remote sensing
centers in Africa....

New applications — anyone familiar with
wheat stem rust ??





Tanzania Meteorology Agency






try

INIS

Tanzania Water M






SERVIR-Africa Collaborators

Implementing Agencies

Government agencies

7 @®AAG  SGSDI

GEOGRAPHIC LEARNING AMERICAN GEOGRAPHERS
ustainable Development

ITC

FiJacoBs

ESTS Group



http://www.cathalac.org/

http://www.nasa.gov/

http://www.usaid.gov/

http://www.ssaihq.com/

http://www.iagt.org/index.asp

http://www.unep.org/

http://www.gsdi.org/



The Famine Early Warning Systems Network

FEWS NET is a USAID-funded activity that works to strengthen the
abilities of countries and regional organizations to manage risk
of food insecurity through the provision of timely and analytical
early warning and vulnerability information.

Oct-Dec 2008

[ IGenerally Food Secure 1
Moderately Food Insecure
[ Highly Food Insecure
B Extremely Food Insecure B

BlFamine . iy
[ INo Data

Geographic Extent of
FEWS NET’s 23 countries





Early Warning Context UMD

NASA

NOAA UCSB

Z
United

NationsWorld Food
Program

E> USAID EFP and
other Nations /
@:> Affected Regions and

Local Governments

‘Early Warning’ (EW) programs provide Information so Governments can
respond to Food Security problems before lives or livelihoods are lost.

Legend:
GIEWS: Global information and
early warning system
EWS: Local Early Warning Systems
FEWS NET: Famine Early Warning System Network
USAID FFP: Food for Peace Program





Diversified and targeted

iInformation products

And an integrated early
warning information

Country
Reports

system....

Regiona

FEWS

xecutive
verview

NET

The USAID FEWS NET Weather o
Hazards Impacts Assessment for Africa  FE\WS y*‘* NET
AlID October 23 — 29, 2008 PN EARLYWARAIG STSTEMS RETHRK

* Inthe last seven days, consistent rains were observed across many parts of southem and eastern Ethiopia, Somalia and
northeastern Kenya. As rainfall totals remain above-average for the October-December season, anomalous moisture
continues to replenish water resources, and is beginning to improve areas impacted by lang-term drought.

* Tropical actvty i h Indian Ocean basins Is expected Lo bring Increased molsture Lo paris of the Greater Hom and Southern
Africa. An cyclone N the southem Indian Ocean may result in significant amounts of
rain and potential localized ﬂoudmg along eastern Dur\lons of Madagascar.

1) Abundant October rainfall is providing relief for many
local areas in Kenya's Northemn Rift Valley, Ethiopia’s
SNHPR and Somali region, as well as southern and central
parts of Somalia. While many local parts of these regions
have faced unrecoverable losses in livestock, deteriorated
pastoral and agro-pastoral condiitions, and consecutively
failed crop seasons, an above-average October-December
rains season would finally help recharge water resources
and increase drinking water availability. A surplus in
moisture could also benefit early season planting activities
in southem Somalia and central Kenya.

2) Much of southwestern Ethiopia and southern Sudan ias
abundant and rainfall,

3) Poor June-September rains are likely to lead to reduced
crop yields, and degraded pastures in the Afar and Tigray
regions of Ethiopia, and into Eritrea and Djibouti. Many of
these areas also experienced a failed March-May rains
season. Much of this dryness extends southward into the
Oromia, Somali, and SNNP regions of Ethiopia, however
ample October rainfall is expected to help saturate soils
and promate the development of maize and sorghum crops

: e «~Tegend is very general, please see
in these regions. numbered descriptions for details.

4) Above-average rainfall since the beginning of July has 02 October Cropped Areas
resulted in increased water availability and favorable crop B Fevorobis
conditions across much of western Africa. L
%%, somenhat Favorable
5) A tropical disturbance continues to migrate westward I Fioosing
and may bring significant amounts of rainfall to parts of I Oougiht
Madagascar. High rain rates associated with this
disturbance may potentially lead to localized flooding along [ sovers Drought
the eastern coastline, as well as landslides in the higher I 1 reoving Drought
elevations of the island. O g s gt

Alert Market/Tra
Statements de

Executive Overview of Food Security Threats in
WNEI Sub-Saharan Africa April 21, 2004

Toimme

NET

Le Tchad: Alerte d'Urgence

alimentaire

Sans une aide accrue, la famine menace
les réfugiés soudanais
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M-CLiNe Architecture
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*Agricultural Efficiency
eLand Cover/Land Use
*Vector borne diseases

In situ data

S. Habib/NASA-GSFC
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Impacts of Climate Change on Food
Production and Water Resources

Radley Hortonl, Alex Ruane 1.2,

and Cynthia Rosenzweig?!

INASA Goddard Institute for Space Studies, New York, NY
2NASA/ORAU Postdoctoral Program Fellow

Goddard Space Flight Center
April 7, 2009





Adaptation Assessment Steps

Have a full understanding of current
climate risk and vulnerability

Anticipate future climate changes

Design for thresholds and ranges of
forecast temperature, sea level, hydrology

Evaluate potential adaptations
(cost/benefit, environmental impacts,
Indirect effects)

Insurance / hedging strategies
Monitor and reassess





Integrated
Climate Impacts
Approach

Climate Scenarios:

Calculate climate changes relative to baseline
Downscale if necessary
Modify observations to produce scenarios

GCM 1
GCM 2
GCM 3
GCM 4
GCM 5
GCM 6
GCM 7
GCM 8
GCM 9
GCM
GCM
GCM
GCM
GCM
GCM
GCM

Impacts Assessment Models:

Pass each scenario all the way through process
Only produce ensemble at end





Climate Risk Framework

Current Climate
e Current climate trends, indicators, and variability

Global Climate Models and Emissions Scenarios (Update —5 years)
e GCMs characterize climate uncertainty (IPCC AR4, 2007)
e GHG emissions scenarios span a range of development futures

