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Presentation Outline 

• Research at the previous institution 

• Current and future research, and 
beyond to deal with Idaho water 
issues 



 



Research Experiences, NDMC  

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

• Seasonal capability for US Drought 
Monitoring (NASA) 

• US Drought Atlas Project (USDA) 
• Distributed Model Intercomparision Project 

(DMIP)  
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• ArcIMS (ESRI): Commercial, cost, server 
license 

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

• MapServer (UMN): Open source, free of 
charge, GNU License 

Web-GIS Visualization 



Current Research: 



http://rainier.unl.edu/atlas 
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Distributed Model Intercomparison Project (DMIP) 



4 km x 4 km 
Hourly 

Journal of Hydrologic Engineering, 14(8), 847-857, ASCE, 2009 
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Climate change impacts 



• Federal 
– U.S. Bureau Reclamation (USBR) 
– U.S. Geological Survey (USGS) 
– U.S. Army Corps of Engineers (USACE) 
– Natural Resources Conservation Service (NRCS-USDA) 

• State 
– Idaho Department of Water Resources (IDWR) 
– Idaho Department of Environmental Quality (IDEQ)  
– Idaho Fish and Game Commission (IFGC) 
 

• Private 
– Idaho Power (IP) 
– Irrigation Districts (IDS) 
– Agricultural Producers (APS) 
– Aquaculture Industries (AI) 
– Surface/Groundwater Irrigators (SGI) 



ESPAM (MODFLOW-Groundwater Model) 

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

GIS-Based Accounting Model (IDWR) 

GFLOW (Conceptual Groundwater Model) 

GAMS (General Algebraic Modeling System) 

VIC (Vegetation Infiltration Capacity Model) 

Policy-Driven Decision Making 
Adaptive Management Options 

Water Dispute Resolution 
Sustainable Water Resources Planning and Management 



Policy-Driven Decision Making 
Adaptive Management Options 

Water Dispute Resolution 
Sustainable Water Resources Planning and Management 

System Dynamics 



Figure 2. Flow in the Snake River is strongly affected by irrigation diversions 
and by inflow from springs (after Kjelstrom, 1986) 





Evaluation Criteria 
• System Reliability (97% threshold)  

• System Vulnerability (magnitude) 

• System Resiliency (Back to normal) 
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Where, ϕ=probability of 
system recovery 
Wt =1 when random event Xt 
is failure and Xt+1 is sucess; 
otherwise Wt =0  

(Hashimoto et al., 1982; Ryu et al., 2009) 



Planning Horizon (2100) 



Salmon Tract Agricultural System Model 



Salmon Tract Agricultural System Model 



Mapping Gridded Drought Indicators Using 
Outcomes from GCMs 

(Long-term drought predictions) 



Long-term (IPCC, 2008) 

9. GFDL:CM2_1 
10.INM:CM3 
11.IPSL:CM4 
12.LASG:FGOALS-

G1_0  
13.MPIM:ECHAM5 
14.MRI:CGM2_3_2 
15.NSSA:GISS-AOM 
16.NASA:GISS-EH 

1. BCC:CM1  
2. BCCR:BCM2  
3. CCCMA:CGCM_1-

T47 
4. CCCMA:CGCM_1-

T63 
5. CNRM:CM3 
6. CONS:ECHO-G 
7. CSIRO:MK3 
8. GFDL:CM2 

17.NASA:GISS-ER 
18.NCAR:CCSM3 
19.NCAR:PCM 
20.NIES:MIROC3_2-

HI 
21.NIES:MIROC3_2-

MED 
22.UKMO:HADCM3 
23.UKMO:HADGEM1 



http://gdo-dcp.ucllnl.org/dow
nscaled_cm

ip3_projections/ 



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

Spatial Resolution: 
• North America Land Data Assimilation 

Domain (Monthly), Western States (Daily) 
• Contiguous US + S. Canada + N. Mexico 

(25.125N – 52.875N, -124.625E - -67.000E) 
• 1/8 grid size (~ 12 km x 12 km) 

 
 

Idaho Droughts of the past 

Wet Years (1986, 1993) 

Normal Years (1988, 1999) 

Drought Years (1987, 1992) 

3-M SPI  
Winter 

PDSI  
Growing Season 

HDI 
Water Year 



Wet Years (1986) 

• NOAA/COOP 
• PRISM (Daly et al., 1994, 1997) 

• NOAA/COOP 
• Lumped value at CD 

3-month SPI through 
 the end of March 1986 

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

• NOAA/COOP 
• PRISM (Daly et al., 1994, 1997) 

3-month SPI through 
 the end of April 1993 

3-month SPI through 
 the end of April 1993 
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Normal Years (1988) 

• NOAA/COOP 
• PRISM (Daly et al., 1994, 1997) 

3-month SPI through 
 the end of February 1988 

3-month SPI through 
 the end of February 1988 
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Normal Years (1999) 

• NOAA/COOP 
• PRISM (Daly et al., 1994, 1997) 

