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The Global Water Cycle

The continuous movement of water within, on, and above Earth’s surface

The most noticeable impacts of climate change will be
changes in the water cycle




The Global Water Cycle
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Distribution and Usage of Water on Earth

Water Distribution
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Predicted Climate Change Impacts on Precipitation

alb Departure Frack 09
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Inadequacy of Surface Observations

Issues:

- Spatial coverage of existing stations

- Temporal gaps and delays

- Many governments unwilling to share
- Measurement inconsistencies

- Quality control

- (Un)Representativeness of point obs

Global Telecommunication System meteorological
stations. Air temperature, precipitation, solar radiation,
wind speed, and humidity only.

Friday, December 02, 2011
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8676 stations with monthly discharge data, incl. data derived from daily data (Status: 3 Jan 2013) [
Koblenz: Global Runoff Data Centre, 2013. |
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Present and Future NASA Earth Science Missions

% Highly refevant to hydrology
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Precipitation

Tropical Rainfall Measurement Mission Global Precipitation Measurement
(TRMM) (GPM)
3 .—The GPM Core
i) Observatory
will provide
improved
measurements

of precipitation
from the tropics
to higher
latitudes

* Global (50S-50N) precipitation
measurement

— 10 & 85 GHz radiometers




Experimental Global Near Real Time
Surface Water Extent and Flood Extent Maps

i Y SR | | Credit: Fritz Policelli, NASA/GSFC

10° Flood M ap
Tile Produdion

Ermneous food detected
due to low solar zenith angle:
interpret with caution!

http://oas.gsfc.nasa.gov/floodmap/
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MODIS Flood Map
29-30 Jul 2010
Tile: 060E030N

Current floodwater
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Applying TRMM Precipitation for Landslide Hazard Assessment
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Terra and Agqua Moderate
Resolution Imaging
Spectroradiometer

(MODIS)

MODIS Data Products:

*surface temperature
chlorophyll fluorescence
svegetation/land-surface cover,
conditions, and productivity:
- net primary productivity, leaf area
index, and intercepted
photosynthetically active radiation
- land cover type, with change
detection and identification;
- vegetation indices corrected for
atmosphere, soil, and directional
effects;
ecloud mask, cirrus cloud cover, cloud
properties characterized by cloud phase,
optical thickness, droplet size, cloud-top
pressure, and temperature;




Simulating Irrigation Based on MODIS Observations

Difference (%) in evapotranspiration between irrigation
MODIS derived intensity of irrigation, ca. 2002-03 and control runs, Aug-Sep 2003
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Simulating Irrigation Based on MODIS Observations

M@DIS Bﬁﬂ'lVEd Irrlgatlon I@*&nsny

Source: M. Ozdogan, Uni\!__r_giiy of Wisconsin
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Gravity Recovery and Climate Experiment (GRACE)

Radiation
Soil Moisture Vegetation
Snow, Ice, Rainfall Snow
Visible Light
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GRACE Derived Terrestrial Water Storage Variations

GRACE Science Goal: High resolution, mean and time iy
variable gravity field mapping for Earth System Science
applications

Instruments: Two identical satellites flying in tandem
orbit, ~200 km apart, 500 km initial altitude

Key Measurement: Distance between two satellites
tracked by K-band microwave ranging system

Key Result: Information on water stored at all depths on
and within the land surface

2008-07 - - -
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Emerging Trends in Terrestrial Water Storage from GRACE




Exploitation of Water Resources

Net Consumptive Use of Ground and Surface Waters,
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Soil Moisture Active Passive (SMAP)

NRC Earth Science Decadal Survey (2007)
recommended SMAP as a tier-one mission

Primary Science Objectives:

| < Global, high-resolution mapping of soil moisture and its
freeze/thaw state to

— Link terrestrial water, energy, and carbon cycle processes
— Estimate global water and energy fluxes at the land surface
— Quantify net carbon flux in boreal landscapes

— Extend weather and climate forecast skill

— Develop improved flood and drought prediction capability

-

_‘ & Mission Implementation (confirmed for Phase C in May 2012):

