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The Truth about DIHYDROGEN MONOXIDE

Dihydrogen Monoxide(DHMO) is perhaps the 

single most prevalent of all chemicals that can be 

dangerous to human life. Despite this truth, most 

people are not unduly concerned about the dangers 

of Dihydrogen Monoxide. Governments, civic 

leaders, corporations, military organizations, and 

citizens in every walk of life seem to either be 

ignorant of or shrug off the truth about Dihydrogen 

Monoxide as not being applicable to them.

Åalso known as hydric acid, and is the major 

component of acid rain. 

Åcontributes to the greenhouse effect. 

Åmay cause severe burns.

Åcontributes to the erosion of our natural landscape. 

Åaccelerates corrosion and rusting. 

Åmay cause electrical failuresand decreased 

effectiveness of automobile brakes. 

Åhas been found in excised tumors. 

Write your Congressman!

Get the T -Shirt, Only $18.95!
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Water for 

consumption

Water in the 

environment

Water supply 

and quality

Water in Climate Why study the water cycle?...

Earth is a water planet!

Water is Lifeé

Variations in greenhouse gases, aerosols, and 

solar activity force changes in climateé

Thus, we mustcharacterize, understand, andpredictvariations in the 

global watercycle and assess potential abrupt climate changes.

ébut, consequencesof climate change 

are realized through the water cycle.
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NASA Water and Energy Cycle Research Program

We aim to characterize, 

understand, and predict

variability in the global 

water cycle, which 

involves complex 

interactions between 

atmospheric, physical, 

biogeochemical 

processes, and human 

activities.

ÅNASAGlobal Water and Energy Cycle Research Program:Determine water-cycle variability, 

fluxes and feedbacks, and the predictable hydrologic consequences of climate change.

ÅCurrent predictions of precipitation and hydrologic phenomena lack skill.

ÅHydrologic research is well poised to pull together our water-cycle expertise and make real 

progress toward answering grand-challenge water cycle questions 
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We need an overarching vision for water cycle research that we can agree 

on and organize around.

Improve water cycle prediction

This vision encompasses the essential elements of the GEWEX, NASA-ESE 

and USGCRP science plans, while maintaining clear deliverables, metrics and 

applications. 

This will require critical center, national, and international 

science and technology partnerships.

GAPPaims to address role of land surface in climate prediction based on:

ÅNew understanding

ÅNew observations

ÅNew models

And use improved predictions for better water resource applications
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Current state of climate-change science

PREDICTED

OBSERVED

Global Precipitation

Weõve observedglobalwarming in the last century and our models can òmatchó this 

warming, but our ability toquantifysignificant trends or simulate hydrologic (i.e. 

precipitation) variations is inadequate.
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Water Cycle Research: From Observations to Consequences

NASA is the U.S. space agencyand should exploit its unique capabilities forspace-based 

observations to promote scientific understanding

Understanding

Models

Predictions

Consequences
Validation

Assimilation      Initialization

Monitoring

Analysis

Observations
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Observation Strategy

Input - Output = Storage Change

Transport + Evaporation - Precipitation ðRunoff - P 
= ǤLand Storage + ǤWater Vapor 
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Ocean temperatures and vegetation
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Measuring Changes in Ice Cover

Global Water Cycle:Diagnose and Identify Predictable Changes Current Capabilities

TRMM Precipitation Observations
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GPM Reference Concept

Core Satellite
ÅDual Frequency Radar

ÅMulti-frequency Radiometer

ÅH2-A Launch

ÅTRMM-like Spacecraft

ÅNon-Sun Synchronous Orbit

Å~65° Inclination

Å~400 - 500 km Altitude

Å~4 km Horizontal Resolution (Maximum)

Å250 m Vertical Resolution

Constellation Satellites
ÅMultiple Satellites with 

Microwave Radiometers

ÅAggregate Revisit Time,

3 Hour goal

ÅSun-Synchronous Polar Orbits

Å~600 km Altitude

OBJECTIVE:  Understand the 
horizontal and vertical structure of 
rainfall and Its microphysical element.  
Provide training for constellation 
radiometers.

