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The NASA Earth science research program has established the NASA Energy and 

Water cycle Study (NEWS) that has the long-term grand challenge to document and 
enable improved, observationally-based, predictions of water and energy cycle 
consequences of Earth system variability and change. To achieve this goal, NASA 
collaborates with other Federal agencies including NOAA, NSF, DoE, USGS, DoI, the DoA, 
the scientific community-at-large, private industry, and the international community is 
through the World Climate Research Programme (WCRP), especially GEWEX & CLIVAR.

Implementation of the NEWS research program is planned in three phases.  The 

Variations in Global Precipitation (1979-2005)

Little or no linear change during period--ocean and land 
precipitation tend to compensate

Pattern of Linear change (1979-2005)
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Gu et al. (2006)

Selected NEWS Research Results

Model Study Examining the Influences of Irrigation on Regional Hydroclimate

Model Study Region

Large Scale Irrigation
Central-Eastern China

Differences (Irrigation Minus No-Irrigation Runs) on Key Variables

Results show the 
propagation of 
irrigation influences 
towards the Ocean.
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Evaluate our ability to detect, analyze, and 

understand global water cycle change, variability, 
prediction and predictability.
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Global Satellite Water Balance Study:
Schlosser & Houser, 2007

Precipitation (1979-1999): 
• Global Precipitation Climatology Project 

(GPCP): Adler et al., (2003)
• CPC Merged Analysis of Precipitation (CMAP): 

Xie and Arkin (1997)

Ocean Evaporation (1987-1999):
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NEWS Research IntegrationSelected NEWS Research Results

Implementation of the NEWS research program is planned in three phases.  The 
emphasis during Phase-1 is to exploit current capabilities and prepare for future 
developments of NEWS program elements. Phase-2 focuses on addressing deficiencies 
and building a viable "prediction" system. Phase-3 focuses on the delivery of an end-to-
end system to address the NEWS vision, namely: comprehensive observations to 
accurately quantify the state and variability of the global water cycle, including time series 
data sets with no major gaps; routine analysis of variability in storage, transports and fluxes 
of water and energy; routine prediction of key water and energy cycle parameters 
(including clouds, precipitation, radiation interactions, energy budgets, and surface 
h d l i l i bl ) d i d f  f   i  d i i  

Relationship between extreme precipitation 
(both dry and wet) frequency (curve) over the 
globe and tropics and ENSO (measured by 
absolute value of Nino 3.4; red = El Niño, blue
= La Niña).  

This is also the case for the frequency of daily 
extremes (dots) calculated from TRMM multi-
satellite analysis.  

Daily extremes are limited to the wet end of 
the distribution

Curtis et al., 2006b

Precipitation anomalies in ERAPrecipitation anomalies in ERA--40 NCEP40 NCEP--DOE and GPCPDOE and GPCP NEWS (Betts)
Impact of the Changes in Observation Systems on the Reanalysis Datasets

Fig 1. Zonal mean precipitable waterBiases in assimilation models and changes in observing

NEWS (Bosilovich)

Local Scale Irrigation
Central Valley California

Results show the 
irrigation influences 
lasting two months.
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Figure 1: Major global water and energy cycle storages and fluxes to be included in the integration center.

• Goddard Satellite-based Surface Turbulent 
Fluxes Version 2 (GSSTF2): Chou et al., (2003)

• Hamburg Ocean Atmosphere Parameters and 
Fluxes from Satellites: Bentamy et al. (2003)

Land Evaporation:
• Global Offline Land Dataset (GOLD) (1959-

2002): Dirmeyer et al., (2005):
• Global Soil Wetness Project Phase 2 

(GSWP2): 1986-1995

Precipitable Water: NASA Global Water 
Vapor Project (NVAP)

Model Output: Climate of 20th Century

Annual Mean Statisticshydrological variables) and improved forecasts for use in decision support. Despite biases, 
seasonal 
anomalies are 
similar in 
reanalyses and 
GPCP 
precipitation

[Betts et al., JGR, 
2006c]

Fig 2. Zonal mean crosssection of specific humidity field (g/Kg)

Fig 4. The 
differentiated 
h  f 

Biases in assimilation models and changes in observing
systems can cause discontinuities in global and regional time
series, adding uncertainty to the investigation of long-term
climate variation.

This slide shows one case of the impacts of the changes of
observation system: The onset of SSM/I availability (June 1987)
significantly alters precipitable water content and precipitation in
the Japanese Reanalysis (JRA-25).

