hanging World.
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Climate Change & The Global Water Cycle:

The Latest'News From Earth & Space




A Unigue Planet: Blue, Green and alive!

Center for Hydrometeorology and Remote Sensing, University of California, Irvine

Atmosphere of Earth vs. Mars and Venus

Planets and atmospheres

Mars

Thin atmosphere

(Almost all CO2z in ground)
Average temperature : - 50°C

Earth
0,03% of CO2 in the atmosphere
Average temperature : + 15°C

Venus

Thick atmosphere

containing 96% of CO2
Average temperature : + 420°C

Earth's atmosphere:
78% nitrogen, 21% oxygen, and 1% other gases

pees Cahvim J. Hamion, Views of tha solar eystam, Al & [ , 8 riitimedia bour of thes Bolar System, wiwssds. e i pinineplarsts mm|




Distribution_of Freshwater

Total water

Oceans 97.5%

Freshwater 2.5%

Surface
and atmospheric
water 0.4%

Figure 4.1:
Global distribution of
the world’s water

Scusce: Bat from Shkdmancy and Kead, 3003,
Fresmuater nas 5 oo voume of 35.2 mirien
cubkc kbamatras k.

warts Wartar 55>
e Prograrana

Center for Hydrometeorology and Remote Sensing, University of California, Irvine

The Big Question as to
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Evidence for reality of climate change:

oo Murich Saciety Tor Emronmene o Rmparch

T 1900 2003
Toboggan Glacier Alaska Alpine glacier, Austria

Provided By: Kevin Trenberth
Center for Hydrometeorology and Remote Sensing, University of California, Irvine

Surface Temperature Anomaly (*C)

BT [ T ]
35 -3 -2 -1 05020205 1 2 3 4

_ Tied (with 1998) for the second warmest year
2 (2005 Warmest) Source: NASA GISS 2007

Center for Hydrometeorology and Remote Sensing, University of California, Irvine




Global Warming And Hydrologic Cycle Connection

& Heating T
—

TemperatureT EvaporationT

l l

Watgr AtmosphericT
. Holding Moisture
Capacity

Green House EffectT

!

Source: Gi-Hyeon Park
Center for Hydrometeorology and Remote Sensing, University of California, Irvine

Observed changes: Heavy Precipitation

Facts from Observations

= From 1908-2002:

= Total annual precipitation across
the contiguous U.S. increased 7%

= Heavy daily Precipitation events
have increased by 20%

= Rainfall associated with warmer
climates are more due to extreme
events compared to colder climates

10

1 o

Confidence 04 O0R 12 L6 20 24 28 32 35 40 =40
0 Index Daily Precipitation (inehes)
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Source: Tom Karl NCDC-NOAA 2007
Center for Hydrometeorology and Remote Sensing, University of California, Irvine




Flooding in Tana River Valley, Kenya, due to extended
and unseasonal rain

Los Angeles (1955)




Observed changes: Drought Reconstruction

Drought as documented in the paleoclimatic record?

» Within the past millennium there have
been severe droughts in both the western isw
U.S. and Midwest that have lasted for
multiple decades (50 years).

Confidence

o Index

Source: Tom Karl NCDC-NOAA 2007
Center for Hydrometeorology and Remote Sensing, University of California, Irvine

Recent US Southwest Drought in Historical Context

Elephant Butte, NM [==a s
Middle Rio Grande Basin, NM AD /=" "oV Beect

[
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o
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Drought Mégadrought variabl
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Ensuring Water in a Changing World

&(ﬁ:hallenge offpredicting
futtresClimane:

Climate Predictions into the Future!

Some Results at the
Seasonal to Inter-annual
and Longer time Scales:

Center for Hydrometeorology and Remote Sensing, University of California, Irvine




Climate model Predictions about the future? = globally

DJF Precipitation Changes
CM2 - Old model

CMB3 - Updated model

Significant differences
in regional outcomes!

