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ICTP-Africa Joint School on Rainfall and 
Water Resources Management- July 25-28 2022, 
Organized by UNESCO office in Kigali Rwanda 
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University of California Irvine (UCI)  Research Team: Present and Recent Past

and many more … 
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Studying the Hydrologic Cycle at Various Scales

Globally: 86% of Evap. and 78% of Precip. occur over the oceans 
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Climate, Hydrology and Water Resources

• How will Climate change affect precipitation 
variability and water Availability?

• Can we predict the future changes 
which are responsive 
to “user” needs?
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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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A Key Consideration:

The Link Between 
Climate and Hydrology
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Global Warming And Hydrologic Cycle Connection
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Hydroclimate Science and Hydrologic/Water Resources Engineering

Hydrologic/Hydraulic Routing, 
Water Resources Models

SCIENCE ENGINEERING 

Hydrologic/Hydraulic and 
Water Resources Engineering 

Hydroclimate Science  
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River Basins and Watersheds

Continental Scale: 

Watershed Scale: 
Where hydrology happens
Where stakeholders exist

Different Scales
Different Issues



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

- Models  Projections
- Observations  

Information Relevant to Water Resources Planning 
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Short Range Long Range 
hours days weeks months seasons years decades

Required Hydrometeorologic Predictions  

Forecast Requirements

Short-range Mid-range Long-range
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Short Range Long Range 
hours days weeks months seasons years decades

Required Hydrometeorologic Predictions  

Forecast Requirements

Mid-range Long-range
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Ensemble  Approach  
Generation of Future Precipitation  Scenarios 
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Generation of Future Runoff  Scenarios 

Downscaled Precipitation to Runoff Generation 
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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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IRI 3-Month Multi-Model Probability Precipitation Forecast
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IRI 3-Month Multi-Model Probability Precipitation Forecast
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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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Uganda-Rwanda: 
future model 
projections 

Future Modeling Scenarios (2006-2099) 

Dr. Chiyuan Miao - BNU
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CNRM-CM5 
(France GCM)

CSIRO-MK-3.6.0 
(Australian GCM)

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

HadGEM2-ES 
(U.K. GCM)

Time period: 2006-2099

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

Resolution: 0.5ox0.5o 
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North East Africa

Future Modeling Scenarios 
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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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Primary Solution To Satisfy 
Water Resources Needs and 
Address Hydrologic Extremes

Engineering Approach:
Control, Store, Pump, Transfer and 
a lot more!
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Hoover Dam

A Century of Water Resources Development:   Engineering success

Central Arizona Project Aqueduct
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Addressing “Extremes” in 
Water Resources Planning:

Statistical/Stochastic  
Hydrology  
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Statistical Hydrology: “synthetic” stream flow Generation  
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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  
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Potential Hydrologic Scenarios 
1. Precipitation and Runoff Trends 

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

(e.g. magnitude/severity/duration)
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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 
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Animation Assisted by:  Q. Xia & Gi-H. Park
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Extending the Short-term flood Forecasts 
Estimating Future “Short-Term” Rainfall:

1- Models: (NWP - QPF)

2- Extrapolation-based Nowcasting
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With improved 
QPF & hydrologic                                                                 
model accuracy  

Animation Assisted by:  Q. Xia, Gi-H. Park & L. Bastidas
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Progress in QPF to extend the 
lead time of hydrologic forecasts

NWP
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Quantitative Precipitation 24 Hour Forecast (QPF): Issued July 24 2022  

Source: NWS-WPC website:https://www.wpc.ncep.noaa.gov/kml/kmlproducts.php#qpf
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Day 3 Significant Weather Forecast valid for Tue, Jul 26, 2022

https://www.wpc.ncep.noaa.gov/kml/noaa_chart/WPC_Day3_SigWx_latest.kml
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Watches and Warnings 
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HPC QPF verification: 1-inch threat score
https://www.wpc.ncep.noaa.gov/images/hpcvrf/wpc10yr.gif

TS = (hits) / (hits + false alarms + misses)
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HPC QPF verification  2-inch threat score
https://www.wpc.ncep.noaa.gov/images/hpcvrf/wpc10yr.gif

TS = (hits) / (hits + false alarms + misses)



NCEP Vision:  First Choice – First Alert – Preferred Partner

Progress in hydrologic 
modeling 
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Brief Review of Rainfall 
Runoff modeling:

Progress in Hydrologic 
Modeling 
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Fundamental Law

Input
Output

Change In Storage

I O

∆S

I – O =∆S 
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The Watershed

Area km2 12.78
Perimeter km 19.344
Min Elevation m 478.00
Max Elevation m 1756.00
Mean Elevation 930.34
Max Flow Length 8.878
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Trace The Water Drop
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Evolution of Hydrologic R-R Models   
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MODEL

PARAMETER
ESTIMATION

DATA

If the “World” of 
Watershed Hydrology
Was Perfect!

Hydrologic Modeling:   3 Elements!  
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Flow in Channels: How far can we go simplifying? 

V = n-1 R2/3 S1/2

n – Manning Coefficient
R – Hydraulic Radius
S – Energy Slope
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Hydrologic Modeling  
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Observed
Lumped Model

Animation Assisted by: Q. Xia  

Hydrologic Modeling: “Lumped”  
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Observed
Lumped Model
Semi-Distributed Model

Animation Assisted by: Q. Xia  

“Semi-distributed”  Hydrologic Models
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Example of Distributed Model Appl. in large Basins
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Observed
Lumped Model
Semi-Distributed Model
Distributed Model

Animation Assisted by: Q. Xia  

Example of Distributed Model  
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Hydrologic Modeling  

Will be Covered By Professor Phu Nguyen 
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Model Calibration 
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PD = f(Z, X)

A look into the “heart” of  R-R Models   

Percolation Process is the 
Core element in Partitioning 
the rain between the various 
stores 

PD = f(Z, X)
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The Identification Problem
1. Select a model structure (Input-State-Output equations)

2. Estimate values for the parameters

U

U – Universal Set M1(θ)

M2(θ)

Mi(θ) – Selected
Model Structure

D

D

O

O

B  - Basin

“The Truth”
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The Concept of Model Calibration
Measured
Outputs

Yt

t

Real World 

Measured
Inputs

MODEL (θ) Computed
Outputs

Prior
Info θ

Computed
Outputs

+
-

Optimization
Procedureθ

“Calibration: constraining the model to be consistent with observations”
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AGU Monograph – Now Available
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End of Lecture I  
Thank You For Listening

The Rio Grande River,  NM   Photo:  J. Sorooshian  2005
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Additional Slides

Backup Material 
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CNRM-CM5 
(France GCM)

CSIRO-MK-3.6.0 
(Australian GCM)

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

HadGEM2-ES 
(U.K. GCM)

Time period: 2006-2099

RCP2.6 (“Low”: 2.6 W/m2,  Equivalent   CO2 conc. 421 ppm by 2100) 
IPCC  AR5 Scenarios

Resolution: 0.5ox0.5o 
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CNRM-CM5 
(France GCM)

CSIRO-MK-3.6.0 
(Australian GCM)

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

HadGEM2-ES 
(U.K. GCM)

Time period: 2006-2099

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

IPCC  AR5 Scenarios

Resolution: 0.5ox0.5o 
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NCEP Vision:  First Choice – First Alert – Preferred Partner69

Quantitative Precipitation Forecast (QPF)

TS = (hits) / (hits + false alarms + misses)
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