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The Truth:about DIHYDROGEN MONOXIDE

Dihydrogen Monoxid®HMO) is perhaps the
single most prevalent of all chemicals that can be

dangerous to human life. Despite this truth, mo

Write your Congressman!
Get the T-Shirt, Only $18.95!

people are not unduly concerned about the da
of Dihydrogen Monoxide. Governments, civic

leaders, corporations, military organizations, a
citizens in every walk of life seem to either be

ignorant of or shrug off the truth about Dihydro
Monoxide as not being applicable to them.

Also known dydric acigdand is the major

component of acid rain. Dangers:  Uses: Places:
kontnbu.tes tO tg&enhouse effe-Ct # Death by inhalation ] Animgl resga_rch -Canne_rnus tumors
Jnay caussevere burns. ity N ol ok i
: : ical sh ircuit  ® Chemical warfar ® Aci i

Aontributes to theosionof our natural landscapies..anage s bums « performance enhancers « Pharmaceuticais
Acceleratezorrosion and rusting o Brnin fame . R vils iy
Anay Causelectrical failureand decreased # Dizaster & destruction  # Fire suppression * Baby food & beer
effectiveness of automobile brakes. Ban Dihydrogen Monoxide

Aas been found in exctseatbrs @D H M O .Ol'g

Paul R. Houser, P&g2Aprl0
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waterin Climate  \Why study the-water-cycle?:.
¢ Earth is a waterplanet!
Waltre rife.l

Water in the
environment

solar acti vity

é b/uconsequences climate change P
arerealized through the-water.cycle consumption

Thus, we mustaracterizeunderstandandpredictvariations in the
global wateycle and assess potential abrupt climate change:

Paul R. Houser, P&g2Aprl0
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NASA Water-and Energy: Cycle-Research:Progr:

We aim t@haracterize
understandandpredict
variability in the global
water cycle, which
Involves complex
Interactions between
atmospheric, physical,
biogeochemical
processes, and human
activities.

ANASAGlobal Water and Energy Cycle Research Prdgetenmine wateaycle variability,
fluxes and feedbacks, and the predictable hydrologic consequences of climate change.

ACurrent predictions of precipitation and hydrologic phenomena lack skill.

AHydrologic research is well poised to pull together our-eyaierexpertise and matesl

progressoward answering grafothallenge water cycle questions
Paul R. Houser, Pdg2Aprl0
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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:
ANew understanding
MNew observations
ANew models

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

Annual Global Surface Mean Temperature Anomalies
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Water Cycle Researdfrom Observations to Consequences
Understanding

A
s \ A
e S RN\
3 =

3\ S Monitoring
Consequences

Validation

Models

Assimilation Initialization

[ P —

Predictions
NASA ighe U.S. space agenayd should exploit its unique capabilitiesf@cebased

observations to promote scientific understanding

Paul R. Houser, P&g2Aprl0
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Observation Strat

Input - Output = Storage Change
Transport + Evagoration - Precipitation 8 Runoff - P

Land Storage + GW

Paul R. Houser, P&g2-Apr10
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Global Water Cycleiagnose and Identify Predictable Cleamgas Capabilities

Ocean temperatures and vegetatlon

Measurmg Changes in Ice Cover
. = TR %ﬁ\' B

El Nino

April 1983

La Nina

April 1989
SST Anomaly (C)
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TRMM Precipitation Observations

Rate of Change in Icecap Height (cm/year)
| .

0 20 2+ 0 0

Paul R. Houser, P&2Aprl0



Qe S PM Reference Concept

OBJECTIVBJnderstand the OBJECTIVE?rovide enough
horizontal and vertical structure of sampling to reduce uncertainty|in
rainfall and Its microphysical element. shorterm rainfall accumulations.
Provide training for constellation  \ extend scientific and societal
radiometers. \ \ \applications.

