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Studying the Hydrologic Cycle at Various Scales

. . Evapotranspiration
Sublimation Evaporation

Surface
Runoff

> Discharge

Snow Accumulation
Mountain AN \ |
Front S SR SR AR
harge ' Precipitation
Snowmelt \
Runoff

Discharge

\ \7\\\\\\ NS

B, g VA Surface
e, W\ Infiltration




Climate, Hydrology and Water Resources

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

e Can we predict the future changes
which are res po nsjve 7 |
to ““user” needs?

Center for Hydrometeorology and Remote Sensing, University of California, Irvine
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Global Warming And Hydrologic Cycle Connection
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Hydroclimate Science and Hydrologic/Water Resources Engineering

SCIENCE ENGINEERING
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. Mesoscale Hydrologic/Hydraulic Routing,
¥ Models Water Resources Models

Hydrologic/Hydraulic and
Water Resources Engineering

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



River Basins and Watersheds

Continental Scale:

Different Scales
Different Issues

Watershed Scale:
Where hydrology happens
Where stakeholders exist




Information Relevant to Water Resources Planning

0 eetions

Center for Hydrometeorology and Remote Sensing, University of California, Irvine
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Climate Model Downscaling to regional/watershed Scale
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Ensemble Approach

Generation of Future Precipitation Scenarios
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Downscaled Precipitation to Runoff Generation

Generation of Future Runoff Scenarios
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IRI 3-Month Multi-Model Probability Precipitation Forecast

IRI Multi—-Model Probability Forecast for Precipitation for
August-September—October 2022, Issued July 2022
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IRI 3-Month Multi-Model Probability Precipitation Forecast

IRI Multi-Model Probability Forecast for Precipitation for
June-July—August 2022, Issued May 2022
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IRI 3-Month Multi-Model Probability Precipitation Forecast

IRI Multi-Model Probability Forecast for Precipitation for
August-September-0O
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Future Modeling Scenarios (2006-2099)

Uganda-Rwanda:
future model
projections
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RCP85 (*“High”: 8.5 W/m?, Equivalent CO, conc. 936 ppm by 2100)

IPCC ARS Scenarios Time period: 2006-2099

CNRM-CM5 CSIRO-MK-3.6.0 GISS-E2-R HadGEM2-ES
(France GCM) (Australian GCM) (U.S. GCM) (U.K. GCM)

Precipitation change (mm per month per decade)
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Future Modeling Scenarios

North East Africa

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



IPCC AR5 Scenarios Time period: 2006-2099

RCP8.5 (“High”: 855 W/m?, Equivalent CO, conc. 936 ppm by 2100)

_ I
CNRM-CM5 CSIRO-MK-3.6.0 GISS-E2-R HadGEM2-ES
(France GCM) (Australian GCM) (U.S. GCM) (U.K. GCM)
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Drought Predictability

Current Skill User Needs
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\What Is the Message?

*Presently, the accuracy of Hydroclimate
model predictions fall short of meeting
the requirements of water resources

plannln o

erational Purposes
eir use while highly

‘ H
and unw

uncertz N

Therefore, Factoring in Resiliency in water resources

system’s design and planning is still the safest approach!
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A Century of Water Resources Development:




|/Stochastic
rology
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Statistical Hydrology: “synthetic” stream flow Generation
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Flood Frequency Analysis: Stationarity!

Return Period (Years)
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Statistical Hydrology Developed Based on Stationarity Assumption
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Potential Hydrologic Scenarios

1. Precipitation and Runoff Trenas. 2. Hydrologic Variability

(e.g. increase/decrease) (e.g. magnitude/severity/duration)
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Common practice in Flood and River Flow Forecasting

River Discharge

Forecast > )
Current Time Time

: Animation Assisted by: Q. Xia & Gi-H. Park
Center for Hydrometeorology and Remote Sensing, University of California, Irvine




Extending the Short-term flood Forecasts

Estimating Future “Short-Term™ Rainfall:

1- Models: (NWP - QPF)

2- Extrapolation-based Nowcasting



Efforts in Extending the Forecast Lead Time

Observatlons (QPE) 7 opF

/g . 3

River Discharge

Forecast < )
Current Time Time

Animation Assisted by: Q. Xia, Gi-H. Park & L. Bastidas
Center for Hydrometeorology and Remote Sensing, University of California, Irvine




Progress in QPF to extend the

lead ti drologic forecasts
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Quantitative Precipitation 24 Hour Forecast (QPF): Issued July 24 2022
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Day 3 Significant Weather Forecast valid for Tue, Jul 26, 2022
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https://www.wpc.ncep.noaa.gov/kml/noaa_chart/WPC_Day3_SigWx_latest.kml