=

&= B Partners [PN]J0 (project & payload management, science, spacecraft, radar,
mission operations, science processing)
« GSFC (science, radiometer, science processing)

Risk
Launch
Orbit
Duration

Payload

o =



Routine Lake Level Monitoring (Jason1/2 & ENVISAT)
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Lake Winnipeg Height Variations
i TOPEX 9 Year Geo-referenced 10Hz Along Track Reference
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Caspian Sea Height Variations
TOPEX 9 Year Geo-referenced 10Hz Along Track Reference
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Lake Victoria Height Variations
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Surface Water Mission Concept (SWOT)
Stream Discharge and Surface Water Height

Motivation:

« critical water cycle component

« essential for water resource planning

« stream discharge and water height data are difficult to
obtain outside US

« find the missing continental discharge component

Mission Concepts:

Laser Altimetry Concept Radar Altimetry Concept Interferometer Concept
eg. ICE : at (GSFC) ~ e.g. Topex/Poseidon over Amazon R. (JPL)
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Land Surface Model Structure

LSMs solve for the interaction of
energy, momentum, and mass between
the surface and the atmosphere in each
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LSM Input and Output Fields

Summary of Output Fields:
soil moisture in each layer
snow water equivalent

soil temperature in each layer

Input Parameters:
vegetation class
vegetation greenness/LAl

soil type

elevation surface and subsurface runoff
evaporation

Required Forcing Fields: transpiration

total precipitation latent, sensible, and ground heat fluxes

convective precipitation snowmelt

downward shortwave radiation snowfall and rainfall

Mean Root Zone Water Content (%), 1 March 2003
= -’"‘ﬁﬁ e e




Data Integration Within a Land Data
Assimilation System (LDAS)

OPTIMAL MERGING of . { _ ‘“’ -
global data fields ; 4

Satellite derived meteorologicél |
g data used as land surface model
~ SW RADIATION FORCING

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




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

GLDAS Data Availability

GLDAS V1

« Access via GDS, FTP, or quick-look visualization
in Giovanni (below right)

« GRIB and NetCDF formats
« 3-hourly and monthly; 1.0° and 0.25° global grids
« On-the-fly subsetting (below center)
« Full documentation

« GLDAS supports a growing number of national
and international hydrometeorological
investigations and water resources applications

2000-present

GLDAS V2

present

1.0°, 1979-present: Noah, CLM2, Mosaic, VIC
0.25°, 2000-present: Noah w/ MODIS snow cover assimilation
Forcing: Berg et al. (2003) for 1979-1999, GDAS + CMAP + AGRMET for

1.0°, 1948-present: Noah

1.0°, 2001-present: CLM3.5, Mosaic, VIC
0.25°, 2000-present: Noah w/ improved MODIS snow cover assimilation
Forcing: Princeton for 1948-2000, GDAS + TMPA + AGRMET for 2001-

Hydralogy

DATA HOLDINGS

v Schence Focus

+ Holated Data Sots

+ Links

DATA HOLDINGS

Data Information

Curment data hosted at HHSC incuce outputs from a sevies of land surlace models in the Land Data

Assimilation System (LDAS) Users can access e hourly 1/8ih degree product for North America (NLDAS)

ot the 3-hourly 0.25 and 1.0 degree products globally (GLDAS). The files are in GRIB formal. The static
parametir 0aka used by the LDAS models ane availadie trom the GSFC Land information Sysem.

Data Accoss

Select subsetting criteria (ChannelsiParametersiBounding box) for the: collection(s):
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Data Intorprotation
Soe the DOCUMENTATION page for more information needed 1o read the data,
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* Applies to the whole results set (all plots)




Summary
« The water cycle effects everyone, everyday, and is important to monitor
as it is modified by climate change and direct human impacts

- Impacts on the water cycle will be the most noticeable consequence of
climate change

«Due to the incompleteness of ground-based observations, space-based
observation of the water cycle is critical

« NASA’s satellite observations provide a wealth of data for science and
applications which must be synthesized in a physically meaningful way -
Land Data Assimilation Systems




