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Reservoir Concept 

 Q0 = K0 .(S1-L). A 

 Q1 = K1 . S1 . A 

 Q2 = K2 . S2 . A 

 K0 > K1 > K2 



Runoff Response 

=MAX(0,K31-$F$9)*$F$8+K31*$F$10+L31*$F$11 

K0 (S1-L) K1 (S1) K2 (S2) 



Runoff Response 



Validation Criteria 

Root Mean Square  
Error 

Ideal RMSE= 0 

Bias 

Ideal Bias= 1 



Validation Criteria 

Correlation Coefficient 

Ideal Rp= 1 

Rp= -1 Negatively correlated 

Rp= 0 Not correlated 

Rp= 1 Correlated 

Nash-Sutcliff Coefficient 

Ideal RNS= 1 

Negative RNS means that the mean 
of observations is a better 
predictor than the model. 



Error (%) of total runoff 



Nash-Sutcliff Coefficient 

=(O32-N32)^2 



Nash-Sutcliff Coefficient 

=(O32-N32)^2 

=(O32-$F$23)^2 
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Error Sources 

Error in Initial 
Conditions 

• Error in the initial 
values of soil 
moisture, snow, 
field capacity, 
permanent 
wilting point 

Error in Model 
Processes 

• Unrealistic model 
assumptions 

• Unrepresentative 
conceptual 
description of the 
system 

Error in 
Observations 

• Error in input 
data (e.g., 
precipitation, 
temperature, etc.) 

• Error in observed 
discharge 

Error in Model 
Parameterization 

• Inability to obtain 
the optimal set of 
parameters. 

• Deficiencies in 
parameter 
estimation 
scheme 
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Parameter Estimation 



Parameter Estimation 

After Calibration 



Parameter Sensitivity 
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Initial Condition Error 



Initial Condition Error 

Sensitive dependence on initial conditions 

Butterfly Effect 

small variations in the initial condition of a dynamic model may lead to 
large differences in the behavior of the system. 



Initial Condition Error 

Butterfly Effect 

Edward N. Lorenz 

1917-2008 

 
Meteorologist 
Massachusetts Institute of Technology 
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Error in Model Processes 
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Error in Observations 



Example Applications of the Model 

1- Run the model with different GCM 
outputs 
 
2- Analyze data using the Extreme 
Value Theory 



Model Uncertainty – Ensemble Simulation 
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HBV-EDU 



HBV-EDU 

Source Code: 

http://amir.eng.uci.edu/software.html 
 

Executable Version: 

http://amir.eng.uci.edu/education.html 

http://amir.eng.uci.edu/software.html
http://amir.eng.uci.edu/software.html
http://amir.eng.uci.edu/software.html
http://amir.eng.uci.edu/education.html


HBV-EDU 

Model Parameters 



HBV-EDU 

Model Parameters 
Initial Values 
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HBV-EDU 



HBV-EDU 



HBV-EDU  (Version 3) 



Alfred Wegener (1880 – 1930) 
Famous hydrologist, meteorologist and interdisciplinary 
scientist Alfred Wegener was born in Berlin, Germany in 
November of 1880 He created the first balloons that were used 
to track weather and air masses. In order to better study the 
circulation of polar air, Wegener was part of several 
expeditions that went to Greenland. He and a companion went 
missing in November of 1930 on a Greenland expedition. 
Wegener’s body was not found until May of 1931 (Sources: 
wikipedia.org & about.com). 

Wegener (left) and Villumsen 
(right) in Greenland; Nov 1st, 1930. 

Vehicles used by the 1930 expedition 

“…Wegener and Villumsen took 
two dog sleds and made for 
West camp. They took no food 
for the dogs and killed them to 
feed the rest until they could 
only run one sled. They never 
reached the camp.” 



GIDMaPS: Global Integrated 

Drought Monitoring and 

Prediction System 



Multi-Index Drought Monitoring 

Different drought indices based on different climate variables (e.g., Precipitation, soil 
moisture): 
 
• Standardized Precipitation Index (SPI) 

• Standardized Soil Moisture Index (SSI) 

• Standardized runoff Index (SRI) 

• Palmer Drought Severity Index (PDSI) 
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Multi-Index Drought Monitoring 