3-month SPI through 
 the end of February 1999 

3-month SPI through 
 the end of February 1999 
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Drought Years (1987) 

• NOAA/COOP 
• PRISM (Daly et al., 1994, 1997) 

3-month SPI through 
 the end of February 1987 

3-month SPI through 
 the end of February 1987 
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Drought Years (1992) 

• NOAA/COOP 
• PRISM (Daly et al., 1994, 1997) 

3-month SPI through 
 the end of February 1992 

3-month SPI through 
 the end of February 1992 
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Wet Years (1986) 

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

Self Calibrated-PDSI (SC-PDSI) 
July 1986 
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Wet Years (1993) 

• NOAA/COOP 
• PRISM (Daly et al., 1994, 1997) 

Palmer Drought Severity Index (PDSI) 
July, 1993 
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• NOAA/COOP 
• PRISM (Daly et al., 1994, 1997) 

Palmer Drought Severity Index (PDSI) 
July, 1988 
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Normal Years (1988) 



• NOAA/COOP 
• PRISM (Daly et al., 1994, 1997) 

Palmer Drought Severity Index (PDSI) 
July, 1999 
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Normal Years (1999) 



• NOAA/COOP 
• PRISM (Daly et al., 1994, 1997) 

Palmer Drought Severity Index (PDSI) 
July, 1987 
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Drought Years (1987) 



• NOAA/COOP 
• PRISM (Daly et al., 1994, 1997) 

Palmer Drought Severity Index (PDSI) 
July, 1992 

4 

3 

-4 

2 

-2 

-3 

National Climate Data Center, NOAA 

-4.00 
and 

below 

-3.00 
and 
-3.99 

-2.00 
and 
-2.99 

-1.99 
and 

+1.99 

+2.00 
and 

+2.99 

+3.00 
and 

+3.99 

+4.00 
and 

above 

extreme 
drought 

severe 
drought 

moderate 
drought 

mid- 
range 

moderately 
moist 

very 
moist 

extremely 
moist 

Self Calibrated-PDSI (SC-PDSI) 
July 1992 

Dr
ou

gh
t Y

ea
rs

  D
ro

ug
ht

 Y
ea

rs
 D

ro
ug

ht
 Y

ea
rs

  D
ro

ug
ht

 Y
ea

rs
  D

ro
ug

ht
 Y

ea
rs

 D
ro

ug
ht

 Y
ea

rs
  D

ro
ug

ht
 Y

ea
rs

   

Drought Years (1992) 



Palmer Hydrological Drought Index (PHDI) 
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Water Year 1987 (Oct-Dec 1986) 
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Drought Years (1987) 

SREA1B.GISS.Model.E.R.4 

SREA1B.NCAR.CCSM3.0.1 



Palmer Hydrological Drought Index (PHDI) 
November, 1991 

National Climate Data Center, NOAA 

-4.00 
and 

below 

-3.00 
and 
-3.99 

-2.00 
and 
-2.99 

-1.99 
and 

+1.99 

+2.00 
and 

+2.99 

+3.00 
and 

+3.99 

+4.00 
and 

above 

extreme 
drought 

severe 
drought 

moderate 
drought 

mid- 
range 

moderately 
moist 

very 
moist 

extremely 
moist 

Palmer Hydrologic Drought Index (PHDI) 
From VIC Model 

Water Year 1992 (Oct-Dec 1991) 
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Drought Years  Drought Years Drought Years  Drought Years  Drought Years Drought Years  Drought Years Drought Years Drought Years Drought    

Future Droughts (2020, 2025, 2030) 
SREA1B.GISS.Model.E.R.4 

PHDI 
Water Year 2020  
(Oct-Dec 2019) 

SREA1B.NCAR.CCSM3.0.1 

PHDI 
Water Year 2025  
(Oct-Dec 2024) 

PHDI 
Water Year 2030  
(Oct-Dec 2029) 

PHDI 
Water Year 2025  
(Oct-Dec 2024) 

PHDI 
Water Year 2020  
(Oct-Dec 2019) 

PHDI 
Water Year 2030  
(Oct-Dec 2029) 



Historic Drought 

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

SPI PDSI 

Future Drought 

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

MODELS Scenarios 

  A1B 
A2 
B1 

ENS 

3 (~2.5) 

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

8. INM:CM3 
9. IPSL:CM4 
10. NIES:MIROC3_2-HI 
11. MIUB-ECHO-G 
12. MPIM:ECHAM5 
13. MRI:CGM2_3_2 
14. NCAR:CCSM3 
15. NCAR:PCM 
16. UKMO:HADCM3 

1. BCCR:BCM2  
2. CCCMA:CGCM_1-T63 
3. CNRM:CM3 
4. CSIRO:MK3 
5. GFDL:CM2 
6. GFDL:CM2_1 
7. GISS-ER 

HDI 

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





Thank you! 

Jae Ryu 
jryu@uidaho.edu 
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