Source: Hadley Center (Climate Change Projections)

Center for Hydrometeorology and Remote Sensing, University of California, Irvine

What do climate models tell us about the future?

Model annual precipitation HadCM3 Precipitation % Trend (Annual)

trends over 21%t century i
s .

Hadley Center: / =

Southwest dries out

What to tell water managers?

=20,

Canadian Center:
Southwest extremely wet

-6,

SAHRA
Center for Hydrometeorology and Remote Sensing, University of California, Irvine




Recent Extreme Conditions in the U.S. Southwest

Sever Multi-year
Drought through
2004

Lake Powell, Colorado River, USA
Source: J. Kane SRP 2004

Center for Hydrometeorology and Remote Sensing, University of California, Irvine

Recent Droughts:zl\/'léi—m :

hotograph by Michael Melford
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2005 Record Rains in California

Courtesy: NASA’s ESE @

Center for Hydrometeorology and Remote Sensing, University of California, Irvine

Center for Hydrometeorology and Remote Sensing, University of California, Irvine
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Eye-Catching Article in Science Magazine

Model Projections of an Imminent
Transition to a More Arid Climate in
Southwestern North America

Richard Seager,** Mingfang Ting," lsaac Held,™" Yochanan Kushnir, Jian Lu,*
Gabriel Vecchl,” Huseh-Ping Huang," Nili Hamik,® Ants Leetmaa,” Ngar-Cheung Lau,™
Cuibwa Li,* Jennifer Velez,' Maomi Naik®

How anthropogenis climate change will affect hydroclimate in the arid regions of southwestern
North Amesica has implicatioers for the allecation of water resources and the course of reghonal

Center for Hydrometeorology and Remote Sensing, University of California, Irvine

Observed changes: Drought

Drought activity during the 20t and early 21st Century

* U.S. droughts show

pronou_nced multi-year U.S. Percentage Area Dry
to mul'_u_—decadal January 1900 - July 2006
variability, but no ey FrreT daasaces . A 80
convincing evidence DJ?SEM " Dust Bawl - E
for long-term trends il l - LIl g
fewer events. L o g
T e T LR T T B
10 1900 1920 1940 1960 1980 2000
Confid Based on Palmer Drought Index
0 In(::lr:e; ence Moderate to Extreme Drought

Source: Tom Karl NCDC-NOAA 2007
Center for Hydrometeorology and Remote Sensing, University of California, Irvine
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Relationship: Drought, Forest Health, Fire

Arrowhead Lake, CA
Flagstaff, AZ
Drought Weakens Tree’s Tolerance to Beetle Attack, Causing

High Tree Mortality, Perfect Target for Forest Fire

13



Post Fire Processes

'#F.;ﬁh.' = .
Incised channel and
deposition due to erosion

Zone increased sediments and runoff
USGS Website (http://wwwhbrr.cr.usgs.gov/projects/Burned_Watersheds/)
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Cdmmon Practices In
Factoring in Climate:

A Century of Water Resources Development:

Hoover Dam

Central Arizona Project Aqueduct

S

SAHRA
Center for Hydrometeorology and Remote Sensing, University of California, Irvine
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Built-In Resiliency in water resources Systems!

Time of Construction = 1935
Total Storage Capacity = 38.6 BCM

Annual Inflow = 15.4 BCM
Hoover Dam Drainage Area = 432,500 Km?

Time to fill =2.5 Years
Power Generation = 2,074 MW

Time of Construction = 1963

Total Storage Capacity = 33.3 BCM
Annual Inflow = 15.4 BCM
Drainage Area = 280,570 Km?

