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Introduction

Drought; assessment n° Bangladesh plays an
Important rele for  a sustainable use of limited
Water reseurces as Well as for rain fied agricultiral
Production.

Increasing dryness and dreught; will™ adversely.
aifiect theragriculttral activities off the country. I the
PHENOMERNGN IS Not assessed properly: as wellk as
timely: and adeguate adaptation measures are: not
Implemented.



Introduction

Many: studies’ are there to assess the flood
scenarior N Bamngladesh, whereas, studies on
drotightin  Bangladeshiare Very: iew.

This study: focuses on the characterization,
ASSESSMERL, GUanGIiICatioN Off dreudht: SEVErity;
dretgntt s WiliRErRDPIIA " Sands S eamages ™ and
prioritization: o potentialt adaptation mMeasures
adainst dreughtin Bangladesn.



Objectives of the Study

To and classify,
from the context of

Bangladesh.

To

of drought in Bangladesh.

the

threughout  the
COURCrY.



ODbjectives of the Study

o determine
throughout the country.

To

I Bangladesn.

considering  the
gdeographical as: Well' as' climatic condition of
Bangladesh.

as well' as
guantify drought damagde.



Study Stations

off the country
nave Been selected fox thisistudy.

[For the convenience off the study,
, hamely

North-West, North-East, South=VWest, South-
East and Central regions.

Central Region: Dhaka, Mymensigh, Comilla,
Tiangail, Chandpur



Study Stations

North-Western:  Region:  Dinajpur, Rangpur,
Rajshahi, Bogra, Chiadanda

North-Eastern Regioni Sylhet

South-Western: Region: Barisal,” Bhela, Kaulna,
Faridpur,  Madaripur,  Satkhira,  Patuakhali,

Jessore

South-Eastern  Part: Feni, Cox’s Bazar,
Chittagong, Rangamati




Selected Districts
from BMD Stations
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Figure 1: Study Area Profile



Analyses and Resulits

Era oiRClaucPardiielels i Baneglaaesli

Dryness and dreught are the phenomena: derived
from the imbalance in climatic; parameters.

In this study, the
Nave been

analyzed: to) det: the patterns off seasonal’ dryness
and dreught in' Bangladesh.



Seasonal Rainfall Patterns

Decrease in rainfall, when It Is expected, can be
considered as anl indication of drought.

, long
term; patterns off seasonal rainfalls have been
ebserved in thisfstudy.



Eindings:

> Regionall Patterns:

llemporal plots. ofi the seasonal rainfiall at all
stations o the north-west region have shown

Pre-monseon, mMonseon and wWinter have DECome
drier in Comilla’ due; te decreasing| trends of rainfiall
N central region;



In: the; soeuth-west region, significant decreases: of
rainiall have, been ebserved in Fardpur during
MOMRseen, N Madaripur duringl pre-moenseon: and in
Bhola during post-mMonseon as Wellfasiat Winter:

IR seuth-east part, pre-monseen and MmMonseen
rainiallst have; Been decreased auring pre-momnseon

and MeNSeoN respectively.



> Seasonal Patterns:
Madaripur has the

Comillar has got the driest menseon withrthe rainfiall
trendl having maximum: negative slope: off 12.41
mmy/year during monseon.



The negative slope off temporal trend of post-
mMonseon raini@all s the maximum: inf Comillar (-1.48

mmy/year), Indicating the driest post-Monseon Iin
Comilia:

The rate of decrease ofi winter rainfall isk the
maximum; i Ilangail, Which' IS indicated by the
maximum nedative slope; off 2. 20 mn/\year.



Seasonal Temperature Patterns

INCrease: In
and
hence decrease in available water.

Iiherefore, Increase in seasonal temperature; isk a
critical issue te; be; studied to assess seasonal
drought scenario) throughoeut the country.



Eindings:

> Regional Patterms:

In' the north-west and north-east regions off the
country, MO GCCUrrENCce Off InCreasingl temperature
Mas Been found, rather’ temperatures: Nave Been
Observed to decline over' the, considered: period: of
tme.

In central region, menseon and pest-Menseon
temperature;  have been increased In  Dhaka.
Monseen temperaturé has alsor been: increased: in
Trangailf of this region.



From the temperature patterns ofi south-west
iegion, It s/ founal that moenseen temperature; has
peen increased in Barisal and Satkhira.

Analysisi on south-east region off the Ccountry
fepresents; that poest-momnsoen: temperatures have
shown Increasing trends in Feni, Chittagong and
Cox's Bazar.  Adain, MOonNseon temperature; has
Peen found: tor be increased in Cox's Bazar.