- population, GDP, technology (1PCC, 2000)

- temperature, precipitation, sea-level rise

Regional Climate Scenarios for Key Variables
e Downscaled model-based probabilities
e Regional climate model (RCM) simulations

Extreme Events
e Frequency and intensity of heatwaves, flooding, droughts, and
storms

High Impact Scenarios
e Ice sheet melting and sea ice extent are monitored and evaluated





GCM-based Approach

A suite of 48 GCM projections is generated

32 16 GCMs and 3 emissions scenarios Delhi
for each spatial unit. " F
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Regional Climate Modeling

Domain Elevation and Sub-regions

Northern ..
Highlands

i
a

dc"*—-‘
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Hispaniola

Isthmus

Lowlands

Costa Rica






Validation Tools—High Resolution
PreC|p|tat|on Products

C‘hi:iFIFH Juilty procapinicn it

T
- i -

mrrd

Figure 3: Three-year-average of July precipitation rate, in

NASA missions lead to
products such as
TRMM, GPCP,
CMORPH, and
PERSIANN....

That can be used for
model validation
(hindcast
simulations) and
calibration

(future simulations).

mmy/day. Note that the precipitation maxima associated with

the Intertropical Convergence Zone and local topography /
mountains are captured by this high resolution proauct.





Model-based probability (%)
]

Sea Level RiIse

Two sets of sea level rise projections
are generated:

The IPCC model-based approach
includes four terms: local land
subsidence, local relative ocean height,
global thermal expansion, and
meltwater

The rapid ice melt scenario replaces the
model based meltwater term with sea
level rise rates (43 +/- 4 in/century)
observed during paleoclimate
analogues

Sea level rise (in)
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Biophysical Impacts on Agriculture
are Complex

Possible benefits e
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How to handle external effects?
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World Bank Study on Bangladeshi Agriculture

LEGEND
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* 16 sub-regions; rice and wheat

Multiple Layers of Impacts

« Biophysical model of potential plant
growth

— Simulates daily plant growth in each climate

scenario (>400,000 years run)
— Provides irrigation demand

. Hydrologic model of Ganges-

Brahmaputra-Meghna Basin

— Provides information about changing flood

damages

« Bay of Bengal model of coastal
inundation and salinity intrusion

" — Indicates arable land lost

 Computable General Equilibrium
Model of farmer decision

— Puts climate changes in economic context

Source: Bangladesh Center for Environment and Geographical
Information Services (CEGIS)
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% Change in National Potential Production for Irrigated Dry-Season Rice
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Key : . .
= CO, only Higher carbon dioxide concentrations
—Enszemble CO, + climate increase yield
* . (. 2 ) Warmer temperatures decrease yield
A = Median of fixed CO, only

s

= median, 25" and 75" percentiles

= tails extend to points out to 1.5 x inter-
quartile range, beyond are outliers

Inflection point is crucial

Gauge model and societal
uncertainties





% change in
potential rice
yield for each
Impact
component

CO2 effects
Temp. and Precip
Basin Floods
Sea Level Rise

Combined Effects

EECECE

(median displayed)
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Dinajpur Irrigated Dry-Season Rice
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Ishwardi Monsoon Rice
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Khulna Monsoon Rice
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Drought
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Agricultural Impacts

Adaptation and Economic Context

* Project design allows for

testable adaptation strategies

Farm-level management practices
Expanded irrigation

Flood levies

Management practices

Policy initiatives

e Lingering questions:

— Does comparative advantage shift?

How does Bangladesh’s climate

change impacts compare to trading

partners?

| T O T T T T T O TN T S T IO T O T
Impact of Relati i

[sea

elative Sea Level rise on Coastal Livelinood
Inundation Depth Map A s
Level Rise , 27 cm, U/S Flow : 2005] 4

Source: CEGIS and IWM





Global Crop Modeling Project

Eager for MENA Participation

IPCC, CORDEX,
NARCCAP, PRUDENCE,
CIRCE, ...

GCMP Core

Climate Scenarios

ICASA, EPIC, AEZ, APSIM,

UK, Netherlands, France, * Online Project
Crop Models #| Guidance, Archive, and
v Clearinghouse
Food Trade Models

USDA, IFPRI, World Bank, _
IIASA, CGIAR, ...
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Land Information System: Description,
Capabilities and Applications

Sujay V. Kumar, Ph.D.
SAIC and
Hydrological Sciences Branch
NASA/ Goddard Space Flight Center, Code 614.3,
Greenbelt, MD 20771

http://lis.gsfc.nasa.gov
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LIS Team and Collaborators

C.D. Peters- leard , S.V. Kumar'I YTlan ,J.V. GelgerI R.H. RelchleI C. AIongeI M. Gar'C|aI L.

ZengI,B. Li',]. L. EastmanI,S. OIdenI,L. nghty ). Eylanderz,K. E. Mitchell ,J.Meng 3,H.We| 3,

PR. Houser4, E.F.WoodS,J. Shefﬂelds, B. Doty6, P. Dirmeyeré,J.Adams6, X Zhan7 , V. Crow8

'NASA Goddard Space Flight Center 2Air Force Weather Agency, Offutt, NE
Greenbelt, MD

3NCEP Environmental Modeling “Center for Research on Environment
Center, NOAA/NWS, Camp Springs, and Water, Calverton, MD
MD

*Department of Civil and
Environmental Engineering, Princeton
University, Princeton, NJ

éCenter for Ocean Land Atmosphere
Studies, Calverton, MD

| 8USDA-ARS Hydrology and Remote
7NOAA-NESDIS Center for Satellite Sensing Laborator)/’ Beltsvi”e’ MD

Applications and Research, Camp

http.//lis.qsfc.nasa.qgov @/
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LIS - heritage

Q LIS is a land surface modeling and data assimilation
system (LDAS)

@ Capable of modeling at different spatial scales, globally
and regionally

Kumar et al. (2006): Land Information System: An interoperable Framework for High Resolution Land Surface
Modeling, Environmental Modeling and Software, Vol 21, pp 1402-1415.






