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

— ()
L 5 (SL) K (S) SOIAN J
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 = J

Q.=simulated discharge
Ideal RMSE= 0 Q,=observed discharge

\_ v
4 A

| n 0
Bias Bias = ,:,]__1 -
21 Qo

Q.=simulated discharge

Ideal Bias=1 Q,=observed discharge
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Validation Criteria

4 A

. . (0,-0,)> (0 -0,)

Correlation Coefficient R, = zl 21

deal R,= 1 \/Z@i—Qof -\/Z@i -0’

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

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

Nash-Sutcliff Coefficient Ry =1- Zl —

(0, -9,
Ideal RNS: 1 where: -
Rys Nash-Sutcliffe coefficient [-]
) 0, simulated discharge [L'T™]

Negative Rysmeans that the mean s

of observations is a Dbetter < observed discharge [L17]

predictor than the model 0, mean observed discharge [L3T'1]

\ n number of time steps /
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Nash-Sutcliff Coefficient

>0 -0y =(032N32)"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
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Nash-Sutcliff Coefficient

=(032N32)"2|

Rys =1- :1
(©, -0,
2 =(032$F$23)"
where:
Riys Nash-Sutcliffe coefficient [-]

Qs
Qo

simulated discharge [L'T™]
observed discharge [L°T™]

0, mean observed discharge [L°T™]
n number of time steps
Month | Temp. Preci. Snow Liquid Water |Soil Moisture ([ DQ (mm/day)| P ial|  E, S; S, Total Q(QY) | Q (m’s) Q (m’ss) (QQT) | (Q-Qm)*
D [(»] {mm) (mm) OR Py E. (PE,) | (mm/day) {(mm/day) | Simulations |Observations
25 100.0 2.000 200.000 1.065
1 -1.5 0.4 254 0 99.8 0.000 0.161 0.153 1.291 199.644 0.969 4.600 43
1 -0.8 10.5 359 0 99.7 0.000 0.164 0.156 0.833 199.133 0.907 4303 11
1 -28 09 368 0 99.5 0.000 0.155 0.147 0538 198 521 0.865 4106 6.6
1 -3.7 44 412 0 994 0.000 0.150 0.142 0.347 197.847 0.837 3.973 5
1 -6.1 06 41.8 0 993 0.000 0.139 0.131 0.224 197.133 0818 3.883 41
1 -3 0 418 0 99.1 0.000 0.154 0.145 0.145 196.394 0.805 3.819 35
1 -0.7 4.4 462 0 99.0 0.000 0.165 0.155 0.093 195.640 0.795 3.772 32
1 1.8 31 40.8 g5 105.9 1413 0.177 0.167 1473 194.879 0974 4624 32
1 0.6 1.7 39 35 108.5 0.713 0.171 0.171 1.663 194.426 0.998 4.735 5
1 18 36 336 9 1154 1.971 0.177 0.177 3.045 194.018 1.179 5.595 79
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20 109 95 3.065 OBS. DISC(m/br.km2) 415763
21 142 115 3.833 Error (%) 5.821
22 164 125 4032 Squar diff. 53933.17
23 156 100 3226 Average Qpzor. 540
24 12.7 70 2333 (Q—Q,,,)2 172559.78 ﬁ
25 83 30 0968
26 29 10 0333 Correlation 0.83
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28
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30 1)) ©) (mm) (mm)
31 25
32 1/1/1991 1 -1.5 04 254 0
33 1/2/1991 1 -0.8 10.5 359 0
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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40 1/9/1991 1 0.6 1.7 39 35
41 1/10/1991 1 18 36 336
144 » » | HBV CONCEPT . Snow Accum 51 . S2 . Output .~ ¥d — -
Ready




Model Parameters

Conceptual &

Conceptual Measurable Initial Conditions
w BETAR) wFC W Snow
wC wDD w Soil Moisture
wlL w PWP WS
WKy w Ty WS
WK,
WK,
W Iﬂ)erc




Error Sources

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

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

scheme



Error Sources

Error in Model
Parameterization

F Inability to obtain
the optimal set of

parameters.
F Deficiencies in
Concepua psme

scheme

w BETARK) wFC

wC wDD

wlL w PWP

w K, W T

WK

WK,

W Iﬂoerc




Parameter Estimation
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Parameter Sensitivity




