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FOREWORD

Bangladesh Red Crescent Society (BDRCS) has been working in the arena of Forecast-based Financing (Fb
since 2015 in partnership with German Red Cross (GRC) and technical support from the Red Cross Red
Crescent Climate Centre (RCCC). The goal of FbF was to reduce loss of life, livelihoods, assets and livestock b
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FOREWORD

Heatwave is a meteorological phenomena, which is usually found to happen in Bangladesh during pre-
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on the most vulnerable people of Dhaka city. This study gives us the possible windows to pilot heatwave early
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1. Background

Heatwave is a meteorologiceghenomenon with a period ofinusual eg&essively hot weather, en
coupled with humidity. The heatwave is considered angst one of the most dangerous Herds t
climate chage is catalying the increasing intensityna severity of the heatwave!/ §s already E ¢ v
havoc with severe impact ohuman health (such as heat stroke, heatfiaue¥n, dehydra¥on);
increasednumber of heat-relatedmortality; the impact of daily a¥ity, agriculture and goods and
service output etc.

Global temperature is onhe rise, and it has increased twice faster than in the previous centuries
because of climate cinge ~ O®, 2013+ Xn analysis coducted by NS  (Rorted that the  E § Zdbal P
surface temperature in 206was the secod warmest on the record with the record &°F (06 &C)
warmer than 1%1 to 186 imearf>. The recent analysis by 8 shows that the global average surface
temperature of 2020%d 2016, with an averagéemperature 1.8 °F (1.02 °C), as the @st year on
the record. This rise in global temperature igiected to conYiue and therefore we will witness an
increasingnumber of hot days will also cofiue increasing tZile the frequency, du EolY and
magnitude of unusual effeme temperature events globally are on the rise, the densely inhabited
agricultural regions of the Ganges ardlus basins are idv Yed as the hotspots of life-threatening
heatwaves in futurd < e« ¥hated by t HK ldround 125 million people were fiosed to heatwaves
between 2000 and 21%6.

German Red Cross is leading the filgand scaling-up of Forecast-basédafcing (FbF) globally.] &

the belief that many otthe humanitarian acns could be implemented before any disaster and thus
reducedhumanitarian impact, FbF works in &ipaYon instead of readon. h ingthe available forecast
informaYon and risk analysis, FbF reduces the impaatman su+ @gland losses caused byfEme
weather event§ German Red Cross and Bangladesh Red Crescent Societynitéh N Yns t orld

Food \Wgramme ~ W introduced Forecast-basedirancing (FbF) in Bangladesh 2015 Ler
successful implement®n of Fb& | on effeme ®ods and cyclones, GR@daBLRCS are looking
forward to deploying their knowledge and /& %se®Ed pilot Fb& | on the heatwave. Bangladesh
Deteorological Department (B ) is the key foreca%ig agency in Bangladesh. BDRCS has signed an
Do hwith the BDD for strengthening Fb& | ] vngladesh.

2. } 1 $he study

The current study is an@mpt to analyle the [historical] forecast data, study the impact, id¥y(the

available sources of fecast and propose thresholds, triggers and early¥ars to pilot anY patory
vn on the heatwave in Dhaka.

The .rst part of the report, sedbns three to eight inveXjate the secondary data on heatwavistress
and its impact, available forecastodels, sources of the forecast. Based on the available data, models

! /@C, 2013:ltnate Change 2013: Thédysical Science Basis. Contriba of t orkingGroup fo the Filh ssessment Report of the

/ tergovernmental\&hel on Gimate Change [Stocker, T.F., D. Qin, QMt@er, D. Tignor, S.K.llen, : Boschug, KXauels, Y. Xia, V. B&nd
W X Didgley (eds.)]. Cambridgemiversity \Wess, Cambridge jnited Kingdom and Nework, NY,hS |, 1535 pp.

2 h @sWdlimate.nasa.go\dimate resources | { i & idko-gobal-warming-from-15 6-t0-20186 |

% h @s Wwhvw.discovermagdne.comlenvironment | 1 il enters-therecord-books-as-second-warmegear

*h @sWdimate.nasa.gole 4ed ¢ |

®m,E.S. W, : S., &Eltain, E.  §017). Deadly heatwaves peated in the densely papated agicultural regons of South sia. Science
advances, 3(Q, €1603322

6 ZO% *WIIAAAX(}E *8r « r.v v JVPX}EPI

Feasibility Study on Heatwave in Dhaka




and menu of the forecast, a heatwave trigger model is proposed based cemtigsis of the available
data and informaon.

