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Definition of Drought

* Drought 1s defined as a
prolonged and abnormal
moisture deficiency.

-American Meteorological Society, 1959 (as cited by Palmer 1965)

TYPES OF DROUGHT:
Atmospheric: too high saturation deficit

Meteorological: a longer period of time with
considerably less than average precipitation amounts

Hydrological: refers to a period of below-normal stream-
flow

Agricultural: insufficient soil moisture causing plant
stress and resulting to lower crop yield

Physiological: plant is unable to take up water in spite of
the present sufficient soil moisture

Socio-economic: supply and demand of some economic
good with elements of met, hydrological and
agricultural drought




Some commonly used indices for
quantifying drought

Percent of Normal (Gibbs and Maher, 1967)

— Departure from Mean
— Departure from Median

Standard Precipitation Index (SPI) (McKee, et al., 1993)

Palmer Drought Severity Index (PDSI) (Palmer 1965)

Crop Moisture Index (CMI) (Palmer, 1968)

Surface Water Supply Index (SWSI) (Shafer and Dezman, 1982)

Reclamation Drought Index (RDI) (Bureau of Reclamation, as a trigger to
release drought relief funds)

Deciles (Gibbs and Maher, 1967)

Effective Drought Index (EDI) (Byun and Wilhite, 1996)

Available Water Resources Index (AWRI)

Bhalme and Mooley Drought Index (BMDI) (Bhalme and Mooley, 1980)
Rainfall Anomaly Index (RAI), (van Rooy, 1965)

Keetch-Byram Drought Index, (KBDI)



Table 2. Temporal and parametric differences of the Flood and
Drought Indices

Floods and Required Parameters Minimum Temporal Upside Downside
Drought available data Scale
Indices duration
% normal Rainfall None Daily, Simple can easily be done Too general; not normalized
monthly, spatially and temporally
yearly, etc
SPI Rainfall or Q or soil 30 years 3,6,12,24 and  Simple, Flexible; can be used For longer time scales but not
moisture 48 months for other hydrological reliable if time
parameters (one at a time) interval>48months
PDSI Rainfall, Temperature, | 25 years Weekly, Can be used for extreme Only for hydrological
AWHC of soil monthly events droughts; requires 25 years
data at least; complicated
CMI Rainfall, Temperature, | 25 years Weekly, Can be used for crops; also Can be used for agricultural
AWHC of soil monthly accounts for evaporation droughts; requires 25 years
data at least; complicated
Deciles Rainfall None Too general
EDI Rainfall 30 years Daily, Can be used for daily Too general, requires 30 years
monthly calculations, ideally monthly data at least
AWRI
BMDI Rainfall None Daily, Calibration parameters can be
monthly, etc subjective
RAI Rainfall None Too general
RDI Rainfall, Discharge, Basin scale; also accounts for
Temperature evaporation
KBDI
SWSI Rainfall, Discharge Basin scale

Comment: most of these indices have mostly been used in the temperate countries so snowpack is accounted for. This might need adjustment for tropical regions



Drought Quantification using the
Standardized Anomaly Index (SA)

— o, = \/ var(X)
X — X . where )
SA = l var(X) = [ (X = ) f(X)dX
Precipiration o
| Drought conditions for the range of SA values
. [UNL, available in ttp://www.drought.unl.edu/whatis/indices.htm#spi
2010]
Fira potransp iration SA Vallles Condition
2.0+ extremely wet
1.5t0 1.99 very wet
River Discharge 1.0 to 1.49 moderately wet
/
o -0.99 t0 0.99 near normal
ourkace v\.'lll masrure -
oot zone ssil mcisture — -149t0 -1.0 moderately dI'y
groundwater level — -1.5t0 -1.99 SGVGI‘Gly dI'y
-2 and less extremely dry
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Pampangga River Basin

Legend
I Pampangga River Basin -

) % * Lies on the northern shore of Manila Bay

! « Bordered by the provinces of
— Bataan and Zambales to the west,

i




[ Basin Boundary
DEM (m)
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WEB-DHM (Water and Energy Budget-based Distributed
Hydrological Vlodel)
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Source of slide: Wang, L. 2007 PhD Thesis Presentation, University of Tokyo



