Mapping Gridded Drought Index to Mitigate

Drought Impacts on the Mountain West

Jae Ryu

Department of Biological and Agricultural Engineering

Mountain West Water Institute “Water Ways and Means”
May 15-16 2012
Hilton Garden Inn

- Universityofldaho

A LEGACY OF LEADING




Presentation Outline
e Research at the previous institution

e Current and future research, and
beyond to deal with Idaho water
Issues
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Research Experiences, NDMC

e Water and drought web portal for
Republican River Basin, Nebraska (NOAA)

e Seasonal capability for US Drought
Monitoring (NASA)

* US Drought Atlas Project (USDA)

e Distributed Model Intercomparision Project
(DMIP)
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# Home

# Basin History

= Legislation

# Current Conditions
= Forecasting

= Impacts

# Management

= Planning

# Education

# Research

Quick Links
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Welcome to Republican River Basin Water and Drought Portal

Water rezsources in the Republican River Basin are vital
to the sustainability of the life that surrounds them. Mot
anly is it important to the well being of people but it's
alzo neceszary for crop production, animal life, and the
hydrological cycle. This portal was created to provide
comprehensive information on emerging and ongoing
water and drought issues for anyone that has an
interest in the Republican River Basin. It will give
stakeholders the planning information and tools needed
to develop sustainable water strategies as well as
information to better prepare for and respond to water
shortage and drought.

The portal is part of the National Integrated Drought
Information System (MNIDIS), which i=s a national effort to provide enhanced access to drought-related
information.

"2007 was Tenth Warmest
for U.S., Fifth Warmest

We will continue to add content to this worldwide" - NOAA
website. Please visit us again to find (1.15.2008)

more and updated information. Your (view article)

feedback is important to us. Please

send comments to ‘clknutsonl@unl.edu’. "Harvesting Rainwater by

Mot Letting it Go to Waste™
- NPR (1.10.2008)
{view article
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Web-GIS Visualization

o ArcIMS (ESRI): Commercial, cost, server
license

* Google Map/Microsoft Virtual Earth:
Commercial, free with condition, online key

o MapServer (UMN): Open source, free of
' charge, GNU License
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Gaged Locations

A DMIP1 Gages
#« New Gages for DMIP2

Elk River
Basin

a. blup1

1. Blue R. at Blue, OK
1a. Blue R. at Connerville, OK
2. lllinois R. at Talequah, OK
3. Baron Fork at Eldon, OK

4. Peacheater Cr. at Christie, OK
5. Flint Cr. at Kansas, OK

6. lllinois R. at Watts, OK

7. lllinois R. at Savoy, AR
8. Elk R. at Tiff City, MO
9. Big Sugar Cr. at Powell, MO
10. Indian Cr. at Lanagan, MO

~lllinois River

Blue River Basin

Basin

11. Osage Cr. at Cave Springs, AR
12. Osage Cr. at Elm Springs, AR
13. lllinois R. at Siloam Springs, AR
14. Flint Cr. at Springtown, AR

15. Sager Cr. at Siloam Springs, OK
16. Baron Fork at Dutch Mills, AR

Figure 1 Study area of DMIP2 basins. Note that triangles represent USGS stream gages used for DMIP1 project
and circles indicate new gages added for DMIP2 project
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e Federal

. — U.S.Bureau Reclamation (USBR) t\
JJ — U.S. Geological Survey (USGS)
— U.S. Army Corps of Engineers (USACE)

Natural Resources Conservation Service (NRCS-US

— - Universityoflda
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I [dahoModels |

ESPAM (MODFLOW-Groundwater Model)

VIC (Vegetation Infiltration Capacity Model)

Snake River Planning Model (SRPM)
Movement: MODSIM = POWERSIM=> RIVERWARE

GIS-Based Accounting Model (IDWR)
GFLOW (Conceptual Groundwater Model)
GAMS (General Algebraic Modeling System)

Climate Change

Policy-Driven Decision Making
Adaptive Management Options
Water Dispute Resolution
Sustainable Water Resources Planning and Management
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Surface/Groundwater Interaction in
the Eastern Snake A quifer System

Snake River
Henrys Fork

/l ‘ Creeks
Ground Water Flow
B Irrigation Diversions
Surface Water Flow W
® C(ities .

