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Reservoir Concept
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Reservoir Concept
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Runoff Response

— o)

— Q)

Q = Qo +Q1 ""Qz

- J

4 )
=MAX(0,K31-SFS9)*SFS8+K31*SFS10+L31*SFS11

— ()
L K, (S,-L) K, (S,) K (S) ) \_ -
Temp. Preci. Snow Liquid Water |Soil Moisture | DQ (mm/day) | Potential E, S1 Ss Total Q (Q)) Q{msfs) Q{m3,f5}
(C) (mm) (mm) OR P E. (PE,) | (mm/day) s Simulations |Observations
25 100.0 2.000 200.000
-15 04 254 0 998 0.000 0.161 0.153 1291 199 644 4.600 45
-0.8 10.5 359 0 997 0.000 0.164 0.156 0.833 199.133 4303 11
-28 09 368 0 995 0.000 0.155 0.147 0.538 198 521 4.106 6.6
-37 44 412 0 99 4 0.000 0.150 0.142 0347 197 847 3973 5
-6.1 0.6 418 0 99.3 0.000 0.139 0.131 0.224 197.133 3.883 4.1
-3 0 418 0 99.1 0.000 0.154 0.145 0.145 196.394 3.819 35
-0.7 44 46.2 0 99.0 0.000 0.165 0.155 0.093 195.640 3.772 32
18 31 408 g5 107.0 0.336 0177 0.167 0396 194 879 3948 32
0.6 17 39 35 110.1 0211 0.171 0.171 0.467 194187 3979 5
18 36 336 9 1183 0.633 0.177 0.177 0934 193.514 4259 79




Runoff Response
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Validation Criteria

~N

Z?:1(Qs o Qo)2

n

Error

Root Mean Square
RMSE = \/

Q.=simulated discharge

Ideal RMSE= 0 Q,=observed discharge

\_ v
4 A

n 1 Q
Bias Bias = =—=°
Z?:l Qo

Q.=simulated discharge

Ideal Bias=1 Q,=observed discharge

- J




Validation Criteria

4 A

. . 0 -0)-Y(0-0))

Correlation Coefficient R, =—= =

n ; _ 5 n ; _ 5

Ideal R = 1 \/Z (2,0, -\/Z(Qs -0)

i-1 i-1
»= -1 Negatively correlated where:

Rp= 0 Not correlated Rp Pearson correlation coefficient | -]
Qp: 1 Correlated O, mean simulated discharge [L°T™] /
/ 2.0 -0, \

Nash-Sutcliff Coefficient Ry =1-5—

2.0, -0,
ldeal l2N5= 1 where: -
Ry Nash-Sutcliffe coefficient [-]
. O simulated discharge [L'T™]
Negative R, means that the mean , N
of observations is a better e observed discharge L1
predictor than the model 0, mean observed discharge [L°T™]

\ n number of time steps /
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Nash-Sutcliff Coefficient

>0 -0y =(032-N32)"2 |

Ryg=1- ? o
2.0 -0)

where:
Rys Nash-Sutcliffe coefficient [-]
: - 31
0, simulated discharge [L™T7]
: 31

O, observed discharge [L™T7]

3 - 31

0, mean observed discharge [[L7T]

n number of time steps
29 Month Temp. Preci. Snow Liguid Water | Soil Moisture | DQ (mm/day) | P ial E, S S, Total Q (Q) Q(msfs) Q(msfs) (Q_Q'j')2 (Q_Qm)2
30 D (©) (mm) (mm) OR P E. (PE,) | (mm/day) (mm/day) Simulations |Observations
Kyl 25 100.0 2.000 200.000 1.065
32 1 -1.5 0.4 254 0 99.8 0.000 0.161 0.153 1.291 199.644 0.969 4.600 43
Kk 1 -0.8 10.5 359 0 99.7 0.000 0.164 0.156 0.833 199.133 0.907 4303 11
34 1 -28 09 368 0 99.5 0.000 0.155 0.147 0538 198 521 0.865 4106 6.6
35 1 -3.7 44 412 0 994 0.000 0.150 0.142 0.347 197.847 0.837 3.973 5
36 1 -6.1 06 41.8 0 993 0.000 0.139 0.131 0.224 197.133 0818 3.883 41
w 1 -3 0 418 0 99.1 0.000 0.154 0.145 0.145 196.394 0.805 3.819 35
38 1 -0.7 4.4 462 0 99.0 0.000 0.165 0.155 0.093 195.640 0.795 3.772 32
39 1 1.8 31 40.8 g5 105.9 1413 0.177 0.167 1473 194.879 0974 4624 32
40 1 0.6 1.7 39 35 108.5 0.713 0.171 0.171 1.663 194.426 0.998 4.735 5
41 1 18 36 336 9 1154 1.971 0.177 0.177 3.045 194.018 1.179 5.595 79