Calibration Curves for streamflow
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ENSO occurrence JFM AMJ JAS OND
1982 E- E E+
1983 E+ E L-
1984 L- L- L
1985 L- L-

1986 L-

1987 E E E+ E
1988 E- L- L L+
1989 L L-

1990

1991 E- E- E
1992 E+ E

1993 E-

1994 E
1995 E- L-
1996 L-

1997 E- E+ E+
1998 E+ E- L-

1999 L L- L- L
2000 L L- L-

Legend: E+ strong El Nifio; E moderate El Nifo;
L+ strong La Nifia; L moderate La Nina; L- week La Nifia

E- weak El Nino

Warm ENSO events, or 1982/83, 1986/87,
El Nifio 1991/92, 1992/93,
(6 cases) 1994/95, 1997/98
Cold ENSO events, or 1984/85, 1988/89,
La Nifa 1995/96,
(4 cases) 1999/2000

Nine 3.4 Index (1962-2000)
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P-values for the student t-test comparing El Nino & La Nina
(2-year composites)

(a=0.05)

El Nirio vs. La Ninia: using SA for year 1

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Drought Parameter
2 (1) (1) (1) (1) (1) (1) (1) (1) (1) (1) (1) (1)
Rainfall 022 | 098 | 034 | 046 | 034 | 021 | 008 | 098 | 092 | <0.01 | 0.02 | 0.16
Discharge 025 | 065 | 033 | 038 | 093 | 017 | 037 | 099 | 071 | <0.01 | <0.01 | 0.13
Soil Moisture (surface) | 0.30 | 0.67 | 054 | 086 | 065 | 007 | 099 | 059 | 059 | <0.01 | 0.01 | 0.41
sl M;’(‘)Srf:)re ekt 063 | 052 | 054 | 070 | 090 | 040 | 094 | 050 | 036 | 0.01 001 | 0.13
Groundwater level 08 | 067 | 064 | 084 | 084 | 061 | 061 | 015 | 009 | 015 | 021 | 042

El Nirio vs. La Ninia: using SA for year 2

Jan Feb Mar Apr May Jun Jul Aug | Sep Oct Nov Dec

Drought Parameter
: (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2)
Rainfall 017 | 018 | 004 | 013 | 0.01 | 019 | 017 042 074 | 033 | 028 | 041
Discharge 007 | 019 | 007 | 005 | 004 | 035 | 001 |039] 092 | 095 | 005 | 040
Soil Moisture (surface) | 0.10 | 0.03 | 0.01 | <0.01 | <0.01 | <0.01 | 0.01 |0.03| 037 [ 037 | 039 | 0.90
sl M;’fgz)re el 011 | 006 | 0.02 | <0.01 | <0.01 | <0.01 | 001 |0.01| 010 | 020 | 027 | 034
Groundwater level 040 | 030 | 014 | 007 | <0.01 | <0.01 | <0.01 |0.01 | 019 | 050 | 0.10 | 0.68
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=1 ENSO El Nino
—— 3-monthly root zone soil moisture
~—— 3-monthly surface soil moisture
~— crop volume anomaly

Nino 3.4 index
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watershed management practices

ADAPTATION STRATEGIES
FROM PREVIOUS STUDIES

*\Water reuse by recycling of
drainage water and
groundwater use (Maraseni, et al.,
2010)

*optimize irrigation practices
(alternate wetting and drying of
the soil)

*supplemental or micro
irrigation (Rockstrom, et al., 2002)

ADAPTATION STRATEGIES
suggested by the local communities
in the UPRIIS area: (Lasco, et al., 2010)

reforestation/AF farming

*soil and water conservation measures
swater impoundment

*well construction

*use of appropriate crops/varieties (e.g.
more drought resistant crops)

sirrigation management

tap other water sources (e.qg. rivers,
groundwater)

*shift in livelihood

ecapacity building activities



Climate Change and Drought



IPCC Working Group I report states that:

Likelihnood that trend Likelihood of a Likelihood of future trends
Phenomenon? and occurred in late 20th human contribution based on projections for

direction of trend century (typically to observed trendb 21st century using
post 1960) SRES scenarios

Warmmer and fewer cold

days and nights over Very likalyc Likelyd Virtually certaind
most land areas

Warmer and more frequent

hot days and nights over Very likalye Likely (nights)d Virtually certaind
most land areas

Warm spells/heat waves.
Frequency increases over Likely Maore likely than notf Very likely
most land areas

Heavy precipitation events.