LIS - heritage

Q LIS is a land surface modeling and data assimilation
system (LDAS)

@ Capable of modeling at different spatial scales, globally
and regionally

North American LDAS
1/8th degree spatial
resolution

Kumar et al. (2006): Land Information System: An interoperable Framework for High Resolution Land Surface
Modeling, Environmental Modeling and Software, Vol 21, pp 1402-1415.






LIS - heritage

Q LIS is a land surface modeling and data assimilation
system (LDAS)

@ Capable of modeling at different spatial scales, globally
and regionally

North American LDAS
1/8th degree spatial Global LDAS
resolution 1/4th degree spatial resolution

Kumar et al. (2006): Land Information System: An interoperable Framework for High Resolution Land Surface
Modeling, Environmental Modeling and Software, Vol 21, pp 1402-1415.






LIS - heritage

Q LIS is a land surface modeling and data assimilation
system (LDAS)

@ Capable of modeling at different spatial scales, globally
and regionally

North American LDAS
1/8th degree spatial Global LDAS global, regional, point
resolution 1/4th degree spatial resolution up to 1km and finer

Kumar et al. (2006): Land Information System: An interoperable Framework for High Resolution Land Surface
Modeling, Environmental Modeling and Software, Vol 21, pp 1402-1415.






Uncoupled or
Analysis Mode

Parameters
(Topography, Soil
properties, vegetation
properties)

Program

Meteorological
Boundary Conditions
(Forcings)

Land Surface Models (Noah,
CLM, Catchment, Mosaic,
HySSIB, SiB2, Sacramento,

SNOW17)

Energy
5 Balanct

Water and Energy
Fluxes, Soil Moisture and
Temperature profiles,
Land surface states






Uncoupled or
Analysis Mode

Parameters
(Topography, Soil
properties, vegetation
properties)

Program

Meteorological
Boundary Conditions
(Forcings)

Observations (Soil
Moisture, Snow, Skin
Temperature)

Land Surface Models (Noah,
CLM, Catchment, Mosaic,
HySSIB, SiB2, Sacramento,

SNOW17)

Energy

b [Balancy
3 &

) R

.
%z
<

Water and Energy
Fluxes, Soil Moisture and
Temperature profiles,
Land surface states

Data Assimilation (DI, EKF, EnKF)






Uncoupled or
Analysis Mode

v

Parameters
(Topography, Soil
properties, vegetation
properties)

Program Flow

Meteorological
Boundary Conditions
(Forcings)

Observations (Soil
Moisture, Snow, Skin
Temperature)

Land Surface Models (Noah,
CLM, Catchment, Mosaic,
HySSIB, SiB2, Sacramento,

SNOW17)

Water and Energy
Fluxes, Soil Moisture and
Temperature profiles,
Land surface states

Data Assimilation (DI, EKF, EnKF)






Uncoupled or
Analysis Mode

v

Parameters
(Topography, Soil
properties, vegetation
properties)

Program Flow

Meteorological
Boundary Conditions
(Forcings)

Observations (Soil
Moisture, Snow, Skin
Temperature)

Land Surface Models (Noah,
CLM, Catchment, Mosaic,
HySSIB, SiB2, Sacramento,

SNOW17)

Coupled or
Forecast Mode

Water and Energy
Fluxes, Soil Moisture and
Temperature profiles,
Land surface states

Data Assimilation (DI, EKF, EnKF)






LIS Architecture

Core Structure and

Features

Time
Management
Tools

Logging and
Diagnostic
Tools

LIS Core

High
Performance
Computing

Configuration

Tools

Geospatial
Transformation
Tools

IO
Management
Tools

Abstractions

Sample Use Case Implementations

Land
Surface
Model

Running
Mode

Meteorological

Inputs

Land
Surface
Parameters

Noah
CLM
Mosaic
Catchment
SiB2
Hyssib
Sacramento
SNOW 17

Analysis
Forecast
Coupled

NLDAS
GDAS
CMAP

CMORPH
ECMWEF
AGRMET
GEOS
TRMM

Landcover (UMD,
USGS, MODIS)
Soils (FAQ,
STATSGO)
Topography (USGS)
LAI (AVHRR/
MODIS)
Greenness (AVHRR/
MODIS)
Albedo (AVHRR/
MODIS)

Domains

=:

Data
Assimilation

Lat/lon
Gaussian
Lambert Conformal
Mercator
Polar Stereographic

Direct
Insertion
EnKF

Optimization

PEST
Genetic
Algorithm






Data Assimilation Capabilities in LIS

Observations
Soil Moisture

Snow
Temperature

LIS

Simulation

Data Assimilation
Algorithms

DI
EnKF

Run land surface
model (Forecast)

>

LSM_State ( %}, )

Xy = fe(X), W)

Read Observations

Land Surface
Models

Noah
CLM
Catchment

Observations Data Assimilation
Module Module

OBS_State ( Yi+1)

Analysis

LSM_State ( %/, ; )

K =%+ Ky — Hen(%,))

Supports different sequential data
assimilation algorithms (rule-based,
EnKF with dynamic bias correction)

Multiple observational sources - soil
moisture, snow, skin temperature

Multiple land surface models

Kumar et al. (2008):A Land Surface Data Assimilation Framework using the Land Information System: Description and
Application, Advances in Water Resources, doi:10.1016/j.advwatres.2008.01.013.