Nash-Sutcliff Coefficient

>0~ [ =(032-N32)"2|
Ry =1—4=

200 =(032-$F$23)"2 |

where:
Rys Nash-Sutcliffe coefficient [-]
: - 31
0, simulated discharge [L™T7]
: 31

O, observed discharge [L™T7]

3 - 31

0, mean observed discharge [[L7T]

n number of time steps
29 Month Temp. Preci. Snow Liguid Water | Soil Moisture | DQ (mm/day) | P ial E, S S, Total Q (Q) Q(msfs) Q(msfs) (Q_Q'j')2 (Q_Qm)2
30 D (©) (mm) (mm) OR P E. (PE,) | (mm/day) (mm/day) Simulations |Observations
Kyl 25 100.0 2.000 200.000 1.065
32 1 -1.5 0.4 254 0 99.8 0.000 0.161 0.153 1.291 199.644 0.969 4.600 43
Kk 1 -0.8 10.5 359 0 99.7 0.000 0.164 0.156 0.833 199.133 0.907 4303 11
34 1 -28 09 368 0 99.5 0.000 0.155 0.147 0538 198 521 0.865 4106 6.6
35 1 -3.7 44 412 0 994 0.000 0.150 0.142 0.347 197.847 0.837 3.973 5
36 1 -6.1 06 41.8 0 993 0.000 0.139 0.131 0.224 197.133 0818 3.883 41
w 1 -3 0 418 0 99.1 0.000 0.154 0.145 0.145 196.394 0.805 3.819 35
38 1 -0.7 4.4 462 0 99.0 0.000 0.165 0.155 0.093 195.640 0.795 3.772 32
39 1 1.8 31 40.8 g5 105.9 1413 0.177 0.167 1473 194.879 0974 4624 32
40 1 0.6 1.7 39 35 108.5 0.713 0.171 0.171 1.663 194.426 0.998 4.735 5
41 1 18 36 336 9 1154 1 9?1 0.177 0.177 3.045 194.018 1.179 5 595 79
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21 142 115 3.833 Error (%) 5.821
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34 1/3/1991 1 -28 09 36.8 0
35 1/4/1991 1 -37 44 412 0
36 1/5/1991 1 -6.1 0.6 418 0
37 1/6/1991 1 -3 0 41 8 0
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Model Parameters
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Error Sources

Error in Initial Error in Model Error in Error in Model
Conditions Processes Observations Parameterization

e Error in the initial e Unrealistic model e Error in input e Inability to obtain
values of soil assumptions data (e.g., the optimal set of
moisture, snow, o Unrepresentative precipitation, parameters.
field capacity, conceptual temperature, etc.) e Deficiencies in
permanent description of the e Error in observed parameter
wilting point system discharge estimation

scheme



Error Sources

Error in Model
Parameterization

e Inability to obtain
the optimal set of

parameters.
 Deficiencies in
concepuat lf SPrEsTiE e

scheme

* BETA(B) e FC

e C e DD

° L e PWP

e KO ° Tt

° Kl

° K2

° errc




Parameter Estimation

J/ Harne Insert Page Layout Farmulas Data Rewigws Wiewy Acrobat
l E _Ij Da
S ||| %50
= o
: | .
o
Get External Data Connections Sort & Filter Data Toals Outline A
Fa1 - fe | =+2BS((F20-F19))*100/F20
A B [ 0] E F (5 H 4l L
¢ 2 Solver Pararmeters @ I
g Catchment Area (Km®) 410 K, (Reservior Par.) 0,10 —
Set Target Cell: 53 sl
9 T, (Threshold Temp.) 0 I, (Threshold W.L.) 6.00 e =
. Equal Ta Max @ Min Yalue of: 0 | Close |
10 DD 3 K; (Reservior Par.) 0.0% By Changing Cells: ===
12 BETA 1.0 ern: 0.07 Subject to the Constrainks: | Options |
13 C {Model param.) 0.0z PWEP 105.00 §FEL0 oo §FSIL — | =FHons |
14 $F$11 == 0.004
; J $F§12 »=0 | changs |
15 Monthly T, PE,., Daily PE_, Model Performance $FE1T <= $CH11 =Ll | p—— |
16 14 5 0.161 TOT. ETA. 4459 17 i S | [ peete ]
17 03 5 " 0179 TOT. PREC. 9887.30 T
18 2.6 20 0.645 TOT. DIS. (m.n"hrk.m:) 542813 20
19 6.3 a0 " 1687 SINL. DISCi{m'hr.kkm2) 2500067
20 10.9 95 2065 OBS. DISC(m'hr.kml) _ g, i
21 14.2 115 " 3833 Error (%) 32303 | -
22 16.4 125 4032 Squar diff. TYELEY )
73 15.6 100 3.226 Average Qg cem. 5.40
r 2 1 301 G0l Q0L 1201 1501
24 127 70 2,435 (-0, 17255878
5 83 30 0.268
26 2.9 10 " o0333 Correlation 021
e -0.4 3 0.161 Nash Sutchiff 0.60




