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Outline for Today’s Talk, Three Parts

1. Background

2. Research
— Grand challenges, water
— Precipitation patterns
— Design storms
— Flood frequency analysis
— Antecedent soil moisture

3. Concluding remarks



Global Water Withdrawal and Population
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 World population increased 4.4 times
« Water withdrawal increased 7.3 times




Too Much Too Little

Oroville, California,

Kansas drought; August 21, 2012

Intensity: Source: USDA Flash flooding 2.97” breaks the
oo snamaty0ry [ 03t xremoDmugi Drought Monitor daily rainfall of 2.91” in 1908

D1 M oderate Drought - D4 Exceptional Drought

Manhattan, Kansas, USA



Spatiotemporal Precipitation Patterns-
Mean values
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Extreme values

Extreme precipitation
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Design Storms
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Precipitation shifts- 2-yr return period

Periods | Increase in area

2vs.1l 64%
3vs.1l 90%
3vs.2 68%

1: 1920-1949
2:1950-1979
3:1980-2009
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Precipitation dlfference for 2 year return period of a)1950-1979 vs. 1920-1949,

b)1980-2009 vs. 1920-1949 duration, and c) 1980-2009 vs. 1950-1979.

Rahmani et al. 2014



Precipitation shifts-100-yr return period

Periods | Increase in area

2vs.1l 69%
3vs.1l 66%
3vs.2 42%

1: 1920-1949
2:1950-1979
3:1980-2009
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Precipitation difference for 100 year return period of a)1950-1979 vs. 1920-1949,
b)1980-2009 vs. 1920-1949 duration, and c) 1980-2009 vs. 1950-1979.




Design storms- 2-yr return period

Periods Increase in area

1vs. TP40 33%
2vs. TP40 43%
3vs. TP40 84%
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Precipitation distribution shift (mm) of Hershfield [1961] vs. the period of
a)1920-1949, b)1950-1979, and ¢)1980-2009 for 2-year return period



Design storms- 100-yr return period

e 1920-1949: 28% of the state
gained more than 50 mm of
rainfall, 53% between 25
and 50 mm, and 19% less
than 25 mm.

 The majority of the state
was over-predicted by 25—
50 mm during the second
period (69%) and third
period (84%).
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Precipitation distribution shift (mm) of Hershfield [1961] vs. the period of
a)1920-1949, b)1950-1979, and ¢)1980-2009 for 100-year return period.



Improving Flood Estimates- 2018 Labor Day
Flashflood

Flood generating mechanism

2018 Flash flooding
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) Shifts in Seasonal Precipitation-
From June to May
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Remote Sensing Soil Moisture-Flashflooding

e Using remote sensing soil moisture against in situ soil

moisture

* NASA Soil Moisture Active Passive (SMAP) launched in 2015

e Large scale soil moisture
information for flood and
drought assessment and
prediction

e Streamflow prediction
* Regional scale water

management

Tavakol et al. 2019
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Concluding Remarks

e Climate change: “Stationarity is Dead!” (il etal. 2008)
— Extreme precipitation: Rethinking of design storms

— Precipitation distribution: Short-, mid-, and long-term
decisions for sustainable water management

— Trends: Policy makers and water managers




A Long-term Vision for the Future of Water in
Kansas

* Governor Support
* Focus: sustainable water supply

— Surface water and groundwater
— Reduce vulnerability to extreme

ure

events; floods and drought

=
vel =t
fes

— Develop and maintain water

A LONG-TERM VISION FOR THE FUTURE OF

infrastructure WATER SUPPLY IN KANSAS

Developed based upon input from the citizens of Kansas

— Sedimentation management

January 2015

— Provide reliable, sustainable

water supply




Thank you!

Questions?

Vahid Rahmani, Ph.D.
Assistant Professor
Biological and Agricultural Engineering
Kansas State University
Email: viahmani@ksu.edu
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Ideas for Collaboration?

e Changes in Interconnected Climatic and Hydrologic
Extremes

Precipitation changes ; Flooding/Flash
Flooding ; Soil moisture ; Streamflow
Prediction ; Sedimentation ; Wetlands ;
Surface water/groundwater ; Drought ;
Heatwaves ; Ecosystem health ;
Plant/animal/human health ; Water quality




Climate Change: Global Warming

 Temperature increase of 0.74 °C for 1906 to 2005
(IPCC 2007)
— Steeper slope for the last 50 years

— Greater rate of runoff for higher latitudes and wet
tropical regions (Karl et al. 2009)
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U.S. Drought Monitor  ~v9:32%.20"2

Intensity: Drought fmpact Types:
D0 Abnemmally Dry ' Delineates dominant impacts

D1 Drought - Moderate

S = Shart-Term, typically <6 months @
I D2 Drought - Severe (&.g. agriculure, grassliands)

it - I
M D3 Drought - Extreme L = Long-Term, typically =& months

I D4 Drought - Exceptional {6 hydrology, ecalogy) USDA E @ o
= { @ i
s \D) N

The Drought Monitor focuses on broad-scale conditions.

Local conditions may vary. See accompanying text summary

for farecast statements. Released Thursday, August 30, 2012
htlp: .‘!droughtmonitor.unl.edu / Author: Brian Fuchs, National Drought Mitigation Center

Author:
Mark Svoboda
National Drought Mitigation Center

August 2012 Statewide Ranks

National Climatic Data Center/NESDIS/NOAA

Precipitation
1 = Driest

118 = Wettest
Record Much Below Near Above Much Record
Driest Below Normal Normal Noermal Above Wettest

Normal Normal

August 4, 2015
(Released Thursday, Aug. 6, 2015)
Valid 8 a.m. EDT

Drought impact Types:

r~ Delineates dominant impacts

S = Short-Term, typically less than

6 months (e.g. agriculture. grasslands)
L = Long-Term, typically greater than
& months (e.g. hydralogy, ecology)
intensity:

[] DO Abnarmally Dry

[] D1 Moderate Drought

[ D2 Severe Drought

I D3 Extreme Drought

I D4 Exceptional Drought

The Drought Moritor focuses on broad-

scale conditions. Local conditions may
vary. See accompanying text summary for
farecast statements.

% vvm.ﬁ \WJ 22

http://droughtmonitor.unl.edu/




Sustainable Water Resources Management in
the USA and Kansas

Precipitation: Annual Climatology (1981-2010)

1inch = 25.4 mm

30-yr average: Expected

Precipitation: Aug 2012
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Water Resources Management

* Access to reliable, sustainable clean water (na€g, 2014)
— Extreme events:

* Flooding in eastern Kansas and drought in western
Kansas

Kansas drought; August 21, 2012 Kansas flood; May 4, 2015

-

Intensity. Source: USDA Flash flooding 2.97” breaks the
D0 Abnomalby Dny - D3 Extreme Drought Drou ht Monitor 5 v v/
D1 M oderate Drought - D4 Exceptional Drought g dally ralnfal, Of 2. 91 In 1908

02 Severs Drought Manhattan, KS



Evaluation of Remote Sensing Soil Moisture
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Correlation between Remote Sensing and In-situ
Soil Moisture
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Groundwater Use for Agricultural Production-
Dry Heatwaves

sou DAKOTA 1 i

e High Plains Aquifer, Ogallala
« 85% of diverted water goes
to irrigation

AAAAAAAAAAA
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AMF and PDS flood quantiles using LP3 and
GEV distributions

LP3 GEV LP3 GEV

PDS PDS




