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When drought comes, everybody is concerned

when drought lasts, everybody is trying to find solutions

when drought is over, everybody forgets except those who were hurt.












L2 B 2\ sl
Fo —F HA By
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E Meteorological drought ( § % iz % )
B Subnormal precipitation within a period considered.
B Agricultural drought ( B 37 % )
B Soil moisture critical to plants.
E Hydrological drought (k< 3z % )
B Subnormal streamflows, lake surface elevations,
groundwater levels, etc.

B Socio-economic drought (# % 3z %)

B Water shortage occurred to humans.
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Precipitation deficiency
(amount, intensity, iming)

Reduced infikration, runoff
deep percolation, and
ground water recharge
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Time (duration)

High tem p., high winds, low
relative humidity, greater
sunshine, less cloud cover

Increased evaporation
and transpiration
|

Soil water deficiency |

Plant water stress, reduced
biomass and yield

Reduced streamflow, inflow to
reservoirs, lakes, and ponds;

reduced wetl ands,
wildlife habitat
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ta3g 5o 5 3 #ix (Palmer Drought Severity Index ,PDSI)

A Rdph R

B PDSI B PDSI level
Zi
PDSI; =0.897PDSI, , + = PDS| state
Z=dK Z: moisture anomaly index >4.00 Extremely wet
K: weighting factor 3.00~3.99 Very wet
d: moisture departure from normal 2.00~2.99 Moderately wet
- I 0.50~0.99 | Incipient wet spell
P: aCt.ual precipitation . . 0.49~-0.49 Near normal
P : climatically appropriate for existing conditions .
precipitation -0.50~-0.99 | Incipient dry spell
ET : evapotranspiration -1.00~-1.99 Mild drought
RO : runoff -2.00~-2.99 | Moderate drought
R : soil water recharge -3.00~-3.99 Severe drought
L : water loss from the soil <-4.00 Extreme drought
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miaderate drought .
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beginning dry spell
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3 it "% &% g ¥c (Standardized Precipitation Index,
SPI) ——% v % %55 1] T

»an index based on the probability of precipitation for any time scale.
» A transformation is applied so that the transformed precipitation

values follow a normal distribution

SPI Values

2.0+ extremely wet

®SP/—1.0> ¥ 3

1.5t0 1.99 very wet H & 416
1.0 to 1.49 moderately wet ® SP/=2.0> 5%
-.99 to .99 near normal EIREC AR EN

®SPI=-2.33> 5

-1.0 to -1.49 moderately dry 7 E5 4 1% o

-1.5t0 -1.99 severely dry

-2 and less extremely dry



l-month Standardized Precipitation Index through the end of January 2010 3-month Standardized Precipitation Index through the end of January 2010
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+3.00 and sbove (exceptionally wet) +3.00 and sbove (exceptionally wet)

+2.00 to +2.92 (extremsly wet) 4+2.00 to +2.99 (extremsly wet)
+1.25 to +1.99 (very wet)

+0.75 to +1.24 imodsrately wet)

+1.25 to +1.22 ivery wet)
40.75 to +1.24 imoderately wet)

» Based on
Divisional Precipitation Data
1295 to present
Provisional data provided by
& L S/NC

-0.74 to +0.74 inear normal) -0.74 to +0.74 inear normal)

-1.24 to -0.75 (moderately dry) ~1.24 to -0.75 (moderatsly dry)
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-1.99 to -1.25 (very dry -1.99 to -1.25 (very dry C
-2.99 to -2.00 (extremely dry Western Regional Climate Center -2.99 to -2.00 (extremely dry Western Regional Climate Center
Desert Fesearch Institute Desert Research Institute
-3.00 and below (exceptionally dryl Reno, Weva =3.00 and below (exceptionally dry) EReno, Wevada
6-month Standardized Precipitation Index through the end of January 2010 12-month Standardized Precipitation Index through the end of January 2010

+3.00 and above (exceptionally wet) +3.00 and above (exceptionally wet)