7

g Catc
9 [Ty (T
10 DD
11 FC Q]
12 BET.
13 C (M

Parameter Estimation

After Calibration
FLeni e Wiewy Acrobat
TOT. ETA. 5646.97 = | a0
TOT. PREC. 9887.30 j = | 2,50
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Parameter Sensitivity




Parameter Sensitivity

3 == Degree Day Factor

W
(6]

- N N (9%
(4] o ol o
T T T
1 1 1 I

Simulated Runoff Error (%)
o

1 2 3 4 5 6 7 8 9 10
Beta () and Degree Day Factor(L 0 '1T'1)




Error in Initial
Conditions

e Errorin the initial
values of soil
moisture, snow,
field capacity,
permanent
wilting point

Error Sources

Initial Conditions

e Snow

e Soil Moisture
° Sl

° Sz




Initial Condition Error

Catchment Area {sz} 410 K (Reservior Par.) 0.13 140 -
T, (Threshold Temp.) 0 L; (Threshold W.L.) 6.00
DD 3 K; (Reservior Par.) 0.13 120 =0 (m3/s) Simulations
FC (Field Capacity) 180.0 K; (Reservior Par.) 0.00 ——Q(m3/s) Observations
BETA 5.0 Kpere 022 100 |
C (Model param.) 0.03 PWP 105.00
o B0 -
-14 5 . 0.161 TOT. ETA. 5736.08 ‘6.’ 60 -
-0.3 5 0.179 TOT. PREC. 9887.30
26 20 B} 0.645 TOT. DIS. (ln.l‘]lrklllz) 4151.22 0 4
6.3 50 1.667 SIM. DISC(m/br.km2)  4157.68 1.00001]
10.9 95 B} 3.065 OBS. DISC(m/hr.km2)  4157.63 20
142 115 3.833 Error (%) 0.001
16.4 125 4.032 Squar diff. 5240087
15.6 100 3.226 Average Qpsery. 540 0
4 . 1 301 601 901 1201 1501 1801 2101 2401 2701 3001 3301 3601
127 70 2333 (Q-Q.) 172559.78
83 30 0.968 Time (day)
29 10 " 0333 Correlation 0.84
-0.4 5 0.161 Nash Sutcliff 0.70
Date Month | Temp. Preci. Snow Liquid Water|Soil Moisture | DQ (mm/day) | Potential E, S S Total Q(Q) | Qm’is) Q (m’/s) QQT) | (QQm)’
D (C) (mm) (mm) ‘A‘ OR P E. (PE,) | (mm/day) {(mm/day) | Simulations |Observations
25 ‘ 100.0 ) 2.000 200.000 1065
1/1/1991 1 -1.5 04 254 0 W 0.000 0.161 0.153 1.291 199644 0.969 4.600 45 0.010 0.817
1/2/1991 1 -0.8 10.5 359 0 99.7 0.000 0.164 0.156 0.833 199.133 0.907 4303 11 44.850 31.317
1/3/1991 1 28 0.9 36.8 0 99.5 0.000 0.155 0.147 0.538 198.521 0.865 4.106 6.6 6.221 1.431
1/4/1991 1 -37 44 412 0 994 0.000 0.150 0.142 0347 197 847 0.837 3973 5 1.054 0.163
1/5/1991 1 -6.1 0.6 41.8 0 99.3 0.000 0.139 0.131 0.224 197.133 0.818 3.883 41 0.047 1.700




Initial Condition Error
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Initial Condition Error

Butterfly Effect

Sensitive dependence on initial conditions

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



Error Sources

Error in Model
Processes

e Unrealistic model
assumptions

e Unrepresentative
conceptual
description of the
system



Error in Model Processes

hydrogeclocical
aquifer structure single pores (fractures)