Evapotranspiration

100 10 20 Miles
e = s = |

TWIN FALLS , ,
Diversion

Figure 2. Flow in the Snake River is strongly affected by irrigation diversions
and by inflow from springs (after Kjelstrom, 1986)
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Evaluation Criteria
e System Reliability (97% threshold)

S Where, a =System reliability (probability), T= Total outputs
? (success and failure), S= the set of all satisfactory outputs

o =

e System Vulnerability (magnitude)

,B: E S.@. Where, B=Vulnerability indicator, s= the most unsatisfactory

é 1) (severe impacts) among failures, e=probability of S in failure
JeF set

e System Resiliency (Back to normal) ’

¢ . . n Where, ¢=probability of
_ 7 Srss el - system recovery
V= a= system reliability — I I m ZW'I W, =1 when random event X,
(04 n—oo t=1 is failure and X, is sucess;
otherwise W, =0 I
(Hashimoto et al., 1982;-Ryu-et al., 2009)
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. —Salmon Tract Agricultural System Model
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Salmon Tract Agricultural Systems Model Overview Download Model = Run Simulation

WATER CONSERVATION
Water Conservation has been accomplished thru three main methods, water supply
forecasts, improvements in delivery effeciency (canal lining & piping laterals), and on-

Salmon Tract Agricultural Systems Model: farm migafien effeciency improvements.
a story of water conservation April Supply Forecast Meeting, since 1955

A History of the Tract o ks
Salmon Tract e .

[«]

Author:

e = Fitmerd by
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Mapping Gridded Drought Indicators Using
Outcomes from GCMs
(Long-term drought predictions)
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. CNRM:CM3
. CONS:ECHO-G
. CSIRO:MK3

. GFDL:CM2

(IPCC, 2008)
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AlB A2 B1

=
;it; Models # of Ensemble # of Ensemble # of Ensemble
8- BCCR-BCM2 1 1 1
= CCCMA-CGCM3.1 1...5 1...5 1...5
g CNRM-CM3 1 1 1
=3 CSIRO-MK3 1 1 1
(;95 GFDL-CM2 1 1 1
§ GFDL-CM2.1 1 1 1
§ GISS-ER 2.4 1 1
S INM-CM3 1 1 1
|8 [PSL-CMA4 1 1 1
§, MIROC3.2 1.3 1.3 1.3
;8’ MIUB-ECHO-G 1.3 1.3 1.3
E. ECHAMS/MPI-OM 1..3 1..3 1..3
g. MRI-CGCM2.3.2 1...5 1...5 1...5
g NCAR CCSM3 1...3,5...7 1...4 1...7
- NCAR PCM 1...4 1...4 2.3
UKMO HADCMS3.1 1 1 1

Total # of Ensemble 39 36 37




Spatial Resolution:

* North America Land Data Assimilation
Domain (Monthly), Western States (Daily)

TR « Contiguous US + S. Canada + N. Mexico

ij DSl (25.125N — 52.875N, -124.625E - -67.000E)
Ni

P » 1/8 grid si ~ 12k 12 k
Growing Seasor size (= 12 kmx 12 km)

Temporal Scale:
e Periods: 1950-2099
« Time step: Monthly (Daily)

Wet Years (1986, 1993)

Normal Years (1988, 1999)

Drought Years (1987, 1992)

ldaho Droughts of the past



3-month SPI through

the end of March 1986 Wet Years (1986)
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3-month SPI through
the end of April 1993

0
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-0.99 to +0 89 (Near Normal)
-1.00 to -1.48 (Moderately Dry)
-1.50 to -1.98 (Very Dry)

B -2.02nd below (Extremely Dry)
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‘ Normal Years Normal Years Normal Years Normal Years Normal Years Normal Years Normal Years Norm ‘
e

3-month SPI through
the end of February 1988

o
e
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+1.50 to +1.99 (Very Wet)

+1.0 10 +1.49 (Mode ately Wet)
-0.39 to +0 839 (Near Normal)
-1.00 to -1.49% (Moderately Dry)
-1.50 to -1.99 (Very Dry)