> Seasonal Patterns:

Tihe maximum! positive slope off temperature trend
nas Dbeen; found as 0.03" °C/year in Tangail,

Indicating maximum, dryAess among other drer
stations during Monseon.

Faridpur: has become the driest having the

maximum;  poesitive;  slope  off  post-moensooen
temperature of 0.03 °C/year.



The maximum  positive slope of winter
temperature trend as been fieund in Pattaknali as
0.13 °C/year.

It cani be noted here that



Defining Drought Criteria

Diffierent dryness: conditions; have, Deen defined
pased on the off temperature and

raintalls

These values vary depending om Seasons and
locations.



Calculation of Threshold Values

> FFor calculating| the: threshold value fior'a particular
SEason Off al SpecIfic lecation,

Seasonall rainfallFfor each year' isi subtracted from
the seasenall average rainfalll

The negative  values Indicate the shortage
(deviation)) in rainfalls; firom| the seasenall average.



Calculation of Threshold Values

Again the average ofi the nedative values indicates
that on anl averade (generally) rainfiall” shertage
attains’ that value.

Einally, the; threshold valtue (in' case ofi rainfall)lis
determined by the follewing eguation:

Threshold rainfalls = X(Seasonal averadge: rainfialls +
AvVeragde! off negative deviations)

Threshold temperature = X(Seasonall average
temperature + Average of positive deviations).



Development of Dryness Maps

In this study, semi-arid, arid and drought
conditions have Deen defined dependingl on the
deviation: ofi rainfall’ or' temperature from the
threshold values.

IHere, different’ dryness conaitions have been
identified by different indices, such as index 1
Indicates nermal (nen-dry. condition), 2 for semi-
arid, 3 fior'arid and 4 for dreught: condition.



Drawback:

It 1S evident: thatia particular aréa may: Seem
to, be dry considering ene parameter, I.e.,
rainiall, While it may: not: be dry: according te
other parameter; i.e., temperature.

In- 1999, winter rainfalll threshoeld criteria
Indicate = dreught cendition imn  Dinajpur,
Whereas the temperature thresholdl indicates
semi-aridl condition' in the same station.



Recommendation:

4 Correlation between temperature and
rainfall changes can be analyzed.



Regional Patterns of Seasonal Dryness
Slope
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“has been

for al particular area, in other word, temporal
change;in drymess rate for a SPECIFIC; area.

In" each’ graph, the abscissa represents: year,
Whereas the ordinate; indicates the dryness INdICes,
e, 1 for normall (nen-dry) condition) 2 fior semi-
arid, 3 fior'arid and4 for drought: condition.

A positive slope; indicates the increase: off dryness, a
negative slope indicates the decrease; of dryness
and a zero slope means Nno change In drymness
condition.



o Flgurz 7 snows trizic consideration of seasonal
rainfall has produced positive dryness gradients
during all of the four seasons ir1 trn=z riortr-ywast
[EJION| Off the, COUntrY.

3 On tne otner nard, consideration of seasonal
temperature has produced positive dryness
gradient during post-monsoon, negative gradients
during pre-monsoon and winter



Areas with Persistent Dryness

Comparing the' rainfialls and temperatire ol tWo
successive years, 1996-1997, 1997-1998; 1998~
1999 andl 1999-2000, the areas suffiering from
dryness; in beth of the successive years, have
peen identified.

Jlhese areas have been; defined as areas with
Persistent: drymess.



Drought Patterns in Bangladesh

> DIscrete Ramiall Anomalies

Rainiall” anemaly: isf the; measurement of rainfall
deviation firomi long-term: mean off rainfalll records.

The negative deviation: indicates the shosktage of
rainfall iremi the Iong-term mean rainiall.

The positive; deviation: measures) the tendency. ofi
water  avallability: compared: ter the long-term
average.



Tihe time series of pre-monsoon; rainfall anomalies
shows that Dhaka has experienced below-normal
rainfall and hence dry: period: for an extended
period firom; 1953 te; 1963.

Duringl the most severe shortage of rainfiall in
1979, pre-monsoon rainfialls was) 29%; ofi the Iong-
tErm averade.

Adain;, extended drought period has Been returned
during 2002 tor 2008, where 2005 has shown
above-normal rainfallin Dhaka.



During. monseoon, rainfall shortage Iis not so
riemarkable; in Dhaka.

Rainiall shortages have Dbeenr found during 1958;
1977 andl 1994, "when the rainfallsiwere 52%, 59%
and 62% ofi the Iong-term average: respectively.

ihe years got: significant: shortades, ini post-Monsoon
rainfall are; 1957, 1981 andl 1997 in Dhaka.

Extended dry: winter periods are found from 1953 to
1956, 1959 to 1963, and 1965 te 1972 in Dhaka.