37 7 3 33 3
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Error Sources

Error in
Observations

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

e Error in observed
discharge



Temp. | Preci. |Q (m¥s)| Q (ms)
(©) (mm) Simulati (Observat
-1.5 04 46 45
-0.8 10.5 43 11.0
-28 0.9 41 6.6
-3.7 44 4.0 50
-6.1 0.6 39 4.1
-3.0 0.0 3.8 3.5
-0.7 44 3.8 3.2
1.8 3.1 4.0 3.2
0.6 1.7 40 50
18 36 44 79
12 24 46 119
1.5 0.0 47 10.4
1.1 0.0 47 10.4
-0.5 0.0 43 85
-32 13 41 6.8
-0.9 0.6 3.9 6.1
3.2 5.0 5.5 11.6
-1.5 20.7 48 225
-28 84 44 123
-51 1.5 41 g2
-29 24 39 73
-0.6 0.9 38 6.1
0.1 0.9 39 52
-0.8 12 3.8 45

Error in Observations

Model Performance

TOT. ETA.
TOT. PREC.

TOT. DIS. (m/hr.km”)

SIM. DISC(m/hr.km2)
OBS. DISC(m/hr.km2)
Error (%)

Squar diff.

Average Qpzar

(Q-Qw°

Correlation
Nash Sutchiff

5736.08
9887.30

4151.22

4157 .68

4157.63
0.001

52400.87

540

172559.78

0.84
0.70




Example Applications of the Model

1- Run the model with different GCM
outputs

Water Science and Technology Library

1 Amir AghaKouchak - David Easterling 2- Analyze data using the Extreme

( Kuolin Hsu - Siegfried Schubert Value Theory

| Soroosh Sorooshian _£ditofs

O

Extremesina |9
Changing Climate - [E®

0.2

Luxeuil Station

Detection, Analysis and Uncertainty

0.1l A
N |

-0.1

Extreme Value Index

-02

-03

-04

0 100 200 300 400




Model Uncertainty - Ensemble Simulation

O  Observation C  Simulation
16000 | | | | | | |
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Model Uncertainty

Model Uncertainty
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¥» Time
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Model Uncertainty

Model Uncertainty
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Model Uncertainty
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HBV-EDU
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HBV-EDU

Bl Hev EDu_vz
-Help

Coract

HEV-EDU Ver. 2

Aghaouchak & Emad Habib

Far guestions and permizions contact:
Dr. Amir Aghatiouchak (amir aduci acu)

QR Dr. Emad Habi (habibdouiziana sdu)
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Parameters Bounds
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180
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Source Code:
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: Optimization Crienia
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»

Cite this program as
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HEY-EDU is supported by the Mationsl Science Foundation (NSF) Course,
Cugriculum, and Laborabory Improvement (SCLID program under Avvard Mo,
DUE-0737073.

Model Performancs

Corredation

Grmse (Root Mean Square Error) =
Sedact Parameter o Flot

Nash Sutchff

Executable Version:

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

Load npu Files

Load Input Tamp. & Precip

Load Morthly Temp. & Evap.

Run

# of simulations ol



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

rn HEBV_EDU_V2

-Help
Coract

HEV-EDU Ver. 2
Aghekouchak & Emad Habib
Far guestions and permizions contact:

Model Parameters

Parameters

Bounds

| Bea |
[
[ ro |
|
K2 |
K

-Wialershed Area & Snow Mel Thr.—

Area 410

T4 1]

- Inilial b -

Sol Moisiure

Load npu Files

Load Input Tamp. & Precip

Inputt Dala Based on Monthly Chmsbological Data

Blarthby Temp Biarthihy PE Craily PE

Load Morthly Temp. & Evap.

_ Optimization Creeria

"~ Selact Parameter to Fict

= ,

»

Cite this program as
Aghaliouchsk A, Habib E., 2010, Application of & Conceptual Hydrologic
Iodel in Teaching Hydrologic Processes, International Journal of Brgineering
Eclucation, 26(4), 963-973.

Acknoviedgment

HEY-EDU is supported by the Mationsl Science Foundation (NSF) Course,
Cugriculum, and Laborabory Improvement (SCLID program under Avvard Mo,
DUE-0737073.