The impact could have different weight in different parameters,
at different heights and in different regions (Fig 1-3).

Diagnostics in probability domain are important (Fig 4).

Annual Mean Statistics
Precipitation Evaporation | P-E |

Land 1.05E+17 ± 0.02E+17 GOLD1: 0.64E+17 ~4.0E+16

1.02E+17 ± 0.02E+17 GOLD2: 0.62E+17 ~4.2E+16

Ocean 3.80E+17 ± 0.06E+17 4.41E+17 6.5E+16

3.72E+17 ± 0.04E+17 3.93E+17 1.7E+16

Global

GPCP
4.85E+17 ± 0.06E+17

GSSTF2+GOLD 
5.03E+17

~ 2.4E+16
CMAP HOAPS+GOLD

Units in 
kg/yr

NEWS Observation Strategy

Ocean plays a dominant role 
over the seasonal changes of 
continental water balance and 
regional rainfall of South 
America, as revealed by 
combining the monthly rate of 

NEWS (Liu)
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• MODIS snow cover assimilation 

NEWS (Rodell)

Fig 3. Zonal mean precipitation anomalychange of 
precipitation 
weighted by 
associated TPW-
Omega 
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• Global annual mean precipitation and evaporation balance to ~5%. 
• Imbalance exceeds global estimate of annual precipitation error.

CMAP
4.74E+17 ± 0.04E+17

HOAPS GOLD
4.56E+17

Note: Total atmospheric water storage ~ 1016 kg

PE
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combining the monthly rate of 
mass change from GRACE data, 
the transport of moisture across 
the coastline from QuikSCAT 
wind vector and SSM/I water 
vapor, rainfall by TRMM, and 
river discharge climatology.

NASA P.I. :W. Timothy Liu-
GRL,2006. 
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• MODIS snow cover assimilation 
technique of Rodell and Houser 
(2004) installed in LIS/Noah

• 2001-present, global, 1/4°
GLDAS/Noah assimilation output is 
publicly available

• Assimilated output from Mosaic 
and Noah are better than control in 
both cases, though biases remain

• Assimilated output is continuous 
and contains more information 
(SWE) than MODIS (snow cover) 
alone

Mosaic LSMMosaic LSM Uncertainties in global precipitation, land evapotranspiration, and/or changes in TPW cannot 
account for discrepancies in NH warm-season months.

NEWS Prediction Strategy

Global Warming Scenarios

Operational Climate Models (MAP,GMAO,WRF,etc.)
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W

ate
Pre

MMF Precipitation Analysis 
Local Time of Maximum Precipitation Frequency (Summer)

Land Ocean

MW 1600-1800 0200-0600

MMF 1600-1800 0200-0600

fvGCM 0800-1000 0000-0400

MMF
JJA
1998-1999

NEWS (Peters-Lidard & Tao)
Mass Changes in Earth’s Global Water Reservoirs from GRACE

J. Famiglietti, University of California, Irvin, D. Chambers, University of Texas at Austin,  S. Nerem, University of Colorado, Boulder 
I. Velicogna, Jet Propulsion Laboratory, California Institute of Technology and University of Colorado, Boulder, 

F. Frappart, University of California, Irvine

Land Water Storage Changes Greenland Ice Mass Changes

Antarctic Ice Mass ChangesOcean Water Mass Changes

NEWS (Famiglietti) PE
dt
Qd
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For More information, please contact phouser@gmu.edu
or visit http://www.nasa-news.org

Water & Energy Cycle Prediction

Advance Understanding and Model Physics

Diagnose and Identify Predictable Changes

Improve Initialization & Assimilation

ext-generation
er& Energy Cycle
diction System

Integrated Water-Cycle 
Observation System:

Ground- and 
Space-Based

Observing Programs

Merged MW
JJA
1998-2005

fvGCM
JJA
1998-1999

The geographical distribution of the local solar time (LST) of summer (JJA) precipitation frequency maximum from 2-year
(1998-1999) simulations with the Goddard MMF and the fvGCM and the 8-year (1998-2005) merged satellite microwave
only observation. The MMF reproduces the correct timing of diurnal cycle maximum over the land (1600-1800 LST) and
over the oceans (0200-0600) while the diurnal cycle of the fvGCM simulation peaks too early.

Syntheis of Mass Changes 
in Global Water Reservoirs
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