Time to fill = 2.24 Years
Power Generation = 1,356 MW

Center for Hydrometeorology and Remote Sensing, University of California, Irvine

Water treated on site at a rubber factory, Malaysia

@ Mark Frwarde/SHill Dictirac
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Distribution of Fresh Water Use

380

Water Source

' Fresh Water Use
(10° Cubic Meters)

India

4.0% 3 5oy,

Water Use

M Agriculture
Domestic
M industry

Brazil ] Iran

Center for Hydrometeorology and Remote Sensing, University of California, Irvine

Current Practices In

Factoring in

Ty

Climate:

17



Potential Hydrologic Impllcatlons Needs Work!

~<Sept 1951 Elephant Butte, NM |25

Reconstructed PDSI

E SRR e

What Is the Big Deal About
Characterizing the Long-

Term Uncertainties in
Hydro-ETimate Variables?
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Impact on Design and Operation of Global Infrastructure

More than 70,000 Dams in the U.S.

3 2

1900

™ 2000

Provided by: C. J. Vordsmartyj

Center for Hydrometeorology and Remote Sensing, University of California, Irvine

Colorado Basin
400%

California Region
100%

B. Imam, CHRS-UC Irvine
Center for Hydrometeorology and Remote Sensing, University of California, Irvine
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Supply and Demand Variability of California

Nearly 75% of our
supply is in
Northern half

Almost 65% of our
demand is in the
Southern half and
likely to grow with
projected urban
growth

Center for Hydrometeorology and Remote Sensing, University of California, Irvine

82.2%

Water Source

. Fresh Surface Water
Withdrawal

Fresh Groundwater
Withdrawal

Water Use

M Agriculture
Domestic
B Thermoelectric

. Industry

84.5%

Data in Million Gallon/Day. Source: USGS Water Use Report 1995

Center for Hydrometeorology and Remote Sensing, University of California, Irvine
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“News From Space”

2
<
=

)

Satellite

Reflectance (%)

Center for Hydrometeorolcgy anc Remote Sensing, University of California, Irvine

Bare Soil

Stressed
Vegetation
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Current Meteorological and Earth Observing Satellites in Space

Center for Hydrometeorology and Remote Sensing, University of California, Irvine

Center for Hydrometeorology and Remote Sensing, University of California, Irvine
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A Key Requirement!

Center for Hydrometeorology and Remote Sensing, University of California, Irvine

B

40 Monthly
20 Amount 75 mm
o Frequency 6.7%
1 6 11 16 21 26 Intensity 37.5 mm
local
floods
40
20 Amount 75 mm

1 6

soil moisture replenished
virtually no runoff

0 [ 1 I 1 Frequency 67%

Intensity 3.75 mm
11 16 21 26

Source: K. Trenberth, NCAR

Center for Hydrometeorology and Remote Sensing, University of California, Irvine
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Water Quality Concerns

Figure 4.8: Primary sources of groundwater pollution

,»,—J\<;l/-‘;
9 !

industrialty

N i \ t WA e
sulldwmvy industrial site leaking in-situ famyard leaking  wastewater agricultural

orlandfil polluted river drain storage tanks  sanitation  drainage  sewers lagoons  intensification

Fizta: TN Firs (Mstrates 1ha Eyps of SoLrTas st SHEUM Be IWrEErEs for STSICHIng pebAntial saursas of grnoWEIEr CEmETInIEen.

Source: Feammrat L, 2002

warts Water S8

Center for Hydrometeorology and Remote Sensing, University of California, Irvine

Rain Gauges

Satellite

Sources: R. Fulton, D.-J. Seo. and J. Breidenbach, AMS Short-Course on QPE/QPF, 2002

Center for Hydrometeorology and Remote Sensing, University of California, Irvine




TR M M DATA SW&th Courtesy: NASA’s ESE ﬁ%

Center for Hydrometeorology and Remote Sensing, University of California, Irvine

TRMM Radar Capabllltles Katrina August 2005

Courtesy: NASA’s ESE mﬂ

Center for Hydrometeorology and Remote Sensing, University of California, Irvine
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Satellite Products: Promising future

£ HyDISB UNESCO MASA Global Precipitation Mapper (DHTML) - Windows Internet Explorer