— Model Performance

= m Nash Sutcif

Grmse (Root Mean Square Error)

Sebact

Run

# of simulations 2
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Bl Hev EDu_vz = — =

Help =
Carfact —Walershed Area 8 Snow Mek Thr.— — Input Data Based on Monkhly Cimatological Dets — — CRe this program as

HEV-EDU Ver. 2 Aghakiouchsk A, Habib E., 2010, Application of & Conceptual Hydrologic

AghaHouchak & Emad Habib 410 Morthty Temp,  Monthly PE ity FE Itochel in Teaching Hydrologic Processes, Internationsl Journal of Engineering

Far guestions and permizions contact: Educstion, 26(4), 963-873.

Initial Values

- Inilial b -

Acknoviedgment
HEY-EDU is supported by the Mationsl Science Foundation (NSF) Course,
Cugriculum, and Laborabory Improvement (SCLID program under Avvard Mo,

Model Parameters

DUE-OT 3707 3.
P B o |
— Optimization Criesia - — Model Performencs -
Scil Moisture Grmse (Foot Mean Square Error) |
=, ~ Select Parameter to Piot .

-

Load input Files — Fun

# of simulations 50
Leoad Input Temp. & Precip Load Morthly Temp. & Evap.
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Help
Corftact — Watershed Aréa & Snow Mek Thr inpud Dala Based on Monthly Cimatological Data Ce this program as

HBEVEDU Ver. 2 Aghallouchek A, Habib E., 2010, Applcation of a Conceptual Hydrologic
Aghsi{ouchak & Emad Habib o Model in Teaching Hydrologic Processes, international Journal of Enginesring
B s’

Echacation, 26(4), 963-973.

HEY-EDU is supported by the National Science Foundadion (NSF) Couwrse,

\illial Vakaes Curriculum, and Laborstory improvement (CCLI) program under Award Mo,
= DUE.OT37073.

Morihly Temp Moarghly FE Daily FE

For questions and permisions contact:

(=]

Srow oo
Cptimization Criteria Mocked Performance
1000 ormse (ot e sarotror) - | | [
51 20
' < — Select Pararneter to Flat

Nash Sutciff

Upper Bound of
parameter

Run

# of simulations 50

Load Input Flles

Load input Temp. & Precip Load Monthly Temp. & Evap. Load Observed Q

HBV_EDU_V2 = S

-




HBV-EDU

HBV_EDU_V2
Help

Corfact
HEV-EDU Ver. 2

Wstershed Area 5 Snow MeR Thr Inpud Defls Based on Monthly Cimatological Data

Aghakouchak & Emad Habib Area 410 Maordhly Temp Marthly PE Daily PE
For questions and permisions contact: “ -
Indinl Vahkees

Sod Moisture 1000

s 20

Lower Bound of
parameter

Load input Flkes

Load inpul Tamp. & Precip

Load Monthly Temp. & Evap.

Load Observed Q

= —.

Cite this program as
Aghaliouchak A Habib E., 2010, Appication of & Conceptual Hydrologic
Model in Teaching Hydrologic Processes, iInternational Journal of Engineering
Echacation, 26(4), 963-973.

Acknowiedgment

HBY-EDU iz supported by the National Science Foundation (NSF) Course,
Curmiculum, and Laborstory Improvement (CCLI) program under Award No.
DUE.OT 37073

Cptimization Criteria Mocked Performance
Crmse (Root Mean Square Error) w» cure..gron
Sedact Parameter to Plot

http://www.aghakouchak.com/_/rsrc/
ces/hm/hbv_edu/HBV_EDU_GULpng

Run

# of simulations 50
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Help : R - - »
Corfiact — Watershed Area & Snow Mek Thr Inpud Dada Based on Monthly Cimabological Data Cie this program as
HBV-EDU Ver. 2 Aghaliouchsk A, Habib E., 2010, Applicstion of & Conceptusl Hydrologic
Aghei(ouchak & Emed Habib 410 Morihly Terp.  Monkhly FE Daity FE Model in Teaching Hydrologic Processes, Internationsl Journal of Enginesring

For questions and permisions corfact: Education, 26(4), 963-973.

e Tt 0
= Acknowiedgment
HBY-EDU iz supported by the Mational Science Foundation (NSF) Course,
Witinl Vaioes Curniculum, and Laborstory improvement (CCLI program under Award No.
-

[AUE-OT 3707 3.