Optimization/Model
Calibration Support

a) Default Soil Texture b) Optimized Soil Texture

38

~ [Mean = 0.1478

W 10989 100.86W 109530

SIMULATED

" [Wean = 0.2209

Decision Space Objective
(Parameter Space
Space)

PBMR

flux e T
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Coupled Land Atmosphere
System - LIS and WRF

A

The Integrated LIS-WRF system provides a testbed that enables:
e Multiple land physics options
® Ability to use high resolution initial conditions generated from a LIS spinup

Ensures consistency in model physics and parameters across forecast and spinup

simulations

Precipitation Spread (in) : (MP) - Total Precipitation Spread (in) : (LAND) — Total
O S SR e ! - PR L TR TR






| ‘_‘," N\ Integration of LIS as an application

A AN
i AN framework into the MRC RPC
-~ i ' e s
BN '\ \\ Infrastructure

% To generate physically consistent soil

moisture maps in order to enhance and ,
extend SCAN Decision Support Tool (DST), e g
for conservation planning and management Pasture
% Evaluate the potential of LIS to enhance soil Perthshin I - Coodwiplcresk
moisture predictions using satellite = Sandy Ridge
observations, such as AMSR-E P L starkville
SHonin ilver City}

Issaquena

&

Model AMSR-E | Assimilation
Silver City 0.57 0.60 0.67
Scott 0.46 0.44 0.48
Earle 0.59 0.54 0.63
DeWitt 0.42 0.50 0.42 SCalaie R
© Real-time Data

Correlation coefficients of daily mean anomalies
with SCAN data (surface soil moisture)

T






US Bureau c Jf Re: aclamation — J\JAJA

~ Collaborz : LIS Applications
*20 Focus on snowpack snow melt, total ET, runoff, etc. /
as inputs to Reclamation’s DSSs like RiverWare %

NASA LSMs,
GSFC Data Assimilation,

&QC

Riverware- river basin modeling tool

Evaluation and
Management ﬂ

« optimization of reservoir operations

USBR
- water quality analysis j b—y ﬁ“ﬁb-

: o I1 -
* hydropower generation
YETOPOWEL'S D

WaRSMP Tools

Flow of Operation I

Rainy Pass, WA

| —~-sNOTEL PN

—=—CLM2
Noah 2.7
—Mosaic

SWE (inche

150 200
Day of Water Year 2002-03

HLLpP.717ms. g [C.IASd.

121.5W ) 17|W i |?DSW ] 120W
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L

SN
6@6 LIS-WRF Coupled Example

A v 0-10 cm initial soil moisture (%)
LA (1200 UTC 6 May 2004)

Eta soil moisture LIS soil moisture
* Much more detail in

LIS (as expected)

* LIS drier, especially
over N. FL & S. GA

* LIS slightly more moist
over Everglades

BE

BN
_ -

P =] O W ON N
A

= =] O WON N wy
g
/ %

— =
GO

Difference (LIS — Eta)

LIS Substantially
Drier

Day 06

http://lis.gsfc.nasa.gov
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LIS-WRF Coupled Example 2:

¥ . Sea Breeze Evolution Difference
(Meteogram plots at 40J and CTY)

Surface Mgte_ogram at 40J ) Surface Meteogram at CTY
{ohs=dash; WRF=solid line; LISWRF =asterisk) {obs=dash; WRF=solid line; LISWRF=asterisk)

More Accurate
Dewpoints .

€0 A 60 60 | } 60

1032 1032 1032 1032
1028 1028 1028 1028
1024 1024 1024 - 1024
1020 1020 1020 1020
1016 101 1016 1016
1012 10127 yp012 1012
1008 1008 1008 1008
1004 1004 1004 1004
1000 1000 1000 1000
oes12 06/15 06/18 06/21  07/00 07/03 077068 07703 07712 0o6s/12 06/15 06/18 06/21 07/00 07,03 O07/06 O07/09 07/12

Day & Hour Day & Hour

http://lis.gsfc.nasa.gov
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Drought Monitoring
http.//ldas.gsfc.nasa.gov/drought

N LDAS D rought M onitor

NOTE: This page is best viewed with a screen resolution of at least 1024x768
DISCLAIMER: Any data provided on this server should be used for research or educational purposes only.
This data should MOT be relied on for any operational use as data gaps can occur due to hardware
failure and/or model upgrading procedures.

MOSAIC LSM OUTPUT: NOAH LSM OUTPUT:
[ Current Conditions - Root Zone Soil Maisture r Current Conditions - Root Zone 5oil Moisture l-ﬂ

Mozoic Total Colurmn Scil WMoisture (mm) Hoah Tetal Column Seil Maoisture (mm)

Valid: MBR 18, 2008 Valid: WAR 16, 2008
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d Prediction application
over Romania

Surface Exfiltration from
Saturated Soil Columns

LIS-R Hydrograph Results for Cowpens Watershed

A - Cowpens (21556525, 704 sq. km)
=S Pacolet (02154790, 144 sq. km)
== N. Pacolet (02154500, 298 sq. km)
==Buck Creek (87 sg. km)
Lateral Flow from =Mean Precipitation (mm/hr)
Satura Soil Layers ==Max Precipitation (mm/hr)

Saturated Subsurface Routing
Wigmosta et. al, 1994

Discharge 1m3 s")

A\
NN
S A

Date (October 2005)

http://lis.gsfc.nasa.gov
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LIS in operations at
AFWA

® LIS is being employed as the operational system for Air Force
Weather Agency (Feb 09) to conduct offline runs and to initialize
regional mesoscale runs

derive precip analysis
e A i

.

Precipitation’(
Analysis [

CDFS Il cloud analysis
used to derive g ./
surface radiation analysisE i<l /

NCEP+ OSU « A Force + Offca Of Hycrotgy

Radiation
Analysis

k) Lot
il
&) M
SOIL HEAT
INTERNAL SOIL INTERNAL SOIL
MOISTURE FLUX HEAT FLUX
Z0NE $
00T ZONE
MOISTURE BUDGET HEAT BUDGET
3 'SUBSURFAGE RUNOFF
ey )
gk

@ MimdCorts et 065 | o b

e

ht p://l's._g:?z?rasa.gov
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Summary

® A flexible, reusable, extensible framework for land surface data
assimilation and land-atmosphere coupled studies

® System supports the interoperable use of
® multiple LSMs
® data sources for data assimilation as well as modeling
® modeling tools (assimilation, calibration, etc.)