The secad part of the report, seddn nine analyses thendings from the .eld level assessment on
impacts of heatwave and needs of the vulnerable camity a+ected by heatwavdstress. This
assessment aims to probe into key impacts of heatwaves on the slpmgaors, rickshawanpullers,
hawkers, pedestrians of Dhaka and id¥ key measuregarly actns. The.ndings are based on the
response obtained from a sugy of 400 respadents, Focus Gup Discussions with slum dwellers, and
Key hformant hterviews with Government 8cials, pharmacy owners, doctors, City Corpotm

o 8cials, etc.

The proposed triggers, thresholds and early¥ats will be the base for pilfiglsimuo ng Forecast-
based Yn (Fb ) on the heatwave in Dhaka city.orth m v ¥ning, thekey outcomes of the study
has been vatiated through consulta¥ons with key stakeholders.

3. K i W, pproach and imita Yon

3.1 KoecY Aof the study
The current study is designed to contribute to two core areas of the heatwaiFhakat a) develop
triggers and threshold, b) idv Y (the impacts of heatwavistress, especially on the vulnerable
popuo on of Dhaka city and propose early Yaos to minimie the impacts. This can later be
e AEapolated to other urban areas of Bangladesh. The kega¥es of the study are to:

= # vY(cgedible sources of forecasts (temperature amamidity) on heatwaves at derent
Ynescales (lead¥ne) and resoltion- when

= Develop heat indg&nd idenYy( relevant thresholds to trigger early 3ns-when

= f vY @¢Glnerable areas to pilot heatwave early &ms in Dhakawhere.

= f vY @@nerable graps and propose early abns t what [for whom]

3.2 pproach
The approach of the study is based on the twd n¥t areas of quest of the study. The sadary data is
reviewed to design anodel for the trigger, thresholds; whereas primary data has been collected
through . d survey using structureduesYonnaire in KDK form, Focus Gup Discussion andey
hformant hterviews to id v Y (te impacts on and early a6ns for themost vulnerable people in the
Dhaka city area.

Key components ahe approach of the sidy indude:

= Reviews and analysis of sadary literature, climate data and satellite imageries.

= Heat hde Aalculation and compare it with /& Ygrthresholds (e.g./ DDR,BY la@Heat/land
~h) / +ect incorporation, and thresholdsighed with impact evidence determinn.

= f vY (te areas for interveMdn by superimposing slums over the urban heat islands, which
are derived using théme-series satellite data.

» Trigger and thresholds have been proposed to¥ate forecast-based early a6ns.
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» mpacts of heatwave and needs of the vulnerableugsohave been idv Yed by engaging with
400 respmdents from the vulnerableammun]Y « X

3.3 >Jul]s Ylv
Due to the limita¥on of the available data related to satellite-based inforia and imagery for the
heatwave and lack ofoenprehensive data on the impact offgeme heat, the study st & from the
following limitaYons:

= Data on the health impact of fEeme temperate andor heat stress in Bangladesh is limited.

= Due to the shortage of Satellite datiring the heatwave dayshe quality of analysis has been
su+ (Eto some efent.

= Satellite-based land surface temperatur&T) and observed air temperature always havees
di 4erences. -orts have been given to minirki these errors.

4. De.niYn of heatwave

Globally, there is no formal, standafed d .n]&n and threshold for the heatwave that is applicable
everywhere. Dierent counY and organia Yons de.ne heatwave dierently, but there is ainanimous
agreement that it is characteled by overshoong the temperature above the normal range.orld
Deteorological K@Enila¥on d .nes a heatwave as 5 or more consi e daysduring which the daily

m Aum temperature surpasses the average fEmum temperature by 5°C&F). t Zile developing
operaYnal d .n]¥ns, di+ E eadntries have adopted their own standards with the variance of the
temperature range, its dur¥on andlor consideran linclusion of diterent components of weather.

Sthe point while ambient air T e Aeeds 35°C, thehuman body can no fger shed heat to the
environment, rather start gaining heat from the air. Hence, 35°C is demsl the threshold beyond
which the human body sps coolhg itself adejuately which could be fatal even for healthy people.