00
m Cptimization Criera Moded Performance
1000 Qrmse. (Root Mean Sauare Error) )

20 . Sedact Parameter to Fiot
2000 s L = Selact - Plot Nash Sulchff

Licuic Water Soi Moisture

Snow 0

Temp Precip

Optimal Parameter
(after calibration)

Ta =1

Run

# of simulations 80

Load input Flles
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B Hev_epu_v2 = S
Help - - — - L

Cortact — Wistershed Area & Snow Mek Thr inpudl Dada Based on Monthly Cimatological Data CRe this program as
HEBV-EDU Ver. 2 Aghaliouchsk A, Hatib E., 2010, Applcation of & Concertusl Hydrologic
Agheiouchak & Emed Habib Araa 410 Mordhly Temp.  Marhly PE Daity FE Model in Teaching Hydrologic Processes, international Journal of Engineering
For queestions and permisions contact: . SMp. : 3 Echucation, 26(4), 963-973.
Dr. Amir Aghalouchak (amir afuci edu) n i Acknowledgment
OR Dr. Emad Habeb (habib@iouisiana. ech) HBV-EDU iz supported by the National Science Foundation (NSF) Cowrse,
- ) - - Curmiculum, and Laboratory Improvement (CCLI) program under Award No.
Model Parameters Indlial Vakees DUE-07 37073,
Parameters  Bounds Optimad 00
= Cptimization Criteria Model Performance
4 -
- 1000 Crmse (Root Mean Square Error)

100
200 52 2000 = i = Select - Plot Nash Sulciff

5.1 20  Sedect Parameter to Fiot

MM 0D

Licuad Water Soll Moisture

Snow D

Ped. Evap

003
047

Input Precipitation and Temperature

Sample input in the package: inputPrecipTemp.txt -

The file includes 4 columns: (1) date; (1) month [fte/wnsgrskoschekcom.

Temperature (Celsius); and (V) precipitation (mm/day)

0

c

Load input Flles Fiu

i
# of simulations 50

90
180

- -~ - 4
ly L. N L i ::]I
| 5] - = |
(=]
-

Load Morthiy Temp. & Evap. Load Observed Q

PWP
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HBV_EDU_V2 = S
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Corftact — Wiatershed Area & Snow Mek Thr gl Dada Based on Monthly Cimatological Data Cite this program as

HEBV-EDU Ver. 2

Aghal{ouchak & Emad Habib

For questions and permisions contact:

D . Amir Aghai{ouchak (amic a@uci edu)
OR Dr. Emad Habeb (habibd@iowsiana adu)

Model Parameters

Parameters Bounds Cpbimal
4

100
FC
200
1
4

003
007

G

= = =
I Ly |
5] [ =]
(=]
-
) (2

[ DUE-OT37073.
Optimization Crieria Model Performance
160 Grmse (Root Mean Sauare Error) =/

Load input Flles

Aghaliouchsk A, Habib £, 2010, Appication of a Conceptual Hydrologic
Model in Teaching Hydrologic Processes, international Journal of Engineering
Echuacation, 26(4), 963-973.

Manithly Temp Marghly PE

Acknowledgment
HBY-EDU is supparted by the National Scence Foundation (NSF) Course,
Curmiculum, and Laboratory improvement (CCLI) program under Aweard Mo,

— Select Parameter to Piot

- I

Evap s1

Nash Sutcift

Q obs Q@ sim
| LVFTSSCR P VR

Input Long-Term Mean Temperature and Potential
Evapotranspiration

Sample input in the package: inputMonthlyTempEvap.txt - the
file includes 3 columns: (I) Monthly Temperature (Celcuis); (I1)
Monthly Potential Evapotranspiration; and (lll) Mean Daily
Potential Evapotranspiration (mm/day)

Load Monthly Temp. & Evap.
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HBV_EDU_V2
Help

Cortact

HBV-EDU Ver. 2

Aghaouchak & Emad Habib

For questions and permisions contect:

Dr. Amir Aghad(ouchak (amir auci adu)
QR Dr. Emnd Habib (habibe@iouisians. ecu)

Model Parameters

Parameters Bounds Cptimal
d

-
[

100
FC

it

&

=

= = = g
[ = | |
1 51 a &
ra
L
ol -

C

PAP
180

—Walershed Area & Snow Mel Thr

Indial Vakees

Snow

Sol Moesture

Load Input Flles

Load input Temp. & Precip

=

Inpafl Dala Based on Monthly Cimatological Data Cike this program a3

Aghal{ouchak A, Habib E., 2010, Applcation of & Conceptual Hydrologc
410

Morihly Temp Marghty PE Dby PE Miadel in Teaching Hydrologic Processes, International Journal of Enginesring
Echucation, 26(4), 963-973.
a
Acknowledgment
HEY-EDU is supported by the National Science Foundation (NSF) Course,
Curriculum, and Laboratory improvement (CCLID program under Avesrd No,
[UE-O7 3707 3.
00
Cptimization Criteria Moce Performance
1000 Gemse (Root Mean Square Error) w | m
20
- Selact Pararmeter to Fiot
2000 = i i Select - Plot Nash Sulciff

Observed Discharge

Sample input in the package: Qobs.txt -
The file contains observed runoff (Q) in
cubic meters per second (CMS)

Fun

# of simulations S0

Load Monihly Temp. & Evap.