® High Performance Infrastructure in LIS provides adequate support for
computationally intensive data assimilation simulations

Unique system that enables research enhancements to operations

http://lis.gsfc.nasa.gov
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Future Enhancements

® [ncorporation of community LSMs,Watershed, ground
water models

® Improvements to DA - multiple observations, support
for variational, smoothing algorithms, 3d algorithms,
radiance based assimilation (through CRTM)

e AMSR-E/TMI/SMMR soil moisture
e MODIS snow cover, SWE

® MODIS skin temperature

_ ® Coupled systems (WRF/GCE/GFS) using ESMF
http.//lis.gsfc.nasa.gov







NASA WATER SCIENCE & APPLICATIONS

NASA WATER SCIENCE AND
REMOTE SENSING

Dave Toll and Ted Engman

NASA/GSFC

Extending the societal and economic benefits of Earth science
research, information, and technology ...






Water in te
environment
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Fundamental Research

Water and Energy Cycle Science

» Global Hydrological Cycle
* Fresh Water Resources and Availability

e Climate Change
\ Applied Research

» Soil Moisture
Science Utilization

» Evapotranspiration

» Reservoir Regulation

» River Flow Management & Floods
 Agriculture Planning

* Hydro Power Planning

e Drought Assessment

» Weather Forecasting

o Water Quality

NASA & World Bank Meeting - 7 April 2009
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NASA Applied Sciences Program

Water Resources

Goal: NASA Earth science routinely used in an integrated water resources
approach for the sustainable use of water. Also includes extreme events of
droughts and floods and the adaptation and mitigation to climate change.

eFor International activities, many NASA satellite and modeling products (e.g.,
precipitation and streamflow) may be extremely valuable for applications in
data poor regions of the world.

e International work is primarily through partnering with groups such as USAID,
Department of State (Paul Simon Water for the Poor Act ), World Bank & GEO
(Global Earth Observing)

e Water Resources categorized in to functional themes (Application Projects)
Streamflow and floods (includes snowpack {4-Projects}

Drought (monitoring and prediction) {5-Projects}

Irrigation and Water Delivery {3-Projects}

Water Quality {1-Project Ended}

Climate Change and Water Resources (New)

NASA & World Bank Meeting - 7 April 2009





v

LA

FLO®DS’8& STREAMFLOW FORECASTING IRRIGATION & WATER DELIVERY

- Improved streamflow for NOAA River | Three projects are currently addressing

Forecast Centers. various aspects of improving ET

- Using NASA satellite and modeling estimates for use in the BoR AWARDS-
products for Seasonal Forecast in W. US| EET Toolbox and similar DSTs. Focus on
- NASA-NOAA-USGS Flash Flood using MODIS data and LDAS/LIS
Project using NASA products and estimates of ET & soil moisture. One
modeling. Iraqi irrigated agriculture mapping

- Using NASA Snow Products and LIS for
NOAA Snow and Water Forecast

DROUGHT WATER QUALITY

Four Projects. Two using satellite Nonpoint source pollution project to
(AMSR-E, Quickscat/Sea Winds, MODIS | assess the impact of MODIS land data

and GRACE) and modeling/data products and impact of LIS precipitation and
assimilation products to improve the US =T products to improve the continuous

Drought Monitor. Two other improving hydrologic model, HSPF, used in the EPA
seasonal predictions and the downscaling | BASINS DST.

of climate predictions for US Drought
Outlook. In support of the National

Integrated Drought Information System
(NIDIS). NASA & World Bank Meeting - 7 April 2009






The Water Resources Management Challenge

A first step in any water resources management initiative is
an assessment of how much water is available and what is its
condition, in space and time. Traditionally this has been
done through in situ measurements of the major fluxes
and storages (rain, stream flow, GW, snow, reservoir
capacity, etc) and an assessment of the condition (quality).
In many regions of the world these data
do not exist or are unreliable.

Traditional data collection activities are very expensive.

NASA & World Bank Meeting - 7 April 2009





— Thetypes-of-data-needed-include:

Precipitation: Remote-Sensing: SSM/l, TRMM, AMSR, GOES, AVHRR, GPM

In-Situ: Surface Gages and Doppler Radar
Radiation: Remote-Sensing: MODIS, GOES, AVHRR
In-Situ: DOE-ARM, Mesonets, USDA-ARS
Surface Temperature: Remote-Sensing: AVHRR, MODIS, SSM/I, GOES
In-Situ: DOE-ARM, Mesonets, NWS-ASOS, USDA-NRCS
Soil Moisture: Remote-Sensing: TRMM, SSM/I, AMSR, SWAT, ESTAR, NOHRSC, SMOS
In-Situ: DOE-ARM, Mesonets, Global Soil Moisture Data Bank, USDA-NRCS

Groundwater: Remote-Sensing: GRACE

In-Situ: Well Observations, Piezometers, pumping tests

Snow Cover, Depth & Water: Remote-Sensing: AVHRR, MODIS, SSM/I, AMSR, GOES, NWCC, NOHRSC
In-Situ: SNOTEL

Streamflow: Remote-Sensing: Laser/Radar Altimeter (SWoT)
In-Situ: Real-Time USGS, USDA-ARS

Vegetation: Remote-Sensing: AVHRR, TM, VCL, MODIS, GOES

In-Situ: Field Experiments

Others: Soils, DEM, Latent & Sensible heat fluxes, etc.