The /W Glossary describes heatwave as “a period of abnormallyusedmfortably hot weather.”
Based on this, the D K Commission for Climatology Task Team on thenD¥on of AEeme t eather

and Climate Events (2@Lfelt the need to adopt a standard approach that will allow database inter-
operability and consistent analysis of heatwave at the global and redievell Hence, the Task Team
d .ned heatwave a$a period of markedinusual hot weather (m@num, minimum and daily average
temperature) over a region%. dhelat Yeast three consec¥e days during the warm period of the year
based on local (stsn-based) climatological od ] ¥ns, with thermal cod ] ¥ns recorded above-given
thresholds.”
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study caducted by Nissan et al. has tried to dhe heatwave for Bangladesh, “that requires elevated
minimum and mafpm daily temperatures over thé&™ percenY ofor 3 conse p YeAdays, conrming
the importance of rgh «me cand ] ¥ns for health impacts’”

/ DR,B has developed a heat indlreshold using the formula by K and proposed to use it for 2
consecuY é days instead of 5 days ched by the t D K considering the contdEof Bangladesh. To
develop the heat-health indéZ DDR,B has used the formula developedhsy NK

BangladeshDeteorological Department (BD) has classi d heatwaves into four categories based on
m Aum temperaturet types of the heatwaves are captured in the table below:

Table 1: Heatwaveo <+]. YyBMD

Temperature range Type ofheatwave
36-38 °C Dild heatwave
3840 °C Doderate heatwave
4042 °C Severe heatwave
>42 °C fEeme heatwave

e observed from the above analysis,

in terms of the heatwave in
Bangladesh, the threshold for Heat Wave thresholds

heatwave starts at 36°C. This directly , , <
links with the adaptability of the Daily maximum temperature at 2m < 38°C

human body to the tenperature of

ambient air, i.e., T 35°C which is 38°C <= Daily maximum temperature at 2m <
considered the threshold beyond 40°C
which the human body stops cooling

itself_: For __the purpose of 40°C <= Daily maximum temperature at 2m <
pilo hglsimuo ng heatwave early 42°G

Yn by BDRCS and GR@& will
consider36°C as the reference point to , _
start closely monitoring the event and - Deily' mexirmim tempersiuliy gt >= 42X
send an alert to the internal team
(please refer to the thresholdecYon
for further details).

5. Seasonal vari®n in temperature in Bangladesh

Bangladesh has a subtropical climate and has thrgendt seasons with aol and dry winter fom
Ktober to February, hot summer fronbarch to Day, and anonsoon season fromune to Kctober.

” Nissan, H., Burkg K., Coughlan d&tel, E., Van alst, D., & Dason, S. (2017). Deing andpredic Yhg heatwavesn Bangldesh. : birnal of
_pplied Deteorology and Climatlogy, 56(10), 2653-2670.

° Dallik, D X. K., et al. (2020), Study on Heatwave #sd hermodynamic Featureser Bangldesh using Numical t eather \\edic Yon
Dodel, riterna Y hal ournal of Sciece and Business

Feasibility Study on Heatwave in Dhaka

04



(a b
351 18 95
Maximum

16 190

Mean 14} 85
IE a0 ?
[5) £ o]
< 25F Minimum E 10 =
@ -
s § 75 2
g 5° -
=% =3 170 ¢
520 g 6 £
2 =
= Al Humldlty Precipitation/Rainfall {65 &

15 2F —ao

0 ‘55

10 . : : - . : <2 . - 50

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

o
o
un

— VAN e Linear (MAM)
7 c) 40 y=0.0124x + 12315
?;5 ‘;’n 35 d)
£ S 3
25 7
e £ 25
Fl E 20
5 &
3 3 T 15
-] F- RN | PP AU B N B B PN RSN 4 FPPPPR PRPPPPPPPE PPN PEPPPE B PEPERRRE TETY EEREEE TIT
32 g0 ‘ ‘ |
1 5
) I . m W o I rllw |N|Jr -I ||N|¢| N|¢|
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Egﬁﬁgggﬁﬁggéﬁﬁéggﬁﬁﬁﬁﬁ
FHgure 1: Smoothed seasonal cycle obuntry monthly (a) m mum average, minimum average,

average temperature, (b) nafall precipita’on and r o Wé humidity, ¢) number of days crossed°36
Celsius in 220 and d)number of days crosse86 degree Celsius iarch, pril and Day from i &6 to
2020°

*shown in.gure 1 and based on our analysis of daily three Goimferval observed temperature for
44 years (fom 1&2 to 2016 for Dhaka stén) we faund that pril, Day and : per are the ha@st
months in Dhaka when a heatwave is most likely to hit the d#iits of the county may also & %onc¢E ]
higher temperatures in ugust, September andK tober, but it might not reach the level of a heatwave
due to a higher amont of rainfall. ~ €Eent observabn from BDD ~gure 1c and 1d) shows that there is
a growing trend of hedtemperature from mid-Darch to the end of September. However, the hot days
are reducing in Dhaka lar the month of : u& ~gure 1c). For the in] Y pilo Yag purpose, we are
considering pre-monsoon season X Pril to une to implement the heatwave early .