IIhe Increase; in rainfallfanomalies indicates, the
More randomi patterns of dreught eccurfences.



> Cumulative Raimfall Anomalies

The monthly: rainfall anomalies have Dbeen
aggregated to) geti the, cumulative; rainfall anemalies
for'each off the considered year for each station.

It depicts ther agdregate; amoutnt as wellt as the
duration: off Water surplus or' deficit:

The relative importance of the cumulative rainfall
anomaly’ depends on the magnitide off the anemaly.
N relation tor nermallconditions:.

1lo; account for this' effiect, the monthly: cumulative
anomalies have, been; expressed in; thousandths of
the corresponding annual raintall’



Depressed rainfall anomalies —
In Dhaka firom 2001 to 2004

In Sylhet the periodlis from 1960 te 1964, 1965 to
1966:and 2005 te 2004

In Jessore the period extends firom: 1951-1955 ana
from; 1957 to; 1959

I Chittagoeng the; periodtis frem 1957 te 1959.

Tihese; periodsi with depressed I.e., negative rainfall
anomalies indicate drier periods in these; stations.



> Rainfall Anomaly: Inaex (RAV)

Rainiall Anemaly’ Index has been used o address
the annual rainfiall variability, off the considerea
stations throughout the; country.

Adain, the rainfallfvariability’ can be used to
analyze; the variable drought patterns ini the
country.



Minimum: Rainfall Anemaly: Index-
-8.95)In Dhaka (1974)

-7.4811n Rajshahi (1969)

-10.81 in Sylhet (1973)

- 7. 131 Jessore (1978)

-4.54 in| Chittagong| (1972)

Tihe periods shewing maximun depressed: raintall
anomalies: also have the minimum: Rainf@alls Anemaly.
Index (RAL), which again’ indicate drier periods:

For example, severe dry period has been found in
Rajshahi in 1969, again the minimum: RAIL (-7.48) In
Rajshahi has also been found in 1969.



Drought Quantification 1n Bangladesh

Tihe precise guantification of dreught: is a difficult
task.

Adain, the dreught’ assessment methods developed
VEr are

Tiherefore, the assessment as Welll as; guantification
methoeds fior drought Used in ether regions: may: not
give the traditional resultsfin'Bangladesh;



Monsoon! rainfiall intensity: has been: decreased in
Dhaka, Comilla, Bhola, Faridpur, Chitiageng and
Cox's Bazar.

fThe. maximum' decrease N monsoen rainiall
INtEnsity, has beenr fiound in: Comillas Where the
rainfall intensity slope; Is -0.006: mm/hr/Vear:

Tihe, maximum: Increase. N monsoeen rainfall has
peen found in Chuadanga, where, the: slepe: ofi
rainfall intensity is +0.007 mmj/Ar/year.



> Spatial Variation of Seasonal Normallizead
ralrall lntensity

Rainf@alls intensity, maps: have Deen developed: to
demonstrate the spatial patterns’ of rainfall

IRtEnsIty:

Tihese; maps can be used te visualize drought
tendencies; throeughout the country.



The rainfalll intensities, characterizing
drought conaditions, are

0.00-0. 29" mmy/nK I pre-monseon,
0.00-0.45 mm/hr iR Menseon,
0.00-0.17 mmj/hr N pest-MoNsoen and
0.00-0.03 mm/hr iRt winter.

Winter drought is; prominent inr noskth-
West, south-west, south-east and central
iegion of the country.



Rainfiall. intensity, maps’ have, been  drawn
considering the rainfalll intensity: distributed
Unifermly: ever the area.

In" actuall case, the distribution IS not uniform
and tor account: for thisk effiect, rainfall iIntensity:
conteur maps have; been developed.



> Drought Area Inaex (PAL)

Drought Area Index is a method to qguantify
drought intensity: and the calculations ofi the index
depend on the prior month's value of dreught
IRtERSIGY.

Tihe values ofi dreught: intensity: have been plottied
adalnst mMmenths off a year.

The negative ordinates off these plots represent
Righer: dreught  Intensity, Whereas, the positive
ordinates indicate lower dreughtintensity. as well as
MO OCCUrrence o drought.

Thus, DAI gives a scale to measure drought
Intensity.



Using the, rainfall parameters mentioned! in Table
10, Drought Severity Indices have been
determined.

For example, the Drought Severity: Indices based
on quartile range for' Dinajpur are given as
fellows:

Cumulative Rainfall (CR)F < 1910 mm! — Driest
PErioa

1910 mm = CR < 21552 mm — Dry period

21552 mmi < CR < 71214 mmi— Near Normal
PEriod

71214 mm = CR < 98203 mm — Wet period
CR = 98203 mm — Wettest period



> Rainfall Anomaly, Percent from Normal

Tihe ratio; off seasonal rainfiall to leg-term: seasona
average, alser called nermal seasonal rainfal
Indicates the, departure or anemaly: off seasena
rainiall firomi the normal.