-2.0 and below (Extremely Dry)
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‘ Normal Years Normal Years Normal Years Normal Years Normal Years Normal Years Normal Years Norm ‘

3-month SPI through
the end of February 1999

|

Copyright @ 2012 NationaND roug ht Mitigation Center

- +2.0 and above (Extremel\Wet)
|:| +1.50 to +1.33 (Very Wet)

[] +1.010 +1.43 (Moderately Wet)
[[] -0.99 to +0.99 (Near Normal)
|:| -1.00 to -1.49% (Moderately Dry)
[] -1-50 to -1.99 (Very Dry)

B -2.02nd below (Extremely Dry)
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46 5N
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455N
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Normal Years (1999)
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3-month SPI through
the end of February 1999
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‘ Drought Years Drought Years Drought Years Drought Years Drought Years Dro%\Y_ears Drought Years

3-month SPI through
the end of February 1987

Copynight @ 2012 NationaND roug ht Mitigation Center

+2.0 and above (Extremel\Wet)
+1.50 to +1.99 (Very Wet)

+1.0 10 +1.49% (Mode ately Wet)
-0.99 to +0 89 (Near Normal)
-1.00 to -1.48 (Moderately Dry)
-1.50 to -1.98 (Very Dry)

-2.0 and below (Extremely Dry)
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‘ Drought Years Drought Years Drought Years Drought Years Drought Years Drought Years Drought Years

3-month SPI through
the end of February 1992

[l +20andabove (Extremel\Wet)
[0 +1-50 to +1.99 (Very Wet)
[] +1.010+1.43 (Moderately Wet)
[[] -0.99 to +0.99 (Near Normal)
[[] -1.00 to-1.49 (Moderately Dry)
[] -1-50 to -1.99 (Very Dry)

B -2.02nd below (Extremely Dry)
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Drought Years (1992)

« NOAA/COOP
« PRISM (Daly et al., 1994, 1997)
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Palmer Drought Severity Index (PDSI)
July, 1986

.q‘n””‘tm of "d'#

National Climate DataCenter, NOAA 4551

extreme severe moderate mid- modeately very extremely
drought drought drought range  moi? moist  moist 45N
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and and and and and
below -3.99 -2.99 +1.99 +2.99
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Palmer Drought Severity Index (PDSI)
July, 1999
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Palmer Drought Severity Index (PDSI)
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Palmer Hydrological Drought Index (PHDI) Drought Years (1987)
November, 1986

Palmer Hydrologic Drought Index (PHDI)
' From VIC model
Water Year 1987 (Oct-Dec 1986)
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Palmer Hydrological Drought Index (PHDI) Drought Years (1992)
November, 1991
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From VIC Model
Water Year 1992 (Oct-Dec 1991)
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Future Droughts (2020, 2025, 2030)
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Historic Drought

SPI PDSI

HDI

1-month (short-term)
3-month (mid-term)
6-month (mid-term)

3-month window
6-month window
12-month window

12-month (long-term)

Future

MODELS
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BCCR:BCM2
CCCMA:CGCM_1-T63
CNRM:CM3
CSIRO:MK3
GFDL:CM2
GFDL:CM2_1
GISS-ER

INM:CM3
IPSL:CM4
NIES:MIROC3_2-HI
MIUB-ECHO-G
MPIM: ECHAMS5
MRI:CGM2_3 2
NCAR:CCSM3
NCAR:PCM
UKMO:HADCM3

Drought
Scenarios | | ENS
AlB
A2 3 (~2.5)
Bl

[4 (SPI) + 1 (PDSI) + (3 HDI)] * 50 years (1950-1999) * 12 months (Jan — Dec)
= 4,800 maps for historic drought

4,800 maps * 16 models * 3 scenarios * 3 ensembles = 691,200 maps for future drought
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o INSTRUCTION

Pl&ase choose which you like. The Standardized Precipitation Index (SPI), Palmer Drought
Severity Index (PDSI), and Streamflow Drought Index (SDI) are available from 1950 to present,
and beyond.
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Thank you!

Jae Ryu

jryu@uidaho.edu

Universityorldaho
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