Watches and Warnings

& a%: NATIONAL WEATHER SERVICE

s
HOME FORECAST PAST WEATHER SAFETY INFORMATION EDUCATION NEWS SEARCH ABOUT
Local forecast by Intense Heat Continues; Severe Weather and Flooding Possible
"City, 5t" or ZIP code
Sl Co | Intense heat will continue in portions of the U.S. with numerous record high temperatures in the NMortheast and Mid-Atlantic and

— oppressive heat indices from the East to the southern FPlains. Severe thunderstorms capable of producing flash flooding will be

possible in the eastern Great Lakas and Mortheast Flash flooding is also possible in the Four Corners region from monsoon
showers/storms. Read Mare =
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Center for Hydrometeorology and Remote Sensing, University of California, Irvine




HPC QPF verification: 1-inch threat score

https://www.wpc.ncep.noaa.gov/images/hpcvrf/wpclOyr.gif

Annual WPC Threat Scores: 1.00 Inch
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HPC QPF verification 2-inch threat score

https://www.wpc.ncep.noaa.gov/images/nhpcvrf/wpclOvr.di
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Fundamental Law

_ Change In Storage AS

| - O =AS

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



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

Distributed
(Mike SHE)
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VIC Model

Distributed

& Center for Hydrometeorology and Remote Physically-based



Hydrologlc I\/Iodellng 3 Elements!

— If the “World” of
Was Perfect!
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Center for Hydrometeorology and Remote Sensing, University of California, Irvine




Flow Iin Channels: How far can we go simplifying?

QOverbank areas

n — Manning Coefficient
R — Hydraulic Radius
S — Energy Slope




Hydrologic Modeling




Hydrologic Modeling: “Lumped”

Precipitation
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“Semi-distributed” Hydrologic Models

- Observed
Lumped Model
[\/\‘ Semi-Distributed Model
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Day Animation Assisted by: Q. Xia
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Center for Hydrometeorology and Remote Sensing, University of California, Irvine



Example of Distributed Model Appl. in large Basins

Sub-basin 3

Large basin

—L o Sub-basin 4
| Sub-basin2 It —

Sub-basin 1




Example of Distributed Model
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Hydrologic Modeling

Will be Covéred By Professor Ph. Nguyen
y DATA guy




Model Calibration




A look Into the “heart” of R-R Models
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Percolation Process is the
Core element in Partitioning
the rain between the various
stores
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4 Center for Hydrometeorology and Remote Sensing, University of California, Irvine




The ldentification Problem

1. Select a model structure (Input-State-Output equations)

2. Estimate values for the parameters

U — Universal Set

B - Basin .

M;(0) — Selected
Model Structure

U

“The Truth”

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




The Concept of Model Calibration

Measured Measured
Inputs Outputs

B Real World N

IVIODEL (9) Computed

Outputs

v

Optimization
Procedure

"Calibration: constraining the model to be consistent with observations”

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



AGU Monograph — Now Available

ater Science and Application &

Calibration of Wa fershed Models presents

a state-of-the-art analysis of mathematical
methods used in the idemtification of models
far hydrologic forecasting, design, and water
resources management. From reviewing
advances in calibration methodologies,

to describing automated and interactive
strategies for parameter estimation, uncertainty
analysis, and probabilistic prediction, this
book addresses five questions essential to
the discipline:

What canstitutes best estimates for
watershed model parameters?

What computational procedures ensure
proper model calibration and meaningful
evaluation of performance?

How are calibration methods developed
and applied to watershed medels?

What calibration data are needed for
reliable parameter values?

Hew can watershed modelers best
estimate model parameters and assess
related uncertaimt es?

Far scientists, researchers and students of
watershed hydrology, practicing hydrologists,
civil and erwironmertal engineers, and water
TESOLNCE Managers.

Qingyun Duan
Hoshin V. Gupta

Soroosh Sorooshian

www.agu.org :
Alain N. Rousseau

Richard Turcotte
Editors




End of Lecture I
Thank You For Listening

gRlver NM Photo: J. Sorooshian 2005



Additional Slides

Backup Material

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



RCP26 (“Low”: 2.6 W/m?, Equivalent CO, conc. 421 ppm by 2100)

IPCC ARS5 Scenarios Time period: 2006-2099

CNRM-CM5 CSIRO-MK-3.6.0 GISS-E2-R HadGEM2-ES
(France GCM) (Australian GCM) (U.S. GCM) (U.K. GCM)

Precipitation change (mm per month per decade)
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Center for Hydrometeorology and Remote Sensing, University of California, Irvine




IPCC AR5 Scenarios Time period: 2006-2099

B
CNRM-CM5 CSIRO-MK-3.6.0 GISS-E2-R HadGEM2-ES
(France GCM) (Australian GCM) (U.S. GCM) (U.K. GCM)
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Center for Hydrometeorology and Remote Sensing, University of California, Irvine



Threat Score
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Threat Score

69
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Quantitative Precipitation Forecast (QPF)

WPC QPF verification vs. the models

ThreatScore
6-hourly, 0.25 inch, May 2019 - April 2020

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