Parameter Sensitivity

3 == Degree Day Factor
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Error in Initial
Conditions

# Error in the initial
values of soll
moisture, snow,
field capacity,
permanent
wilting point

Error Sources

Initial Conditions

w Show
w Soil Moisture




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

Sensitivedependence 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
19172008

Meteorologist
Massachusetts Institute of Technology



Error Sources

Error in Model
Processes

E Unrealistic model
assumptions

F Unrepresentative
conceptual
description of the
system



Error In Model Processes

hydrogeclocical
aquifer structure single pores (fractures)

37 7 3 33 3
W

groundwater
reservoir

k local heterogeneity

~N

Qg

— Q)

— (),




Error Sources

Error in
Observations

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

 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

Water Science and Technology Library

1 Amir AghaKouchak - David Easterling
( Kuolin Hsu - Siegfried Schubert

| Soroosh Sorooshian _£ditofs

O

Changing Climate -

Detection, Analysis and Uncertainty

Extremesina «

1- Run the model with different GCM
outputs

2- Analyze data using the Extreme
Value Theory

(@ p4

Lu;euil Station
03

02
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N |
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Extreme Value Index
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Model Uncertainty z Ensemble Simulation

O  Observation C  Simulation
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Model Uncertainty

Model Uncertainty

= Model A

>» Time
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Model Uncertainty
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Model Uncertainty
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HBV-EDU

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 Aghaliouchsk &, Habkib E., 2010, Application of & Concéptual Hydrologic
Aghekouchak & Emad Habib 410 Blarthby Temp Biarthihy PE Deaiby PE E‘I;:-:Ic;th Tc;gl‘mggl'émfdg g_lrzg'c Processes, International Journsl of Enginesring
For guesions and permizions confact: " st - = e
Dir. Amir Pu;h:muﬁ'ﬂk (wnr.a@:ﬁ!;:mdu] - — Acknowledgment
QR Dr. Emad Habib (habibyiouizians sdu) | HEY-EDU iz supported by the Mationsl Science Foundation (NSF) Course,
e — e Yakses Cugriculum, and Laborabory Improvement (SCLID program under Avvard Mo,
DUE-0737073.
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200 | 52
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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)
Model Parameters
Parameters Bounds

4

Cptrnad

FC

B | =
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.

s

0.03
007

0.2
0.4

H_p

a0
180

g =]
ra
L=

—Walershed Area 8 Snow Mel Thr.—
Tt 1]
Indlial “ahees
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Source Code:

http:// amir.eng.uci.edu/software.html
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: Optimization Crienia
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Cite this program as
Aghaliouchsk &, Habkib E., 2010, Application of & Concéptual Hydrologic
Iodel in Teaching Hydrologic Processes, International Journal of Brgineering
Echication, 26(4), 963973,
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Model Performancs

Corredation

Grmse (Root Mean Square Error)

Sedact Parameter o Flot

- I

Selact Nash Sutcf

Executable Version:

http://amir.eng.uci.edu/education.htm]

Load npu Files

Load Input Tamp. & Precip

- - -

w | 4 3 £ ]

Load Morthly Temp. & Evap.

~— Run
# of simulations ol

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

Model Parameters

Parameters

Bounds

| Bea |
[
[ ro |
|
K2 |
K

—Walershed Area 8 Snow Mel Thr.—

Area 410

T4 1]

— Infisal “erhuass -

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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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
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HBV_EDU_V2
Help

Corfact
HEV-EDU Ver. 2

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

" Ara 410
AghoKouchak & Emad Hotib I
For questions and permisions contact: “ -
Indlial Viakees

Sod Morsture 1000

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

Optimization Crieria Mocked Performance
Grmse (Root Mean Square Error) w cofre..gron
Select Pararneter to Flot
Mash Sutciff
2 Q obs

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

Run

# of simulations 50
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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
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(after calibration)
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Run

# of simulations 80

Load input Flles
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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
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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
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Load Morthiy Temp. & Evap. Load Observed Q
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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:
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Optimization Crieria Model Performance
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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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Acknowledgment
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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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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)
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# of simulations 50
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Alfred Wegener (18807 1930)

Famous hydrologist, meteorologist and interdisciplinary
scientist Alfred Wegener was born in Berlin, Germany in
November of 1880 He createdthe 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.
7 A CAT Bo@ydwas not found until May of 1931 (Sources
wikipedia.org & about.com).

