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Global Global WWarming And Hydrologic Cycle Connectionarming And Hydrologic Cycle Connection
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Recently Released IPCC Report (AR5) - Sept.  2013 

• “It is likely that since 1950 the number of 
heavy precipitation events over land has 
increased in more regions than it has 
decreased.” 

• “……… there continues to be a lack of 
evidence and thus low confidence 
regarding the sign of trend in the 
magnitude and/or frequency of floods on a 
global scale”
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Global Climate:  Past Decade  and Prediction of  End of 21st Centaury  

Fair Question:

Where does all the
additional Precipitation go?
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Two Primary Water Resources/Hydrology 
Challenges:

• Hydrologic Hazards ( Floods and 
Droughts)

• Water Supply Requirements ( Quantity 
and  Quality)
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Central Arizona 
Project Aqueduct

Engineering Approach:
Control, Store, Pump and Transfer

Primary Solution To Satisfy 
Water Resources Needs and 
Address Hydrologic Extremes
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1800 1900

1950

Impact of  Dam & Reservoir Construction

2000
More than 70,000 Dams in the U.SMore than 70,000 Dams in the U.S
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Short Range Long Range 

hours days weeks months seasons years decades

Prediction Requirements for Water Resources   

Forecast Requirements

Short-range Mid-range Long-range
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Short Range Long Range 

hours days weeks months seasons years decades

Climate-Scale  approaches to addressing hydrologic extremes    

Forecast Requirements

Long-range
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Short Range Long Range 

hours days weeks months seasons years decades

Climate-Scale  approaches to addressing Regional hydrology

Forecast Requirements

Long-range

•Use of climate models:   
down-scaling and ensemble 
schemes

•Traditional statistical 
hydrology methods: 

•Use of climate models:   
down-scaling and ensemble 
schemes

•Traditional statistical 
hydrology methods: 
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Ensemble  Approach  
Generation of Future Precipitation  Scenarios 
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Downscaled Precipitation to Runoff Generation 
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What Do Models Tell Us 
About Future Precipitation 

Patterns and Amounts? 

What Do Models Tell Us 
About Future Precipitation 

Patterns and Amounts? 

Hydrologically-Relevant Climate Variables
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South America

Future Modeling Scenarios 
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Time period: 2006-2099

RCP2.6 (“Low”: 2.6 W/m2,  Equivalent   CO2 conc. 421 ppm by 2100) 
CNRM-CM5 

(France GCM)
CSIRO-MK-3.6.0 
(Australian GCM)

GISS-E2-R 
(U.S. GCM)

HadGEM2-ES 
(U.K. GCM)

IPCC  AR5 Scenarios
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RCP8.5 (“High”: 8.5 W/m2,  Equivalent CO2 conc. 936 ppm by 2100) 
CNRM-CM5 

(France GCM)
CSIRO-MK-3.6.0 
(Australian GCM)

GISS-E2-R 
(U.S. GCM)

HadGEM2-ES 
(U.K. GCM)

Time period: 2006-2099IPCC  AR5 Scenarios
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study region

Current period:1971-2000
Future period: 2041-2070

Emissions Scenario:
A2: regionally oriented 
and fast economic growth

Outputs of six RCM/GCM sets:
North American Regional Climate Change 
Assessment Program (NARCCAP)

Spatial Res.: 50 km
Temporal Res.: daily

Recent Evaluation of RCM/GCM over Western U.S. 

Wei Chu 2011
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Trend of area-average precipitation (comparing 2040-2070 with 1970-2000)

Models indicate different signs and magnitudes of changes in the mean
precipitation over the Western U.S. under the SRES A2 emissions scenario.

Recent Evaluation of RCM/GCM over Western U.S. 
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Short Range Long Range 

hours days weeks months seasons years decades

Seasonal-Scale  Predictions  

Forecast Requirements

Mid-range
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IRI 3-Month Multi-Model Probability Precipitation Forecast
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Recent Assessment of Seasonal Climate Forecasts 

Livezey &Timofeyeva - BAMS, June 2008.

• “About the only time forecasts had 
any success predicting precipitation 
was for winters with an El Nino or a 
La Nina”

Quoting from    
Science, Vol. 321, 
15th August 2008 
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What Does History Tell Us? What Does History Tell Us? 

Hydrologically-Relevant Climate Variables
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16th century “megadrought”
1930’s dustbowl

>100 year “megadroughts”

2000-year Climate history of central U.S.

Dust
Bowl

2000 yrs. ago Today

Source: Overpeck 2004

The US  Mid-West
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•Presently, the accuracy of Hydroclimate 
model predictions  fall short of meeting 
the requirements of water resources 
planning.

• Hardly used for operational  Purposes 
and unwise to push their use while highly 
uncertain.

Therefore, Factoring in Resiliency in water resources 
system’s design and planning is still the safest approach!    