42,00 to +2.99 (extremely wet) 42,00 to +2.99 (extremely wet)

+1.25 to +1.99 (very wet) +1.25 to +1.99 (very wet)

+0.75 to +1.24 imodsrately wet) 40,75 to +1.24 imoderately wet)

-0.74 to +0.74 inear normal) -0.74 to +0.74 inear normal)
onal Precip

sional Precipitation Data
o present -1.24 to -0.75 (moderately dryl to pr

-1.24 to -0.75 (moderately dryl

-1.99 to -1.25 (very dry) -1.99 to -1.25 (very dry)
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-2.99 to -2.00 (extremely dry) Western Regional Climate Center -2.99 to -2.00 (extremely dry) Western Regional Climate
Desert Fesearch Institute Desert Fesearch Institute
=3.00 and below (exceptionally dry) Feno, Wevada =3.00 and below (exceptionally dry) Eeno, Wevada
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R = R (Drought Duration Curve)
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b 4 oK oK 3p #ic (Surface Water Supply Index,
SWSI) - % *+ % 37 % th] 7

B SWSI E SWSI level
axPN,+bxPN,.,+CcxPN,.—50
SWSE N Noce s SWSI State
12
3~4 Extremely wet
a,b,c:weight> a+b+c=1 2~2.9 Moderately wet
PNgp: probability of snowpack 1~1.9 Slightly wet
PNop: probability of precipitation -0.9~0.9 Near average
PNg.: probability of reservoir storage -1.9~-1 Slightly dry
-2.9~-2 Moderately dry
_ -4~-3 Extremely dry
@ During the summer months, streamflow

replaces snowpack as a component of the

SWSI.



Colorado Surface Water Supply Index (SWSI) Map \Q/ N RCS
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B (Z3%)
AR & V={v{, Vpseeey V, .} Based on the membership
_ function of fuzzy set Vj
U={u,, u,,..., u . y )
{u, uy..u Evaluation Set associated with criterion Ui

Attribute Set @
Q v

v,=none (rank 1)

=lj I ={l:15 Figgerey I}
U, U,,..., U, v,=slightly severe (2) ij— Wit Ti2oeees Lip
—inflow, reservoir v,=fairly severe (3) LN it 2N
Storage ...... V4=Sevel’e (4) F%I =N N I:l [Ff[_\d %) J«. v
;‘ Y4

v.=very severe (5)
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“none” shightly fairly “Ssevere” very
severe severe severe
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U (Exceedence probability of rainfall) & & 4z 4% 4% &



FRRERK%& S




it

N
v

average rainfall (mm/month)

250

200

150

100

50

B

iz

i iz

H 1 iz

/|

6 7 8

9

10

11 12 13 14

time duration (months)




bal F\
i

ol

% &

z% 4 #7(3-month duration)

average rainfall (mm/month)
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% ¥z % 4 +7(3-month duration) (1999-2003)

=
)

% 52 % 4 47 (6-month duration) (1999-2003)

/S
¥

5 : very severe

3 : fairly severe

2:

slightly severe

1 : none

time
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water level (m)
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% 3% =

B‘ 3 ’}\ R FL%%‘

k5 (S)
S = 1- (release/demand) x 100%

KA1EEF KPR R

T AR NSO R
]':[ 35"[—\“ A _ KA N
(ja FILS55 ) | (17718 TE)
= PRI 10%~20% 30%~40%
=R 20%~30% 40%~50%
— PR 30%) ] - 50%)] -
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#HoKFE & ONE G ONES 2N
E\'%?’J\ A -»‘,‘7 O
' (7 R¥2 5 PiRkR) (3 piRKE)
1(a& 4% -K) 0 0 0

R 2(3 B 4% K) 0~30% 0~10% 0~5%
A Rik-k 3(% B #-K) 30%~40% 10%~20% 5%~15%
Si 4(FcE 4 K) 40%~50% 20%~30% 15%~30%