(6 AWCL T Tl e MV V[ =T W (oJo Ol \Wegener (left) and Villumsen

([ce [eIs RESTI-Te SR-Talo I E=To ISR (IO (Fight) 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
| reachedthe campd
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Multi -Index Drought Monitoring

Different droughtindicesbasedon different climate variables(e.g., Precipitation,soil
moisture)

A StandardizedPrecipitationindex(SPI)
A StandardizedoilMoisture Index(SS)
A Standardizedunoff Index(SR)

A PalmerDroughtSeverityindex(PDS)I

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 SPland SSIDerived Using
NASA MERRA.AND Precipitation
andsoilmoistureData

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

B2 B (@)@
The Drought Monitor focuses on broad-scale conditions. = [ e 4

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

SPI 2007-1 SS|12007-1 MSDI 2007-1
o
40
35 -
30 |

T




1-Month SPland SSIDerived Using
NASA MERRA.AND Precipitation

and soilmoisture Data

SPI12007-4

Multi -Index Drought Monitoring

SS12007-4

U.S. Drought Monitor a1, 20

SN (S ]sa
N

G " b ¢
o
Intensity: Drought Impact Types:
|1 D0 Abnermally 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
USDA
e —

The Drought Manitor focuses on broad-scale conditions T s o it cone ? u

Local conditions may vary. See accompanying text summary

Released Thursday, May 3, 2007
r: Brian Fu

http:/idrought.unl.edu/dm chs, National Drought Mitigation Center

MSDI 2007-4
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GIDMaPSGlobal Integrated Drought Monitoring and Prediction Syste@*l_w %
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http:// drought.eng.uci.edu/ &Wg

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

I Drought Monitoring Seasonal Prediction |

@ Merra @ GLDas © Gpeor © NLDAS © Merra © NLDAS
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GIDMaPSGlobal Integrated Drought Monitoring and Prediction Syste@jf‘§°"e

RS

S 3
Z
&

Input Data Set ID Source Resolution
NASA ModerrEra Retros_pgctlye analy5|§ for Research and Applicatpns MERRA NASA 2/3% 1/2°
Reichleet al., 2011- Precipitation and Soil Moisture
North Am_encan Lanq Da’Fa Assimilation Systetdumar et al., 2006 NLDAS NASA 0.125
Precipitation and Soil Moisture
Global Drought Climate Data RecordghaKouchak an@llakhijiri, 2012¢
Precipitati bi atime PERSIANN satellite dat& hi
recipitation¢ combines re |m_e satellite dat&dqrooshian GDCDR uc| 0.5
et al., 2000; Hsu et al., 1997) with losigrm GPCP (Adler et al., 2001)
observations.
Global Lanq .DaFa ASS|m|Ia.t|on _SystemL(DAﬁ- PetersLidardet al., GLDAS NASA 10
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 Haoand AghaKouchak, 2013a,b
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Summer 2012 Drought
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IOP PUBLISHING
“nviron. Res. Lett. 7 (2012) 044037 (8pp)

A near real-time satellite-based global
drought climate data record

Predictioncomponentis based
on a d roug ht perSiStence' Amir AghaKouchak and Navid Nakhjiri

model which requireshistorical UnivrsiyofCalltriarvio, 4130 Englacesing ik Ievin, CA 92657, USA
observations The seasonal L """ " """

drought prediction component
is basedon two input data sets — : :
(MERR/and NLDABand three | | 30Years Saieted Rainfall Dg
droughtindicators(SPI.SSlkand
MSDI)

918 Months-Resd

Ai+1()= Sid+ Si3+ Si2 +Sil+
Si+S5(1)i+1
Ai+1(2)= A+ Si3+ Si2 +Sil+
Si 5(2)i+1

Ai+1(m)= Si4+ Si3+ Si2 +Sil+
Si +S(m)i+1

1979 NOW
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Likelihood of Drought Persistence

Likely

Very likely Extremely likely



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

i AQ AOI OCEO I EEAT U Ol PAOOEOO jI xm
i AQ AOT OCEO OAOU 1 EEAT U OI DAOOEOO
i AQ AOT OCEO AgOOAT A1TU 1T EEAIT U O PAO