What is the Message?
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Addressing “Extremes” in 
Water Resources Planning:

Stochastic  Hydrology  
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Flood Frequency Analysis:  Stationarity! 
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Sept 1951 Elephant Butte, NM Jan 2003
Middle Rio Grande Basin, NM AD Grissino-Mayer, Baisan,

Morino, & Swetnam, 2001

Statistical Hydrology Developed Based on Stationarity Assumption  

1250       1350       1450       1550        1650       1750    1 850      1950       2050        2150       2250        2350 2450       2550      2650      2750

R
ec

on
st

ru
ct

ed
 P

D
SI

-
-
-
-
-
-
-
-
-

2.0

1.5

1.0

0.5

0

-0.5

-1.0

-1.5

-2.0

Past Present Future



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

1 0.5           0.2       0.1      0.05         0.02      0.01   0.005       0.002   0.001 
Probability of Exceedance

Return Period (Years)
1          2               5       10          20            50       100     200        500    1000 

600

500

400

300

200

100

0

D
is

ch
ar

ge
(1

00
0 

cf
s)

Potential Hydrologic Scenarios 
1. Precipitation and Runoff Trends 1. Precipitation and Runoff Trends 

(e.g. (e.g. increase/decreaseincrease/decrease))
2. Hydrologic Variability 2. Hydrologic Variability 

(e.g. (e.g. magnitude/severity/durationmagnitude/severity/duration))
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Big Challenge    

Adequacy of Hydrologic 
Observations for model 
Input, Calibration and 

Testing
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Observation of Primary Hydrologic  Variables

Precipitation

Stream flow
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Number of range gauges per grid box. These boxes are 2x2 degrees
(Source: Global Precipitation Climatology Project) 
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Precipitation Observations: Which to trust??
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Coverage of the WSR-88D and gauge networks

3 km AGL2 km AGL1 km AGL
Maddox, et al., 2002

Daily precipitation
gages (1 station per 600 km^2 
for Colorado River basin)
hourly coverage
even more sparse
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Space-Based Observations

Satellite Observations:Satellite Observations:
Rainfall EstimationRainfall Estimation
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Satellite Data for Precipitation estimation

Geostationary IR
Cloud top data
15-30 minute temporal 
resolution

Passive Microwave (SSM/I)
Some characterisation of  rainfall
~2 overpasses per day per 
spacecraft, moving to 3-hour 
return time (GPM)

TRMM precipitation RADAR
3D imaging of  rainfall 
1-2 days between overpasses
(  S-35°N-35 °)
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PERSIANN SystemPERSIANN System
PPrecipitation recipitation EEstimation from stimation from RRemotely emotely SSensed ensed IInformation using nformation using AArtificial rtificial NNeural eural NNetworksetworks

Precipitation Estimation from Remotely Sensed Information 
using Artificial Neural Networks (PERSIANN)



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

4km, 30 min. global Rainfall Estimates 
from Multiple Satellites

Many Features provided to users 
with Public Domain Software.

Real Time Global Data:  Cooperation  With UNESCO
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PERSIANN Satellite Product On Google Earth

http://chrs.web.uci.edu/
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Spatial-Temporal Property of Reference Error
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GPM Animation Courtesy: NASA’s ESE
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-- PERSIANNPERSIANN--CONNECTCONNECT
-- PERSIANNPERSIANN--CDRCDR

PERSIANN PERSIANN ExtensionsExtensions: Climate: Climate--Related Related 
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*Sellars, S., P. Nguyen,  W. Chu, X. Gao, K. Hsu, and S. Sorooshian (2013), 
Computational Earth Science: Big Data Transformed Into Insight, EOS Trans. AGU, 94(32),277

PERSIANN-CONNECT
PERSIANN-CONNected precipitation objECT
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2001-01-02 02:00:00 

2001-01-04 06:00:00 

Regional Search: Specific Storm
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Regional Search: 2001 Storms
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Regional Search: All Storms (2000-2010)
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date

Precipitatio
n (mm/day)

11-03

11-04

11-05

11-06

11-07

11-08

11-09

11-10

11-11

Date

Max 
Precip. 
Intensity 
(mm/d)

Total 
Volume
(km3)

11/3/2013 243.67 143.254

11/4/2013 265.65 114.829

11/5/2013 332.88 108.398

11/6/2013 328.25 150.658

11/7/2013 360.94 184.89

11/8/2013 320.47 126.253

11/9/2013 220.7 53.126

11/10/2013 130.69 24.673

11/11/2013 70.27 6.233

Tracking characteristics of 
Typhoon Haiyan

Daily precipitation (mm/day) of Typhoon Haiyan
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Typhoon Haiyan – Total Accumulated Precipitation (mm)

Precipitation          
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Evaluation of PERSIANN-CDR in 

