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CLimate Information toolKit (CLIK)



Case Studies: 
Seasonal forecasting



Using constructed analogs to improve the 
skill of National Multi-Model Ensemble 

March-April-May precipitation forecasts in 
equatorial East Africa

S. Shukla/ C. Funk /A. Hoell



Study area and Data

National Multi-Model 
Ensemble (NMME)
 6 GCM models at         

1 degree resolution
 International Research 

Institute (IRI)
 Applying CA



Precipitation

GPCP (Global Precipitation Climatology Project, Adler et al., 2003)



Surface Sea Temperature (SST)



Ranked probability skill score



Ranked Probability Score (RPS)

= (0.67-1)2+(0.9-1)2

= (0.17-1)2+(0.62-1)2

= (0.23-0.333)2+(0.55-1.0)2



Case Studies: 
Water resources management



Vulnerability of Infrastructures 
to Climate Change in City of 

London, Ontario



London, Canada



Procedure for assessment of climate change

Input Climate Scenarios 
K-NN Weather Generator
Temperature, Precipitation

Rainfall-runoff transformation
Hydrologic Model

Floodplain mapping
Hydraulic Model

Analysis of Change in Climate Variables
Temperature, Timing, Duration, Shifts, Precipitation

Infrastructure Risk 
Assessment due to 
Change in Climate 

Variables

Infrastructure Flood 
Risk due to Climate 

Change

Risk Assessment 

Flood frequency analysis



Climate signal from a  GCM (CCSRNIES B21)



K-NN WG



Hydrologic model

 Input data
 Hourly data from a temporal disaggregation 

technique
• Method of fragment (Svanidze, 1977)

HEC-HMS



Frequency analysis



Flooding map



Assessment of variability in 
water availability under 

climate change



Alberta oil sands

OIL SANDS LOCATION, ALBERTA, CANADA

Bowman, C.W., 2008



Bitumen

Naturally Rich 
Bitumen Land

scapes

M. Conly



Athabasca River Basin

Various topographic and physical characteristics

DEM

Soil Type

Land Cover (2000)



Climate data (1)

Trevor et al. (2013)

Trevor et al. (2013)

Statistical downscaling
 PCIC (http://www.pacificclimate.org)
 Over Canada with 10 km resolution

http://www.pacificclimate.org/


Climate data (2)

Model
Abbreviation Modelling Center

RCP/
Statistical downscaling method

(SDMs)
Primary reference

CNRM-CM5.1
Centre National de Recherches 

Meteorologiques and Cerfacs

RCP4.5& RCP8.5/

BCCI & BCSD

Voldoire et al. (2013)

CanESM2 Canadian Centre for Climate Modelling 

and Analysis
Arora et al. (2011)

ACCESS1
Centre for Australian Weather and Climate 

Research
Marsland et al. (2013)

INMCM4
Institute of Numerical Mathematics of the 

Russian Academy of Sciences
Volodin et al. (2010)

CSIRO-Mk3.6.0
Commonwealth Scientific and Industrial 

Research Organisation Jeffrey et al. (2013)

CCSM4
National Center for Atmospheric Research 

(NCAR)
Gent et al. (2011)

CMIP5
 6 GCMs x 2 SDMs x 2 RCPs = 24 scenarios 



Indicators of Hydrologic Alterations (IHAs)

Hydrologic regime 

component
WRIs and IHAs No

Examples of hydrologic in

fluence

Examples of ecological 

influence

Magnitude and 

timing

Water resources indicators (WRIs)

Annual volume (m3), center of timing 

of annual flow (water year), median 

seasonal flow

6

Annual water balance, 

magnitude and timing of 

seasonal conditions

Availability and suitability 

of habitat for aquatic 

organisms

Magnitude and 

duration

Annual mean 1-day minimum and 

maximum (m3/s)
2

Magnitude of annual flood 

and drought conditions

Duration of stressful 

conditions

Timing
Day of each annual 1-day minimum an

d maximum
2

Timing of annual flood and 

drought conditions

Spawning cues for fish; 

compatibility with life 

cycles of organisms

Magnitude and 

timing

Timing and amount of spring freshet 

initiation
2

Timing and magnitude of 

rapid melting
-

Total 12



Seasonal changes in PPT & TEM 

Difference from the reference period (1981-2010) 
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Hydrologic model

 Variable Infiltration Capacity (VIC)
 1/16 (~7km) spatial resolution

 DEM
 Canadian Digital Elevation Data (CDED)

• 3 arc second (≈ 90 m ) spatial resolution
 Land cover
 1 km resolution – circa 2000 (Earth Observation for 

Sustainable Development, EOSD)
Monthly Leaf Area Index (LAI)
 Canada-wide 1-km 10-day SPOT 4 2000 LAI

 Soil parameters – 3 layers
 Soil Landscapes of Canada (SLC) version 3.2



Hydrologic alteration factor (HAF)

HAF
 (Projected frequency - Reference frequency) / 

Reference frequency
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Optimal operating policies 
under the uncertainty in 

streamflow



Model link

Historical or 
forecasted 

Rainfall 
Scenarios

Rainfall-
runoff 
Model

Initial state

… … Ensemble 
streamflow
scenariosEnsemble 

Streamflow
Prediction 

(ESP) System

Off-line
Historical 

Streamflow 
Scenarios

SSDP/Hist…

FVF

Optimal
Policy

Ensemble 
Streamflow 
Scenarios

SSDP/ESP… Optimal
Policy

On-line

Optimal 
reservoir 
operation 
policies



Optimization model

SSDP

Combining SSDP with the hedging rule
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Three ESPs



Impacts of ESP accuracy on reservoir operation



Reservoir operation results



Regional applications with 
seasonal forecasts

APEC Climate Center (APCC)



Bicol Rice Disease (BiRD) Project -Dr. KH Kim
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Application of rice disease models for seasonal 
rice pest outlook in the Bicol region



APN Project “Toward a Fire and Haze Early 
Warning System for Southeast Asia”- Dr. JP Cho

• Multi-National Projects with Indonesia, 
Malaysia, Korea, Singapore, Japan, USA

• Fire and haze early warning system for 
the region in Indonesia, Malaysia and 
Singapore by using seasonal forecasts to 
predict the drought conditions that 
trigger forest fires



Drought index forecasting (Dr. JY Lee)

Drought forecasting driven by remote sensing 
and long-range forecast data for ungauged areas 
using machine learning algorithms
 SPI & SPEI

SPI6

SPEI6



Summary

 Seasonal forecasting
 Constructed Analogs

Water resources management under climate change
 Flooding map 
 Hydrologic projections in Alberta, Canada

Applications of seasonal forecastings
 Reservoir operations
 Agricultural project – Rice pest model
 Fire early warning system
 Drought forecasting
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