OBJECTIVE:  Provide enough 
sampling to reduce uncertainty in 
short-term rainfall accumulations.  
extend scientific and societal 
applications.

Global Precipitation Processing Center
ÅCapable of Producing Global Precip Data Products as 

Defined by GPM Partners
Precipitation Validation Sites  
ÅGlobal Ground Based Rain Measurement
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What we propose to do
Exploratory Observations
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Soil Moisture Mission
Understand the impact of soil moisture and on flood/drought prediction, weather 

forecasting, and agriculture.

Global soil moisture 

observation using 

microwave observations
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Cold Seasons Experiment/Mission

Daily average air temperature

NSCAT freeze-thaw state

Cold-Seasons Hydrology Mission:

Cold Seasons Hydrology 

Experiment

Colorado, 2002-2005

Don Cline, National Operational 

Hydrologic Remote Sensing Center 
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HYDROS: HYDROspheric States mission

HYDROS is a proposed NASA ESSP mission to 

make the first spaceborne observations of 

global soil water availability (moisture and 

freeze/thaw) that enable new scientific 

investigations of atmospheric predictability 

and global change processes.

Dara Entekhabi (MIT PI)

Paul R. Houser (GSFC Project Scientist)

Eni Njoku (JPL Project Scientist)

In response to the 2001 NASA 

ESSP-3 Proposal Solicitation:
Target Launch:2006
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Global Water-Cycle:Observation Strategy

Quantity Spatial 
Resolution 

Temporal 
Resolution 

Frequency 

Groundwater 50 km 2 weeks 100 MHz? 

Soil Moisture 10 km 3 days 1.4 GHz 

Salinity 50 km 2 weeks 1.4 GH 

Freeze/thaw 1 km 1 day 1.2 GHz 

Rain 5 km 3 hour 10-90 GHz 

Falling Snow 5 km 3 hour 150 GHz 

Snow 1-5 km 1 day 10-90 GHz 

TPW 10 km   

 (sea) 3 hour 6-37 GHz 

 (land) 3 hour 183 GHz 

Temperature 10 km   

 (sea) 3 hour 6-37 GHz 

 (land) 3 hour 6-37 GHz 

ET (4DDA) 5 km 3 hour 1.4-90 GHz 

 

Future:Water Cycle Mission
Observation of water molecules through the 

atmosphere and land surface using an active/passive 

hyperspectralmicrowave instrument.

Primary missing global 

observations: Precipitation, 

Soil Moisture, Snow 

ICEsat

Aquarius

Jason

NPOESS

SMOS

Landsat/SPOT

Geostationary

DMSP

NOAA

Hydro Altimetry

Etc.
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Modeling Strategy
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Global Warming Scenarios

Water -cycle Prediction

Existing Climate

Models

Advance Understanding 
and Model Physics

Diagnose and Identify 
Predictable Changes

Improve Initialization & 
Assimilation
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Water-Cycle Prediction Strategy

Integrated 

Water -Cycle 
Observation System:

In-Situ and 
Space -Based

Observing Programs
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Climate modelsô grid-box representation 

of Earthôs processes...

Each grid-box can only represent the 

ñaverageò conditions of its area.

However, controlling processes of the 

water cycle (e.g. precipitation) vary 

over much smaller areas.

How can climate models effectively represent the controlling processes

of the global water cycle?

òConventionaló approach: make the model grid-boxes smaller (increase resolution)

ÅSlow progress: may take ~50 years to be computationally feasible

Breakthrough approach: Simulate a sample ofthe small-scale physics and dynamics usinghigh 

resolutionprocess-resolvingmodelswithin each climate model grid-box

ÅòShort-cutó the conventional approach (~10 years to implement)

Global Water Cycle:Advance Understanding and Model Physics
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Global Water Cycle: Using Observations with Models to Improve Predictions

ÅDAO (A. Hao) has demonstrated significant model improvement by assimilating TRMM 

precipitation data.