Rainfall-Runoff Modeling

Center for Hydrometeorology and Remote Sensing (CHRS)
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PERSIANN-CDR: PERSIANN Climate Data Record
http://www.ncdc.noaa.gov/cdr/operationalcdrs.html

Paper submitted to 
BAMS, Ashouri et 
al. 2014
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Global Drought Monitoring

Monitoring global “abnormal” wetness and dryness conditions using Standard Precipitation Index 
(SPI) method from GPCP 2.5-deg monthly (top) and PERSIANN-CDR 0.25-deg daily (bottom) 
for the period of 1983-2012. NOTICE the difference in spatial resolution 

GPCP 2.5-deg monthly 

PERSIANN-CDR 0.25-deg daily

H. Ashouri 
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So: So: 
What about all the Remote What about all the Remote 

Sensing Observations and Model Sensing Observations and Model 
Generated Data??Generated Data??

a000174.mpeg
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SWOT
Surface Water and Ocean Topography (2020)

SMAP
Soil Moisture Active Passive Satellite(2014)

SMOS
ESA's Soil Moisture and Ocean Salinity (2009)

GRACE
Gravity Recovery and Climate Experiment (2002)

GPM
Global Precipitation Measurements (2014)

TRMM
The Tropical Rainfall Measuring Mission

MODIS
Moderate Resolution Imaging Spectroradiometer

(1999) , (2002)

Hydrologically - Relevant Remote Sensing Missions  
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Li et al, 2011

Actual ET Estimates From Different Data sets– JJA 2007
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GRACE Satellite Footprint  

1 Degree (~100 Km) resolution

Created by: N. Nasrollahi & S. Sarachi 
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Landslide Risk map: 



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

• Despite advances to date, predicting the future 
Hydro-Climate variables will remain a major 
challenge:

• Nature is complex and observing and modeling its 
nonlinear behavior is very challenging. So, “have a 
will to doubt” the credibility of information 
“generated” by models.

• Long-term and sustained observation programs are 
critical, especially for model verification. Without 
some degree of verifiability, hard to expect their use

What is the Message?
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Thank you for the InvitationThank you for the Invitation

Somewhere in New Mexico, USA - Photo:  J. Sorooshian   
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Back up slides
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Representative Concentration Pathways (RCP) Scenarios: 

RCP2.6: represent ‘low’ scenarios featured by the radiative forcing of 2.6 W/m2 by 2100, the resulting CO2-
equivalent concentrations is 421 ppm in the year 2100 .

RCP4.5: represent ‘medium’ scenarios featured by the radiative forcing of 4.5 W/m2 by 2100, the resulting CO2-
equivalent concentrations is 538 ppm in the year 2100 .

RCP8.5: represent ‘high’ scenarios featured by the radiative forcing of 8.5 W/m2 by 2100, the resulting CO2-
equivalent concentrations is 936 ppm in the year 2100 .

Future Modeling Scenarios 
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RCP4.5 (“Medium”: 4.5 W/m2, Equivalent  CO2 conc. 538 ppm by 2100) 
CNRM-CM5 

(France GCM)
CSIRO-MK-3.6.0 
(Australian GCM)

GISS-E2-R 
(U.S. GCM)

HadGEM2-ES 
(U.K. GCM)

Time period: 2006-2099IPCC  AR5 Scenarios
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El Nino: Known Regional Influences  
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ENSO Example: South Coast California

El Nino winters 
may be very wet.

Very wet winters 
are typically El 
Nino winters, but 
not always...

La Nina winters 
are typically dry, 
but reliably not 
wet.

* Redmond and Koch 1991, Methodology
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*Sellars, S., P. Nguyen,  W. Chu, X. Gao, K. Hsu, and S. Sorooshian (2013), 
Computational Earth Science: Big Data Transformed Into Insight, EOS Trans. AGU, 94(32),277

Global Search: All Storms (2000-2010)
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Validation and Application of Satellite Validation and Application of Satellite 
ProductsProducts
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US Daily Precipitation Validation Page
http://www.cpc.ncep.noaa.gov/products/janowiak/us_web.html
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Short Range Long Range 

hours days weeks months seasons years decades

Required  Hydrometeorological  Predictions  

Short-range

•Weather Scale: 
flood and River flow forecasting 

•Weather Scale: 
flood and River flow forecasting 
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Animation Assisted by:  Q. Xia & Gi-H. Park
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Efforts in Extending the Forecast Lead Time 
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model accuracy  

Animation Assisted by:  Q. Xia, Gi-H. Park & L. Bastidas



NCEP Vision:  First Choice – First Alert – Preferred Partner73

HPC QPF verification
1-inch threat score

Provided by: J. Hoke

TS = (hits) / (hits + false alarms + misses)
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UC-I Global Drought Monitoring System

http://drought.eng.uci.edu/
A. AghaKouchak Group
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UC-I Global Drought Monitoring System

http://drought.eng.uci.edu/
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A. AghaKouchak Group