NASA & World Bank Meeting - 7 April 2009





A POSSIBLE SOLUTION FOR OBTAINING THE NECESSARY WATER INFORMATION
WHEN THE BASIC DATA ARE NOT AVAIABLE OR OF QUESTIONABLE QUALITY -
SATELLITE DATA AND THEIR PRODUCTS

The major space agencies and met services maintain a vast array of Earth
observing satellites capable of providing basic water cycle data. These
data have the potential for providing critical inputs to sustainable water

resources development and management. In addition, since many of
these data have been achieved we can actually go back in time to
recreate a history of basic water data.

NASA & World Bank Meeting - 7 April 2009





NASA Hydrology Related Missions

Water Cycle Missions

ICESat

- Ice elevation

- Cloud height

- Column water-content

il e

TRMM and GPM

- Global precipitation =~ g
/

A\Global Soil Moisture

QuikSCAT
- Sea-surface wind
velocity

Water and Energy Cycle Missions

EOS-Aura g
E‘:" - Atmospheric humidity ;{*\""‘""e ‘ﬁTOMS

- Clouds
Ak EOS-Terra
%\ - Snow and ice F%‘ SORCE ;
: i - Total Irradiance

- Vegetation
measurements

"'I ~ CALIPSO

- Cloud properties

@& SAGE
iJ'f’“ - Air quality

/
? - Climate change
1

. UARS
- Carbon management
- Air quality

CloudSAT
- Cloud profiler

,.
g
AR

EOS-Aqua

‘% - Atmospheric humidity
b - Water storage
= - Clouds
- Snow and ice

Complementary Water and Energy Cycle Missions

EO-1 LANDSAT NPOESS i GOES Aquarius &
and NMP EO-1 - Global environmental % A - Weather m;\ & - Global sea ) \
& ‘\

- Land cover conditions surface salinity

- Total column ozone





4 Current Jason Lakes (73) @
a Potential ENVISAT Lakes (611) -?-""'"_-m

Croplands
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U.S. Drought Monitor Sertenie! s 2008

Intensity; Drowght Impact Types:

| | DO Abnormally Dry ~" Delineates dominant impacts

[ D1 Drought - Moderate A = Agricultural (crops, pastures,

[ D2 Drought - Severe grasslands) @

I C3 Crought - Extreme H = Hydrological (water)

I C4 Crought - Exceptional § e

USDA  @p /%) &

The Drought Manitor focuses on broad-scale condifions, == [t er——— 'f H

Lacal conditions may vary. See accompanying fext surmmary

for forecast stalements. Released Thursday, September 18, 2008
http://dro ug ht.unl.edu/dm Authors: Laura Edwards, WRCC, and Brian Fuchs, NDMC

NASA Drought Activities: NASA supporting 5 major drought projects. Would like
to contribute to international and GEO drought activities.
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Seasonal (1-3 Months) Drought Predictions

Initial conditions (Dec. 1, 1-month lead (Jan 1, 2009) ]
O S . , Root zone soil
g LW i moisture
anomaly

(expressed as
standard normal
deviate)

|  . Drought conditions
L given a probability

to persist into early
March.

— —— gv

1.2 14

|
-14 -1.2 -1 -08 -0.6 -04 -02 02 04 08 08

Project: Development of a Robust Drought Index for Agricultural Applications.
Pl: R. Koster, NASA/GSFC
http://gmao.qgsfc.nasa.gov/forecasts/# http://www.cpc.ncep.noaa.gov/products/fews/
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Adjusted Baseline Algorithm —
Adjust Coefficient Using Grain Size

[1.2x(Tb18H —Tb36H )

SWE =
2x(1-0.2ff)

NASA & World Bank Meeting - 7 April 2009





Translation of METRIC from Landsat to

MODIS (R Atten, university of Idaho)

Applications with MODIS were
tested using the original
Landsat basis in Idaho and

New Mexico
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I Companson of Net Radiation
s and K estimation for MODIS
MODIS dertved 3-D Evapotranspiration map and Landsat resolution.

(MRG, NM, 8/26/2002)
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What We Cannot Measure Directly, We Can Model

Land Surface Prediction: Accurate hydrologic model prediction is essential to estimate all fluxes and storages
in time and space. Based on water and energy balance.

Input - Output = Storage Change
P + Gin—(Q + ET + Gout) = AS
Rn-G= Le+H

Reflected and
Longwave
Radiation

Transpiration

Water
Balance

ET and

Source Area
Overland

Flow

poration
Heat
Advection

—Eva

==
v o

Longwave
Radiation

Subsurface Total Flow
Flow

Drainage
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DATA PRODUCTS

Data Assimilation takes model outputs, in situ measurements and satellite
data collected at varying time and space scales to generate a
comprehensive guantification of the water balance and the land surface
energy balance. Thus we are able to provide estimates of rainfall,
runoff, soil moisture, ET, etc. at a variety of time and space scales -
from25kmto1kmand6 hrto1 hr.
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Precipitation from Space

Tropical Rainfall Measurement Mission Global Precipitation Measurement
(TRMM) (GPM)

Six - Year TRMM Climatology

TRMM Merged Precip Annual Climo {mm/d)

January 1998 - December 2003

TRMM is the first "space-based rain gauge"
that uses microwaves to "see” how much
precipitation falls from clouds around the
tropics over land and ocean with
unparalleled accuracy. TRMM also is the

Needed improvements:
Longer record length

High latitude precipitation
primary mission for studying El Nino. including snowfall

Better accuracy
Spatial-temporal sampling

10 <> 85 GHz radiometers (3-hours, 4 km land & ocean)

Global precipitation measurement with TRMM: a great leap
forward!