ÅTransfer to NOAA through Joint NOAA-NASA Center for Data Assimilation

TRMM Precipitation DAO Hurricane Simulation
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Hydrologic Applications: The Paradigm Lock

Reservoir

éébased on outdated knowledge and technology

Process science Water managers 
and stakeholders

ideasresearch

understanding implementation

outputdesign

Isolated by lack of

proven utility

Isolated by legal and 

professional precedence

Accepted

practices
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Do we need better water resource management? 

ÅWe are experiencing dramatic population increases.

ÅWe must find a sustainable balance between water resources for humans and ecosystems.

ÅCurrent management is complicated by uncertain global change, strong heterogeneity in 

ecology and topography, and rapid land use change.

ÅUltimately, there is a limited supply of water that will meet limited needs.  

Science and technology can help to maximize the use of limited resources, through:

ÅCharacterizationof current conditions, limits, and hazards.

ÅEnabling basic process understanding(complex groundwater, snow, riparian, runoff, 

infiltration, and atmospheric water interactions).

ÅDeveloping reliable short to long term predictioncapabilities.

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

ÅScience and technology must be defined byapplication needs.

ÅWe must understand management and policy(i.e. understand and predict human behavior, 

water banking, management, and operations) 

ÅMust have aggressive educationof the public, stakeholders, policymakers, and scientists.

ÅWe must develop science/technology that is usefulto water resource managers.
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We know Earth science and technology has the potential to broadly 

improve water applicationé.

So, why isnõt improved research and technology always resulting in improved 

applications?

Å Inadequate understanding of application needsresults in less useful science and 

technology investments. 

Å Inadequate availability of technology(we currently lack useful water resource 

observations).

Å Inadequate integration of information(we currently lack informative predictions). 

So, what can we do about this?  

Improved prediction of consequences is the key.
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Homeland Security
Å A critical homeland security issue is the vitality of our environment - primarily defined by availability 

and quality of air and water resources.

Å Homeland security efforts must therefore include:

ï Advances to understand, assess, and predict natural and human-induced variations in our environment that 

can enable retooled policies and planning, allocation of resources, and partnership strategies.

ï Scientists and stakeholders have become isolated: scientists by the lack of proven utility of their findings 

and stakeholders by legal and professional precedence and disaggregated institutions. 

ï Communication must be established to get information to users fast, to evaluate various response options 

in a prediction system, enable planning, and to ultimately take decisive mitigation action.
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Global Water Cycle:Linking Science to Consequences
End-to-end coordination enabling understanding and prediction of the Earthôs water cycle system: 

Research driven by the needs of society

To deliver social, economic and environmental benefit to stakeholders through 

sustainable and appropriate use of water by directing water cycle science towards 

improved integrated water system management
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Water Cycle Science-Application Link: UNESCO-HELP

To deliver social, economic and environmental benefit to stakeholders through 

sustainable and appropriate use of water by directing hydrological science towards 

improved integrated catchment management

Real people

Real catchments

Real answersHELP
Hydrology for the Environment, Life and Policy

�zWHAT IS THE REQUIRED PRODUCT? hydrological research which is directly 

responsive to water-related policy and development issues.

�zWHAT IS THE NATURE OF THE INITIATIVE? a global network of experimental 

hydrological catchments in a range of bio-climatic zones and socio-economic conditions 

freely exchanging data and understanding

�zHOW WILL IT OPERATE?

�ƒmulti-disciplinary, involving mangers, policy makers and scientists

�ƒñbottom upò selectionof the science to be undertaken    

�ƒuse existing networks where possible

�ƒcomplementary to other water-related international programmes

�ƒnew data and knowledge, and capacity building, if required