@ bean o -

Center for Hydrometeorology and Remote Sensing, University of California, Irvine

Animations of PERSIANN/CCS Images
P5km, 6 hour rainfall

8 G-WADI GeoServer:
| Near real-time 4km, 30 minute

Center for Hydrometeorology and Remote Sensing, University of California, Irvine
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Useloff SatellitesRrecipitation Products
oI HVarelogIcsARplications:

<

GPM Mission: Target Date 20127

S

A
*\

AN

k8

3

OBJECTIVES D>+

“ =

® 1 Main satellite + 8 Smaller
Satellites \

¥

® Provide sufficient global sampling
to significantly reduce uncertainties
in short-term rainfall accumulations

Center for Hydrometeorology and Remote Sensing, University of California, Irvine
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CLOUDSAT Animation

Courtesy: NASA’s ESE

Nasa

(,m, & Center for Hydrometeorology and Remote Sensing, University of California, Irvine
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CloudSat View of Tropical Strom Alberto

NEXRAD Radar (12 June, 2006 07:37 GOES-12 Geostationary Satellite — Infrared
e Image (12 June, 2006 07:32 UTC)

365 370 375 380

Concentration in parts-per-milion by volume Provided By: Mous Chahine
Center for Hydrometeorology and Remote Sensing, University of California, Irvine
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Comparison of CO2 Annual Variations -- Mona Loa Observatory (MLO) and AIRS

The Agua |
Space_craft

AIRS CO, for “Cloud-Free” Tropical Oceans

T T T

T T T T

€O, (ppmv)

aror

N

MLO-AIRS (ppmv)
. o

S

|
2003 2004 2005 2006
Time

Larrabee Strow, U Maryland Provided By: Mous Chahine

Center for Hydrometeorology and Remote Sensing, University of California, Irvine

MODIS: Moderate Resolution
Imaging Spectrometer 2=

B. Imam, CHRS-UC Irvine

Center for Hydrometeorology and Remote Sensing, University of California, Irvine
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Global Fire Map from Space

Center for Hydrometeorology and Remote Sensing, University of California, Irvine

2002

o o | s o s | s |
Al Oct Maw lan Fet Mar Aor May  Jun Jul Aug

Center for Hydrometeorology and Remote Sensing, University of California, Irvine

31



Ja—
HESS
S

e

IntBrief:
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Projected Global Population: 8.3 Billion by 2025
e e ’ -y o —

e —
T

Arid/Semi-Arid I:l Hypermid- Sub-Humid-'Humid-

& Cold

Global Urban population 1970: ~37%
2010: ~53%

Center for Hydrometeorology and Remote Sensing, University of California, Irvine
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Urban Effect on Rainfall

Courtesy: NASA’s ESE @

Center for Hydrometeorology and Remote Sensing, University of California, Irvine

- Center for Hydrometeorology and Remote Sensing, University of California, Irvine
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Yucca Mountain: Nuclear Waste Repository

Waste Package and
Crip Shield Degradation

Repository v

425
e Water Diversion
- A Performance of the
AR Engineered Barriers
\ - 428
» Waste Form
DCegradation and
Radionuclide Release
427
Engineered Barrier
System Transport

422
Effects of Decay Heat
on Water Movement

4.2
In-Drift Physical and
Chemical Environment

4210
Biosphere

428

!Tlnsa(urated Zone
ransport

4287

Saturated Zone

Transport

Crawing Mot To Scale
00050DC_ATP_Z1542_175a.ai

Center for Hydrometeorology and Remote Sensing, University of California, Irvine
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Our Sponsers

e <

Center for Hydrometeorology and Remote Sensing, University of California, Irvine




Thank You For Listening

ande River, NM Photo: J. Sorooshian 2005

Observing the Oceans!

Center for Hydrometeorology and Remote Sensing, University of California, Irvine
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