S5(# B £ 4 K) >50% >30% >30%
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(Drought Alert Index)

g

|2l [’—EI ,Elh\ﬁf,] (information entropy)

H(p,,+, P) ==K p; logp,
as K=1;p=1/n "
H(x)=log, n (n=n,*n,=5%5)
H(x)=log, 25 = 5 ("&5kED)

TR — FB0)

%;TWE@ i AR | WEEP | REEP
IZE" ;f?g’r 0<DAI<I | 1<DAI<1.5 | 1.5<DAI<2 | 2<DAI<25 | 2.5< DAI<3




1% &% (Drought mitigation)

DAI
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6 nl@) [ DA=) pRiEy | e | DA
Qp o (QIO ) 10g5( DS} )Qm 10g5( D,S; )Qm - log; ( D,S; )Q,o
Qy P (on) log; ( DS} )on 10g5( D,S; )QZO e log; ( D,S; )on
Qys P (Q95) log; ( DS )Q95 10g5( D,S; )Q95 - log, ( D,S; )Q95

1.00

0.
— Al to) m;m

¥ = 0.60
'q.) 0.50

: 6_7"( ta Lol = 0.40

: 0.30

- 0.20

> 0.10

]
t 1 tn t 0.00

n=3; %¥ ] =

0 EH ARSI T2 A KGR B Q5 p,(0) A ARAR T e
WA KRR F A ko

- | == Weight (t=1)
- | == Weight (t=2)
- | =+ Weight (t=3)
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Recession parameter (A )
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2008 & = " BORE A KRS A2 5
t=1(z ") t=2(I ") =3(= 1)
T 500 ne) | 500 pe) 50060
Qo 8.40% 8.40% 5.00% 5.00% 8.50% 8.50%
Q, 2.70% 11 10% 11.20% 16.20% 13.80% | 22.
Qs 4.00% 15.10% 23.70% | 39.90% 14.80% 37
Qu 9.80% 24.90% 22.20% | 62.10% 8.80% 45,
Qs 19.40% | 44.30% 11.60% i % 10.30% 561 (3:’{[
Qo 18.00% | 62.30% 6.90% K_80.60%A4 9.80% 66.00%
Q. 11.90% | 74.20% 11.30% | 91.90% 8.60% 74.60%
Qq 7.20% [ 81.40% Y 8.00% 99.90% 8.70% < 83.30%)
Qqo 6.30% 87.70% 0.10% 100.00% 1 9.90% 93.20%
Qys 12.30% | 100.00% | 0.00% 100.00% | 6.80% 100.00%
2008 & = 1 7 " J\Es EARER G AK AT
e SRR )
1 DAIp 0 DAIp 0 DAIp
P=0.2 Qu 0.43 Qs 0.43 Qy 0.00
P=0.5 Qe 0.43 Qu 0.43 Qs 0.43
P=0.8 Q A B
P=0.9 Qs 0.43 Q5 2.23 Qyo 2.23
P=0.95 Qq 0.43 Qqo 2.23 Qs 2.86
&£ (W) 0.40 0.33 0.27

EIAESSP=0.8

(s fify 2 f@R=0.2)

— =

DAI,_, ,=1.10(£%)
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Qu 3% | 30% | 30% | 30% | 30% | 30%
Qs0 50% 50% 40% 70%
Qu 20% | 100% | 20% | 100% [ 30%
HIRSP=0.8 DAI,_, ,=
0.87(% %)

(R ff B i@ R=0.2)

F RIRFF T 2008 £33 7 L PORE G % R E

LT~ S A

/\—;}‘7];%}3 (P) *t—l(lg) ;[—2_(_1 ) *::_3(7:\};)

0; DAL 0 DAL 0; DAL

P=0.2 QZO 043 Q20 000 Q20 000

P=0.5 Qs 0.43 Qs 0.43 Qs 0.43
P=0.8 Qso Qs Qs

P=0.9 ng 043 ng 205 ng 223

P=0.95 QSO 043 ng 205 ng 223

}# % (W) 0,40 033 027
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