13.6 GHz precipitation radar (FIRST!) Improved vertical resolution

NASA & World Bank Meeting - 7 April 2009






Soil Moisture Active/Passive (SMAP) Mission

Soil Moisture Mapping

A dedicated soil moisture
mission selected as anew
Earth science mission

NASA fly an active / passive
microwave soil moisture
with mission in the 2013
timeframe

SMAP consists of an L-Band
radar & radiometer in a
low Earth, sun-
synchronous orbit

SMAP falls in the Medium
Cost Class (~ $300 — 600
M)

Extends soil moisture to
deeper depths with
improved spatial
resolution

Societal Benefits:

= Water, Energy &
Carbon Cycles

= Water and the Environment

Weather & Climate Prediction

Severe Storm Forecasts

Agriculture Food Production
Drought Monitoring and Assessment

NASA & World Bank Meeting - 7 April 2009





Surface Water Ocean Topography (SWOT)

Stream Discharge and Surface Water Height

Planned Mission — 2 (Post 2013)

Motivation:

* critical water cycle component

» essential for water resource planning

» stream discharge and water height data are difficult to
obtain globally

Mission Concepts:

Laser Altimetry Concept Radar Altimetry Concept Interferometer Concept
o9 ICESat (GSFC) e.g. Topex/Poseidon over Amazon R. (JPL)

.h-...'-"*. ; ‘.‘ ] 20T | B B N B S I N e

ERg T c QzZon BB 52 Intesfercmeter 10 m Baseline Interfaroieter
? _- ::_ )N“ugmt Antenna 1 Antenna 2

F A el 17

Targeted path : E 8-

Coincident w/ §~ :::

river reach & 13-

800 km

1 ;
£l
2 9

B_

o

B

5

L1 1 /N T N NN U S T S N U U S SN —

SJMSJMSJMSJNSJMSJNS
1983 1884 1985 1996 1997 1998 1999 ZUDD H-Pol Interferometer Swath V-Pol Interferometer Swath

me 10 - 60 km 10 - 60 km

Intrinsic
Resolution
from 2m x 60m
to 2m x 10m

NASA & World Bank Meeting - 7 April 2009





SUMMARY

SATELLITE DATA AND DATA PRODUCTS SHOULD
BE ABLE TO SUBSTITUTE FOR TRADITIONAL
WATER CYCLE DATA TO USE FOR SOLVING

WATER RESOURCES MANAGEMENT PROBLEMS

WHEN TRADITIONAL DATA ARE NOT
AVAILABLE OR ARE UNRELIABLE

NASA & World Bank Meeting - 7 April 2009





Useful Websites

Satellite Missions

MODIS (Moderate Resolution Imaging http://modis-land.gsfc.nasa.gov/#
Spectrometer
Landsat http://landsat.gsfc.nasa.gov

SMAP (Soil Moisture Active Passive)

http://smap.jpl.nasa.gov/

Hyperspectral Mapping HysplIRI

hyspiri.jpl.nasa.gov/

TRMM (Tropical Rainfall Mapping
Mission)

http:

//trmm.gsfc.nasa.gov

SWOT (Surface Water and Ocean
Topography)

http:

//decadal.gsfc.nasa.gov/swot.html

GRACE (Gravity Recovery and Climate
Experiment)

http

://www.csr.utexas.edu/grace/

Cold Land Processes Mission

http

://www.nohrsc.nws.gov/—~cline/clp.html

Global Precipitation Measurement

http:

//gpm.gsfc.nasa.gov

Training

NASA Remote Sensing Tutorial

http

://rst.gsfc.nasa.gov/Front/tofc.html

ASPRS Remote Sensing Curriculum

http

//\wWwww.r-s-c-c.org/

ESA African Remote Sensing Training

http

//www . tiger.esa.int/training.asp

Remote Sensing Data Systems

NASA Land Data Assimilation System

http:

//ldas.gsfc.nasa.gov

NASA Land Information System

http:

//wmp.gsfc.nasa.gov

Earth science meta data

http:

//gcmd.gsfc.nasa.gov

SERVIR (Regional Visualization &
System Monitoring System) C. America

http:

//servir.msfc.nasa.gov

SERVIR East Africa

http

//www.servir.net/africa

Global Precipitation Data

http:

//precip.gsfc.nasa.gov

G-WADI http://hydis.eng.uci.edu/gwadi/

NASA MODIS Direct Read Out http://directreadout.sci.gsfc.nasa.gov
GEONETCast http://www.geonetcastamericas.noaa.gov/
FEWSNET http://http.fews._net

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

NASA Applied Sciences Program http://nasascience.nasa.gov/earth-

science/applied-sciences

NASA & World Bank Meeting - 7 April 2009
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NASA Collaborations in the Nile Basin

Ben Zaitchik — Johns Hopkins University
Shahid Habib, Fritz Policelli, Matt Rodell - NASA-GSFC
Abdulkarim Seid — Nile Basin Initiative
Martha Anderson — USDA  Victor Koren — NOAA





Work with the Arab Water Council

US Scientists:
NASA, USDA,
Universities

Regional Partner:
The Arab Water
Council (AWC)

Funding: USAID, World Bank (??)

Project components: LDAS, river forecasts, climate change
downscaling, ET mapping, precipitation monitoring





SERVIR Africa

US Scientists:
NASA, USGS
Universities

Regional Partner:
RCMRD

Funding: NASA, USAID

Project components: flood forecasts, data visualization, Rift
Valley Fever forecasts





FEWS NET

US Scientists: NASA, USGS,
NOAA, USDA

Other Partners: Chemonics
International, Regional Centers

Funding: USAID

Project components: satellite
monitoring, data dissemination,
vulnerability assessments, early
warning






Proposed Partnership with NBI

US Partners: NASA, USDA,
Department of State, USAID,
Universities

Regional Partners: The Nile Basin
Initiative (NBI), national institutes

Funding: NASA (??)