The ratier multiplied by: 100" then; indicates: the
anomaly percent frem nermal.

Iihe seasoens) having anemaly: less than 75%: have
peen termed as dry seasons while the, Seasons
with anomaly: mere than 125%: are, termed as wet
SEaSONS.



During post-monsoon; and: winter dry: periods are
more than the wet periods (Table; 12).

DUring post-moenseon, the percentages of dry.
years arel 36% 1 Dhaka, 56%; in Rajshahi, 36%: 10
Sylhet, 42% in Jessore and 36% 1n Chittagend.

Adgain, during winter the percentages of dry.
Periods are 47% in Dhaka, 50% in Rajshahi, 44%
I Sylhet, 55% inrJessorerand 61%: inf Chittagong.



Assessment off Drought: Potential 1n
Bangladesh

> Stocehastic' = (Ranaom)  Component  Time
Series (SCTS)

Stochastic Component Time; Series value fior each
year Is calculated by dividing the difference
petween total and" mean: annual ramiall By the
standaral deviation off rainiall fior each year:

Then these values of SCIS, have been plotted
against the considered period of time.



Stochastic Component Time Series Analysis in Rajshahi
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Figure 17: Tiemporal Trends off Stochastic. Component Time; Series in
Rajshahi



> Tihe prebability: of —

nigh: dreught' - highest in Comilla (61%) and the
lowest in Dinajpur (2%).

Moderate drought - highest in: Rangamati (70%)
and the lewest inr Comilla (56%).

low: drotight - maximums i Dinajpur (39%) and
the minimum: inf Comillar (5%), Satkhira (5%) and
Bhola (3%).



> Upper Confiaence: Level of Temperature ana.
Lower Confidence Level of Ralaiall

IR this study, 95%) confidence levellhas been used
to calculate; the upper confidence  level  of
temperature as well as lewer confidence levell of
raintall:

The concept used here is that IFf the lower
confidence; level' ofi rainfiall decreases and' at the
same time the upper confidence level of
temperature Increases, then the phenomenon
Indicates’ the, probability: of dreught occurrence.



In- Rajshani’ the lower: confidence; level of
Monseon rainialls has shown: the  maximum
decreasing trend, where the; slope is -10.12
mmy/year. This implies that moensoeen IS
PECOMING drier ever: time n Rajshal.



In. Chittagong, decreasing Lower Confidence
LLevel of rainfall and increasing Upper Confidence
Level of temperature give the evidence of
INCreasing possibility off drought: dUring; Winter.

On the other hand, n Dhaka, possibility: of
drotght during post-Menseon Nask DEceme; the
least due! to’ iIncreasingl tiend: off rainfall LCL ana
decreasing trend off temperature UCL.



Potential Adaptation Measures

The; study reveals that the dryness pattern
as become variable threughout the
country, thoughtin different scales in
different: lecations.

Special concentration shiould be given to
the dreughti prene agriculturaliliand.



> Adaptation; strategies caniinclude:

Strategies for adaptation need to be; developed
and Implemented inf a flexible way, iRl erder to
take Inte; account: fiurther progress of Scientific
Knewledge.

TIhe regions or areas, showingl decreasingl trend
. monsoen rainfall, should: get proper and
carefiul consideration fromi agricultural’ point: of
VIEW,



Recommendations for Future Research

Correlation: between temperature: and: rainfiall
changes can be analyzed for drought
assessment: inf Bangladesh

Comparisen canl be delineated amoeng existing
drought  indices’ (developed In  climatic
conditions; different  from: Bangladesh) and
developed drought Indices In this study.



Analysis, can be performed tor identify. whether
there Is any  specific drought movement
pathy/locus over the country, Ihe trend of drought
moveEment pathl can be used as Impoertamt
Infiormation: fer drought' warning system inr the
COUNCHY-

Drought damage matrices can be developed for
several drought affiected sectors.

Drought damages can be quantified  and
Expressed N economic terms with the helprof the
drought damage; cause factors developed in this
study.



Conclusion

Tihe study develops methods! fior' spatio-temporal
assessment off meteoroelogical drought:in
Bangladeshs

Tihe dryness andidrotight patterns in Bangladesh is
Variable:

Tihe prebability’ off drotught ranges firom: mederate; to
RIgh! in the colntiy.

Drought damagde curves asiwell'as drought damage
cause factors have been developed to address the
drought: damagde.



ihank you

mafizur@gmail.com
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