Core Satellite

ADual Frequency Radar
AMultifrequency Radiometer
AH2A Launch

ATRMMike Spacecraft
ANonSun Synchronous Orbit
A~65 Inclination

A~400 500 km Altitude N\
A~4 km Horizontal Resolution (Maximum)
A250 m Vertical Resolution

=_ Constellation Satellites
AMultiple Satellites with
Microwave Radiometers
AAggregate Revisit Time,
3 Hour goal
AsunSynchronous Polar Orbits
A~600 km Altitude

L o _ Global Precipitation Processing Center
Precipitation Validation Sites ACapable of Producing Global Precip Data Products as
AGlobal Ground Based Rain Measurement Defined by GPM Partners

Paul R. Houser, Pa§e2-Aprl0
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What we propose to do
Exploratory Observations

Soil Moisture Mission
Understand the impact of soil moisture and on flood/drought prediction, we
forecasting, and agriculture.

Index of Precipitation Predictability (JJA):
Given Predictability of S5Ts
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Cold Seasons Experiment/Mission

(dB)

Normalized Backscatter

T e R L

Toolik | H ] &
4 ] 1 1

1
e e BT Pow
- "‘h‘b'.Qp .‘E...'l'-lr*. s
i . 8

2 - Bonanza : :' ::l
1 £ C r»eek E ] 4 ) : ; E : : ) [/M
1
¢ dawde o3t ap™ loge M2 !
penati | °&# & i::. | dod Saeencag e &
1 1 . ®
1 i 1

ColdSeasons Hydrology Mission:
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HYDROS: HYDRDericStates 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

ESSP3 Proposal Solicitation:
Target Launcl2006

Paul R. Houser, Pa4§e2-Aprl0
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Global WateCycle:Observation Strategy
Future Water Cycle Mission

CLOUDSAT 4 EOS-Aqua _
~isu prles /}\ % o eIy Observation of water molecules through tt
. oo and ice atmosphere and land surface usaugj\aipassive
"' hyperspectrahicrowave instrument.

CALIPSO

- cloud properties

«#. EOS-Terra
Y5~ -Snow and ice
-Vegetation

+1 %@%ﬁ%

———— | o ¥
GHACE } TRMM:\nd GPM 4 +1
- Column water-content - Global ’ )
precipitation e;? +
e Quantity Spatial Temporal | Frequency
i L2 A'CES?“ Resolution | Resolution
)/ yy ?:;;Ir?s Groundwatd  50km 2weeks | 100 MHz?
r NPOESS Soll I\/_Io_istur 10 km 3days 1.4 GHz
HYDROS SMOS Salinity 50 km 2 weeks 1.4 GH
:E:Jc)r:zzes\gﬁtness Landsat/SPOT Freezg/thav 1km 1 day 1.2 G5z
Geostationary Rain S km 3 hour 10690 GHz
DMSP Falling Snoy Skm 3 hour 150 GHz
NOAA Snow 1-5km 1 day 1090 GHz
Hydro Altimetry TPW 10 km
Etc. (sea) 3 hour 6-37 GHz
(land) 3 hour 183 GHz
Temperatur 10 km
Primary missing global (sea) 3hour | 637 GHz
observationsPrecipitation, ET (4DOA) (éak”n‘i') . Egﬂ: ST ehe

Soil Moisture, Show Paul R. Houser, Pade2-Apr10
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Water-Cycle Prediction Strategy
- \T% %
, Global Warming Scenarios

v Existing Climate
— O Models

1979 1981 1983 1985 1987 1989 1991 1993

Advance Understanding
and Model Physics

Integrated

Water -Cycle
Observation System: Improve Initialization &
In-Situ and Assimilation

Space -Based
Observing Programs

Diagnose and ldentify
Predictable Changes

Wa1SAS uonoipaid
910AD- 191eM\ [Bg0|D

uonelauab- IxaN
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Global Water CyclAdvance Understandlng and Model Physic

Cli mate mo-thexlreprésengtationd 1P
of Earthos processe — | "
: TR - ay .
_ : [T NN R .. . g
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Each grid-box can only represent the However, controlling processes of the

NRaverageo conditions o fwaletcgcledegepaecipitation) vary
over much smaller areas.

How can climate models effectively represent the controlling proc
of the global water cycle?