SPI 2007-1

-120 -100 -80

30

35

40

45

SSI 2007-1

-120 -100 -80

30

35

40

45

MSDI 2007-1

-120 -100 -80

30

35

40

45

SPI 2007-2

-120 -100 -80

30

35

40

45

SSI 2007-2

-120 -100 -80

30

35

40

45

MSDI 2007-2

-120 -100 -80

30

35

40

45

SPI 2007-3

-120 -100 -80

30

35

40

45

SSI 2007-3

-120 -100 -80

30

35

40

45

MSDI 2007-3

-120 -100 -80

30

35

40

45

SPI 2007-4

-120 -100 -80

30

35

40

45

SSI 2007-4

-120 -100 -80

30

35

40

45

MSDI 2007-4

-120 -100 -80

30

35

40

45

1-Month SPI and SSI Derived Using 
NASA MERRA-LAND Precipitation 
and soil moisture Data. 
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1-Month SPI and SSI Derived Using 
NASA MERRA-LAND Precipitation 
and soil moisture Data. 



http://drought.eng.uci.edu/ 

GIDMaPS: Global Integrated Drought Monitoring and Prediction System 



Input Data Set ID Source Resolution 

NASA Modern-Era Retrospective analysis for Research and Applications – 

Reichle et al., 2011 -  Precipitation and Soil Moisture 
MERRA NASA 2/3°x 1/2° 

North American Land Data Assimilation System - Kumar et al., 2006 - 

Precipitation and Soil Moisture 
NLDAS NASA 0.125 o 

Global Drought Climate Data Record - AghaKouchak and Nakhjiri, 2012 – 

Precipitation – combines  real-time PERSIANN satellite data (Sorooshian 

et al., 2000; Hsu et al., 1997) with long-term GPCP (Adler et al., 2001) 

observations. 

GDCDR UCI 0.5o 

Global Land Data Assimilation System (GLDAS)  - Peters-Lidard et al., 

2007 - Precipitation and Soil Moisture 
GLDAS NASA 1o 

Drought Indicator ID Reference 

Standardized Precipitation Index  SPI McKee et al., 1993 

Standardized Soil Moisture Index SSI Hao and AghaKouchak, 2013a 

Multivariate Standardized Drought Index MSDI Hao and AghaKouchak, 2013a,b 

GIDMaPS: Global Integrated Drought Monitoring and Prediction System 



http://drought.eng.uci.edu/index.html 

GIDMaPS: Global Integrated Drought Monitoring and Prediction System 



http://drought.eng.uci.edu/index.html 

Summer 2012 Drought 

GIDMaPS: Global Integrated Drought Monitoring and Prediction System 



http://drought.eng.uci.edu/ 

2010, SPI, GDCDR  (PERSIANN combined with GPCP) 

GIDMaPS: Global Integrated Drought Monitoring and Prediction System 



http://drought.eng.uci.edu/ 

2010, SPI, GDCDR 

2010 Amazon Drought 2010 Horn of Africa Drought 

2010 Russian Drought 

GIDMaPS: Global Integrated Drought Monitoring and Prediction System 
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Prediction component is based 
on a drought persistence  
model which requires historical 
observations. The seasonal 
drought prediction component 
is based on two input data sets 
(MERRA and NLDAS) and three 
drought indicators (SPI, SSI and 
MSDI). 
 
Ai+1(1)= Si-4+ Si-3+ Si-2 +Si-1+ 
Si +S(1)i+1      
Ai+1(2)= Si-4+ Si-3+ Si-2 +Si-1+ 
Si +S(2)i+1 
...... 
Ai+1(m)= Si-4+ Si-3+ Si-2 +Si-1+ 
Si +S(m)i+1  

GIDMaPS: Global Integrated Drought Monitoring and Prediction System 



March 2013 

GIDMaPS: Global Integrated Drought Monitoring and Prediction System 



March 31, 2013 

The probability values of the drought prediction component are converted to a 
3-catergory drought likelihood measure: 
(a) drought likely to persist (≥70% probability)  
(b) drought very likely to persist (≥90% probability)  
(a) drought extremely likely to persist (≥95% probability)  

GIDMaPS: Global Integrated Drought Monitoring and Prediction System 



Validation Toolbox: 
Evaluation of Climate and Remote 

Sensing Data 



Validation Toolbox 

Performance Metrics for 
Evaluation of Remote 
Sensing Observations and 
Climate Model Simulations: 
A simple and easy to use 
Validation Toolbox (MATLAB 
source code) that can be 
used for validation of 
gridded data including 
satellite observations, 
reanalysis data, and weather 
and climate model 
simulations. In addition to 
the commonly used 
categorical indices, the 
toolbox includes the 
Volumetric Hit Index (VHI), 
Volumetric False Alarm 
Ration (VFAR), Volumetric 
Missed Index (VMI), and 
Volumetric Critical Success 
Index (VCSI). 

http://amir.eng.uci.edu/downloads/ValidationToolbox.zip 