Load Observed Q
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Help
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HBV-EDU Ver. 2

Aghaouchak & Emad Habib

For questions and permisions contact:

Dr. Amir Aghat{ouchak (amir aguci adu)
QR Or. Emad Halsb (habibd@iouisiana edu)

Model Parameters
Parameters Bounds Optrmad

o0 [
T
100
FC
200
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C

= 4 = g
[ r [
1 53 &
[
=

4

ol i

—Wiatershed Area 8 Snow Mek Thr Inputl Dala Based on Monthily Cimabological Data Cite this program as

Aghaliouchsak A, Habdb E., 2010, Application of & Conceplual Hydrologic
Area 410 Mordhly Temp.  Morthly PE Daily PE Maodel in Teaching Hydrologic Processes, international Journal of Engineering
aerp : Edhscation, 26(4), 963-973,

-
i-—-

0

Acknowiedgment
HEY-EDU is supported by the National Science Foundation (NSF) Course,
—_iniial Vakues Curmiculum, and Laboratory improvement (CCLI) program under Award Mo,
= DUE.OT37073.
Cirdaniration Crdesis Maded Performance
1000 ormse (Rootean saureEror) + | | RSN
5.1 20 . I i
MM DD YWY Temp Précip Srow  Liguid Water Sol Moisture  Dq of. Evap Evap s 5.2 G obs R
A - Do P Precp@ Snow PR Liguid ViRl Soil 1o M D Y Fot 3 . N - » EN N O(obs] IO sm) a

Optimization (Parameter Estimation) Criteria

The parameter estimation and uncertainty analysis is

http://www.aghakouchak.com/_/rsrc/128

based on the GLUE concept using any of theeshmnoy_cdureveou_cupng
Objective functions:
Qrms (Root mean square error)
NSC (Nash-Sutcliff Coefficient)
+ «  Corr (Correlation Coefficient) |

Load Input

# of simulations 50
Load Monthly Temp. & Evap. Load Observed G

Load input Tamp. & Precip
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For guestions and permisions contact: ol ] ’ - Ecucation, 20(4), 363-973.
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OR Or. Emad Habib (habibg@iouissana.ecu) HBW-EDU is supporied by the Nationsl Science Foundation (NSF) Course,
Curmiculumn, and Laboratory improvement (CCLI) program under Award Mo,

(=]

Model Pararmeters — Inlial Viakses DUE-OT 37073,
Parameters Bounds Optimal Snow 0o
Optimizaton Crieria Moded Performance
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s 20 — Select Parameter to Fot

100
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007

02 Number of Simulations
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I — [
| 5] -
[3
(=]

om
0.1
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Kp 0.0 | h ks
04 Load Input Files

PR 90 Load input Temp_ & Pracip Losd Morthly Temp. & Evap,
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180

Semulate Q
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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).

ERACEE (S LRGN el Ol Wegener (left) and Villumsen

(a77{c e [o}= S (<To B o To W 1o t:Ye (SN (o) G (righit) in.Greenland; Nov 1st, 1930.
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.”

FaRlTT . -3 1y 4 . o &
Vehicles used by the 1930 expedition;,
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Multi-Index Drought Monitoring Set2

55 ‘\“
s

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)

SPI2012-1 SS12012-1
q 1 I P g A '

sty
|_| D0 Abnormally Dry

("] D1 Drought - Moderate
| I D2 Drought- Severe
W D3 Drought - Extreme
I 04 Drought- Excephonal




Multi-Index Drought Monitoring

U.S. Drought Monitor a2 e’y

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

Intensity: Drought Impact Types:

|| DO Abnermally Dry r~ Delineates dominant impacts

[T] D1 Drought - Moderate A = Agricultural (crops, pastures,

[ D2 Drougnt - Severa grasslands) D

I D3 Drought - Extrame H = Hydrological (water) )