Project components: Nile LDAS,
Land cover and irrigation mapping,
Evapotranspiration monitoring






NASA “Project Nile”

Goal: To apply NASA tools in support of water
resource Initiatives by the Nile Basin Initiative and its
member nations

Rationale: NASA observing systems and models can
provide spatially complete hydrometeorological data
for the entire Nile basin

Approach: To work In partnership with NBI scientists
and national experts to address data needs and water
resources goals in their Nile Basin Decision Support
System





The Nile Basin Decision Sugport System:
(Abdulkarim H. Seid, DSS LS)

*ODbjective: To enhance capacity to support basin wide
communication, information exchange, and identifying
transboundary opportunities for cooperative development of the Nile

Basin water resources.

Policy and Strategy Level
Provide the Knowledgebase
Serve as informed basis for policy and strategic analyses and dialogues

A platform for communication to facilitate the joint identification of
development strategies

Rational support for decision making

Planning and Management Level: to support

Identification of cooperative projects that provide mutual benefits
Evaluation of impacts/benefits of alternative plans

Assessments of trade-offs and investment sequencing

Trend analysis and forecasts of the development of hot-spots,
Provide Baseline data and support for environmental management.






The Nile Basin Decision Support System

Static Parameters: Topography, *

Soil Types, Watersheds
Atmospheric Data: Precipitation,

Air Temperature, Wind speed,
Incoming radiation
Management Parameters: Land

Information Management System

cover, Crop type, Irrigation status

A

*

Hydrological
states and
fluxes

Routing
information:

River Network
Reservoirs
Withdrawals

Water
Allocations

Socio-
economic and
environmental

arameters

Sectoral, spatial,
temporal and
frequency
distribution of
benefits and
impacts

M

Semi-distributed

hydrological model

’

Dynamic water budget and
allocation model

Resource analysis

Scenario definition ‘4

Model System

Analysis System

Multicriteria analysis and
optimization






Static Parameter Fields

Elevation

Vegetation/Land Use Type
Vegetation Height

Leaf Area Index

Surface Roughness

Root Depth & Density
Soil Texture

Minimum Stomatal Conductance
Surface Albedo

Thermal Inertia
Emissivity

Methods: LDAS

Land Surface State Observations

Vegetation Fractional Coverages
Leaf Area Index

Fractional Snow Coverage
Snow Water Equivalent

Surface Soil Moisture
Terrestrial Water Storage
Surface Albedo

Surface Temperature

Meteorological Forcing Fields
Precipitation

Downward Shortwave Radiation
Downward Longwave Radiation
Near-surface Air Temperature
Near-surface Specific Humidity
Near-surface Wind Speed
Near-surface Wind Direction
Surface Pressure

Numerical Model

LDAS Outputs
Soil Moisture Profile

Fractional Snow Coverage

Snow Depth and Water Equivalent

Plant Canopy Water Storage

Soil Temperature Profile

Surface Temperature

Surface and Subsurface Runoff

Evaporation from Soil, Snow, and Vegetation
Canopy Transpiration

Latent, Sensible, and Ground Heat Flux
Snow Phase Change Heat Flux

Snowmelt

Snowfall and Rainfall (as % of Total Precipitation)
Net Surface Shortwave Radiation

Net Surface Longwave Radiation
Aerodynamic Conductance

Canopy Conductance
Surface Albedo






Methods: Land Use and Irrigation Maps

2. Model: Impact of irrigation on
evapotranspiration

1. Observation: Satellite-derived
irrigation map
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3. Evaluation: Field data assessment of LDAS
simulation

320 Max surface temperature (K)
310 - at an irrigated site, from

, control run (gray line),
300 - . . . .

_ _ irrigation run (black line), and
290 Ozdogan, Rodell7 and Kato, in prepargtlon. | | observations (dots)
8/11/03 8/18/03 8/25/03 9/1/03 9/8/03






Methods: GRACE Data Assimilation

1. Observation: The “GRACE” satellite 2. Model: Using data assimilation, the coarse
measures terrestrial water storage (TWS), GRACE observation can be disaggregated to
but at very coarse resolution finer scales

GRACE TWS anomaly GRACE Assimilating Catchment LSM
January 2003 — June 2006 TWS anomaly, mm
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Methods: GRACE Data Assimilation

Seasonal Change in Water Storage: Tigris-Euphrates Basin

Model Only Model + GRACE Difference
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Methods: Diagnostic ET Mapping
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Linkages with the NBDSS

Static Parameters: Topography, *

Soil Types, Watersheds
Atmospheric Data: Precipitation,

Air Temperature, Wind speed,
Incoming radiation
Management Parameters: Land

Information Management System

cover, Crop type, Irrigation status

A

*

Hydrological
states and
fluxes

Routing
information:

River Network
Reservoirs
Withdrawals

Water
Allocations

Socio-
economic and
environmental

arameters

Sectoral, spatial,
temporal and
frequency
distribution of
benefits and
impacts

M

Semi-distributed

hydrological model

’

Dynamic water budget and
allocation model

Resource analysis

Scenario definition ‘4

Model System

Analysis System

Multicriteria analysis and
optimization






Benefits of NASA-NBI Collaboration

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





Proposed Work Plan

Project Tasks year 1 Year 2 Year 3 Year 4
Project Plan
Requirements Document _

]

Finalize funding agreements

Implementing Basic Nile LDAS

Configure L DAS

Conduct retrospective simulations with
Nile LDAS

Demonstrate Prototype Nile Basin
I DAS Functionality

Complete gap analysis

Enhancements to Basic LDAS

Generate irrigation intensity maps

Evaluate alternate data inputs (soil
maps, DEMS, crop maps, etc.)

Evaluate performance of alternate
precipitation products (TMPA,
PERSIANN, meteosat, Cmorph)

Test GRACE and AMSR-E assimilation
schemes within Nile LDAS

L DAS integration and optimization

Evapotranspiration analysis

Execute ALEXI/meteosat for Nile basin

Implement ALEXT/MODIS for Nile basin

Finalize Nile LDAS integration and
demonstration (near real time)

Tarining and workshops

Verification and validation

Transition capabilities to MWRI
and NBI






Thank you
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