0O Convent i onrakedbhe mqugl grakes snhaller (increase resolution)
ASlow progress: may take ~50 years to be computationally feasible

Breakthrough approac8imulate a samp@fthe smaBcale physics and dynamics hghg
resolutioprocessresolvingnodelswithin each climate modebgrd

AShowté the conventional approach ~ 1
Paul R. Houser, Page?-Aprl10
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Global Water Cycldsing Observations with Models to Improve Predic

MDAO (A. Hao) has demonstrated significant model improvement by assimilati
precipitation data.
Aransfer to NOAA thralgiht NOAAASA Center for Data Assimilation

TRMM Precipitation DAO Hurricane Simulation

Simulated Hurricane in NASA/NCAR 0.5x0.625 Model
Precip (mm/hr) and 850mb Wind

1

Tropical Rainfall Measuring Misson
"Hurricane Bonnie 08/22/98"

Paul R. Houser, Pa§e2-Aprl0
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Hydrologic'Application3he Paradigmolock

eébased on

outdat ed

k nowl ed

Process science

research

~———

Accepted

understanding

practices

Isolated by lack of
proven utility

professional precedence

Water managers
and stakeholders

desﬁmpm

implementation

Isolated by legal and

Paul R. Houser, Pa§e2-Aprl10
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Do we need better water resource management?

A We are experiencing dfamatltEp station increases.
A We must find a sustalnableﬁﬁlance beiween Watef resources for humans anc
A Current: managementTS éﬁrnﬁﬁ“eated by unceﬁ‘a*rnﬁ" ! al.change, strong heter
ecology and topography, and rapld land. use‘change. .;%?1”3
A Ultimately, there'is a Ilrr_gteokwsygpfy fxwater’f%*’t';gnll meet I|m|ted needs.
m?“r eM‘ e’ % s mj\‘ %
Science an 1 tet g"‘_“elogy"cah*heiﬁ to ﬁh@xlmize ’fhe l}se@,f Ilmlted fésources throt
A Charactenzatloof cdrremseendrtlons limits; and hazards b Tk
A Enabling basic procesderstandingcomplex groundwaterwsqp ﬁ{panan runoff
infiltration, and atmospheric water interactions). >}; ‘ -

A Developing reliable'short tolongredintioncapabilities. =0 s,

e
l'& &4
oy

We must also have links between the science/technology and stakeholders
A Science and technology mudgfireed byapplication needs. % W A
A We must understandnagement and politiye. understand anef predlct hu“.i,;.__:

water banking, management and operatlons) ',;& 5

A We must develop suence/technologyaﬁﬁmﬁs) Water reseurce manager

T b
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We know Earth science and technology has the potential to broad
| mprove water applicationé.

So, why i1 snd6t 1 mproved research and
applications?

Gy nadequate avallabllmxedﬁnolog)(we currently Iack useful water resource
observations).

A Inadequatetegration of informatiqwe currently
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Homeland Security

A A critical homeland security issue is the vitality of our enpiiorarigndefined by availab
and quality of air and water resources.

A Homeland security efforts must therefore include:

i Advances to understand, assess, and predict natural -amtLicathaariations in our environme
can enable retooled policies and planning, allocation of resources, and partnership stratec

I Scientists and stakeholders have become isolated: scientists by the lack of proven utility
and stakeholders by legal and professional precedence and disaggregated institutions.

I Communication must be established to get information to users fast, to evaluate various |
in a prediction system, enable planning, and to ultimately take decisive mitigation action.

Paul R. Houser, P@ge2-Aprl0
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Global Water Cycleinking Science to Conseguences

Endtoend coor dination enabling under st a
Research/driven /by themeeds of society

Gl Appiiaiam

To deliver social, economic and environmental be
sustainable and appropriate use of water by directing water cycle science tow
Improved integrated water system management

Paul R. Houser, P@§e2-Aprl0
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Water Cyecle Scienggplication Link: UNESEELP

[5 P
— N
E&E H E L —__ p——
e eal people
H E L F) Real catchments
Hydrology for the Environment, Policy | Real answers

To deliver social, economic and environmental benefit to stakeholders throu
sustainable and appropriate use of water by directing hydrological science tov
Improved integrated catchment management

WEEYE SR ER e t=iv R ={olvIbeawdal (' 0logical 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?
fmulti-disciplinary, involving mangers, policy makers and scientists
fibott om up oofthedcience to berundertaken
fuse existing networks where possible
fcomplementary to other water-related international programmes
fnew data and knowledge, and capacity building, if required

Paul R. Houser, P@4e2-Aprl10