W D4 Drought - Exceptional
USDA
=

The Drought Monitor focuses on broad-scale conditions. T eV i e cone ? u

Local conditions may vary. See accompanying text summary
for forecast statements. Released Thursday, February 1, 2007
httpl”drﬁught.lml edu/dm Author: Brian Fuchs, National Drought Mitigation Center

SP12007-1 SS12007-1 MSDI 2007-1
e
40
35 -
30

T




Multi-Index Drought Monitoring

May 1, 2007

Valid 8 a.m. EDT

U.S. Drought Monitor

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

Intensity: Drought Impact Types:

[ ] D0 Abnermal lly Dry r~ Delineates dominant impacts
[C] D1 Drought - Moderate A = Agricultural (crops, pastures,
[ D2 Drought - Severe grasslands) @

W D3 Drought - Extreme H = Hydrological {water)
W 4 Drought - Exceptional

| LB e
The Drought Monitor focuses on broad-scale condifions = [ et o v

Local conditions may vary. See accompanying text summary
for forecast statements. Released Thursday, May 3, 2007
http:/idrought.unl.edu/dm Author: Brian Fuchs, National Drought Mitigation Center

SPI12007-4 SS12007-4 MSDI 2007-4




Global Integrated Drought Monitoring and Prediction System (GIDMaP$S)

I Drought Monitoring Seasonal Prediction |

@ Merra @ GLDas © Gpeor © NLDAS © Merra © NLDAS

January

- Month - - Index -

— SPI
February
-l March

W April
May
June
July
August
September
October
MNovember
December

D0 D1 D2 D3 D4
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GIDMaPS: Global Integrated Drought Monitoring and Prediction System 5

A
x
-3
o
e

CHRS®
L

Input Data Set ID Source Resolution
NASA Modern-Era Retrospective analysis for Research and Applications — . .
) .. . ] MERRA NASA 2/3°x1/2
Reichle et al., 2011 - Precipitation and Soil Moisture
North American Land Data Assimilation System - Kumar et al., 2006 -
. . ) NLDAS NASA 0.125°
Precipitation and Soil Moisture
Global Drought Climate Data Record - AghaKouchak and Nakhjiri, 2012 —
Precipitation — combines real-time PERSIANN satellite data (Sorooshian
. GDCDR Ucl 0.5°
et al., 2000; Hsu et al., 1997) with long-term GPCP (Adler et al., 2001)
observations.
Global Land Data Assimilation System (GLDAS) - Peters-Lidard et al.,
L. ) . GLDAS NASA 1°
2007 - Precipitation and Soil Moisture
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
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GIDMaPS: Global Integrated Drought Monitoring and Prediction System

©
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e et

http://drought.eng.uci.edu/index.html
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GIDMaPS: Global Integrated Drought Monitoring and Prediction System

http://drought.eng.uci.edu/
2010, SPI, GDCDR (PERSIANN combined with GPCP)
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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 +5(2)i+1
Ai+1(m)= Si-4+ Si-3+ Si-2 +Si-1+
Si +S(m)i+1
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A near real-time satellite-based global =2 S
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Likelihood of Drought Persistence

Likely Very likely Extremely likely
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Valid 7 a.m. EDT

Intensity: Drought Impact Types:
| DO Abnommally Dry

I ~ Delineates dominant impacts
ht -
(] g; grough‘t gweﬁate 5 = Short-Term, typicaly <6 months
M D3 D;g:gm . E:;::i:e {e.g. agriculture, grasslands) 3 ‘ >
- D4 Drought - Exceptional L = Long-Term, typically =& months
" P {e.g. hydrology, ecology)

ETOF
The Drought Manitor focuses en broad-scale conditions, A N\ ety

Local conditions may vary. See accompanying fext summary

for forecast statements. Released Thursday, April 4, 2013
Likelihood of Drought Persistence
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Likely Very likely Extremely likely

The probability values of the drought prediction component are converted to a
3-catergory drought likelihood measure:

(a) drought likely to persist (270% probability)
(b) drought very likely to persist (290% probability)
(a) drought extremely likely to persist (295% probability)



Validation Toolbox:

Evaluation of Climate and Rem
Sensing Data
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http://amir.eng.uci.edu/downloads/ValidationToolbox.zip (HRS

Performance Metrics for Bias POD VHI

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

FAR VFAR Categorical Miss
simulations. In addition to
the commonly used
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toolbox includes the VMI CSl VCSI
Volumetric Hit Index (VHI),
Volumetric  False  Alarm
Ration (VFAR), Volumetric
Missed Index (VMI), and
Volumetric Critical Success
Index (VCSI). 0 : ' 0
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