Frequency (or proportion of _ .
total raintall f heavy falls) Likely Maore likely than noff Very likely

increases over
e

Area affected by Likely in many \o

hts increases regions W More likely than not Likely

Intense tropical cyclone Likely in some

activity increases regions since 1970 More fikely than notf Likely

Increased incidence of
extreme high sea level Likely More likely than notth Likelyi
(excludes tsunamis)3




IPCC Working Group II report states that:

» itis very likely that drought occurrences will increase as a result of
climate change.

— “It is projected with high confidence that the projected changes
in the frequency and the severity of extreme climate events have
significant consequences for food and forestry production, and
food insecurity, in addition to impacts of projected mean
climate”.

— “There is also high confidence that smallholder and subsistence

Jarmers, pastoralists and artisanal fisherfolk will suffer

complex, localized impacts of climate change”.

Droughts are regional in nature and critical drought conditions occur when

there is an extreme shortage of water for long durations over large areas
(lallaksen, et al., 1997)



23 Models GCM Ensemble

mm/d

* Precipitation: 2-step bias

correlction
Xoem = Foem (F ops (X ))

-1 ~
¥ 08s (FJ,GCM(xi))a X; 2 X

i =

0, x, <x

F(x,a,B) = mxm exp(— %j;x > X

F(x,a,B)= [ f(t)di

« Temperature: linear regression

(a) Corrected Temperature 1982-2000

(b) Corrected Future Temperature 2046-2064
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Past and Future Streamflow

a) Pantabangan Dam 1982-2000
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Sample simulation: Pantabangan Dam

1992-2000
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Impact Assessment: Drought

* GHG emissions cause CO, concentrations in

the atmosphere to rise and increase heat
absorption resulting to AT ( T), AP (d V)

 From our simulations, this results further to
AET, AQ, ASM

 For SRESalb scenario 1n this watershed, AT
and AP resulted to rainfall deficit, more
frequent lower than normal discharge, soil
moisture and evapo-transpiration



Extra slides
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Rainfall Discharge Surface soil moisture

Spatial analysis showing mild
to severe drought in July 1987
for rainfall, discharge, surface
soil moisture, root zone soil
moisture and groundwater
level.
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Root zone soil moisture Groundwater level
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Combined
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Meteorological Hydrological Agricultural

Hotspots: Spatial representation of the effects For July 1987 for meteorological drought (using rainfall
parameter), hydrological drought (using the combined effects of discharge and groundwater level),
agricultural drought (using soil moisture), and the combined effects of the different drought types.
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. . . . Groundwater level
Surface soil moisture Root zone soil moisture

Spatial analysis showing mild to severe drought in April 1998 for
surface soil moisture, root zone soil moisture and groundwater level.

Hydrological Agricultural Combined

Hotspots: Spatial representation of the effects For April 1998 for hydrological drought (using
the combined effects of discharge and groundwater level), agricultural drought (using soil
moisture), and the combined effects of the different drought types.



Rainfall Discharge Surface soil moisture

Spatial analysis showing mild
to severe drought in August
1998 for (a) rainfall, (b)
discharge, (¢) surface soil
moisture, (d) root zone soil
moisture and (e) groundwater

level.
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Meteorological Hydrological Agricultural Combined

Hotspots: Spatial representation of the effects For August 1998 for meteorological drought (using rainfall
parameter), hydrological drought (using the combined effects of discharge and groundwater level), agricultural
drought (using soil moisture), and the combined effects of the different drought types.
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Agricultural production of palay (un-milled rice) from 1967-2009 detrended
using simple linear correlation (a) to calculate annual production gains/losses (b).