6. D w of Forecast

heatwave is an #éEeme weather event, and its severity depends mainly on the level of temperature
and humidity, while other factors mightggravate the cadi Yon. Forecast for temperature arfdimidity
is available at both global and Monal level models with dierent lead Ynes and resoltons. The
below-menYoned secbn eAnines the forecast available at the global andYmal levels and thie
skills.

6Figure a & b from Nissan et al. an& d from Bangladesibeteorological Deparhent
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6.1 Forecast vailable at Globalkevd
Sthe global level, forecast for temperature ahdmidity is available in EBt F and GFBiodel at 6to
27 km resolu¥on. The following table shows the availability of weather forecasts at the global level
lead-Y¥ne and resoluon.

Table 2: Forecast available at global level wil+r E v3 o and/@& s}ouY}v

Lead time Forecast agencies Model  Access Widow Resolution Format Downloadable
10 days ECDt& ECDt& t Indy oknmr? Raster No
10 days N K GFS  t]ndy, Ventusky 27km'  Raster No

* See annedte for forecast window

6.2 Forecast vailable at®calln Yonal zvel
Sthe locallnaYonal level, BangladesiDeteorological Department (BD) provides temperature and
humidity forecasts in NW tZ &and GFS models at 3 @7 km resolun. The following table
summariles the BDD forecasts in terms of scale, ledthe and resolton. Thaigh the forecast fom
BDD is efiected to be with a lead¥me of 5 days and 3 days, those forecast datalgleaded to the
server about 10 hours laterh reality, for anY patory ac¥n, the availale lead Yne could be 4.5 and
2.5 days respeWely.

Table 3: Forecast available at lotal Y}veo o Jv ]+ E v§ o Yu U & «}opuY}v MD A Jo o u}

Lead time Forecast agencies Model Access Resolution  Format Downloadable
Window
10 days BDD GFS BDD website 27 km* Raster No
5 days BDD tZF  BDD website dkm* Tabular ~ Copy-paste
3 days BDD tZF  BDD website 3 knt* Tabular ~ Copy-paste
2 days BDD tZF  BDD website hpaliila lert No

*See aine Are for forecast widow

For the purpose of the pilot, we will useD B t RF model withdkm resolud¥on and lead¥ne of 5 days (in reality
4 days) with skill described in the below $én.

6.3 Skill of the vailable Forecast
Forecasng skill for temperature has been calculated foDB[ stabular t RFmodel forecast data of
Dhaka stavn at 3 KD and 8K D resoluYon from the period of 1Darch 2020 to 2 pril 2020. Daily one-
hour interval tabular forecast data was collected from thd B website ad the daily m AApm
temperature has been considered to assess the skill of the forecast. Hatee Rate (FR) has been
calculated uimg threshold-based method whel&7°Cwas set as the threshold.

1% h @s Wihivw.ecmwi.intle v forecastsl ocumenta¥ h-and-sugport

! h @sWwhivw.ncdc.noaa.goV _ta-acessimodel-dat_Imodel-dataset » tlobal-breast-system-gfs
2 h @sWhlbg frands-fus¥er.fr le v houveau-modele-gfs-a-rmibe- 11 fi |

¥ h © %0 \BRLUB3 6 Xfdrecasts

Yh © %0 \BRLUB3 6 Xfdrecasts
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6.3.1 Fal® Alarm Rate
In weather forecadhg, the false alarm rate (FAR) is th€ onVYof false forecasts/warngs (to the total
number of warnngs). According to Barnest al. FAR is the ( E onYof forecasted events that did not
occur. FAR is one of the key metrics to verify weather forecasts/mggnmeanmg how many weather
forecasts/warnings did actually observed/reported to the total number of wangs/forecasts.

FAR helps tonderstand the skills of the available forecast and wagraccuracy.

To calculate FAR, the below formula is widely used,itais deplod to use in the current study:

Table4W &}E 3§ «lJoo d°po Y}v u} o

Forecast

Yes No

Observed eent  Yes X Y
No Z w

Where X is thenumber of Ynes of weather event forecasted and the event actually occurred, Y is
missed forecastyut weather event occurred, Z is tireimber of Ynes the event forecasteblut actually
missed and W is the number dimes forecasted the event will not occur and actually the event did not
occur.

False Alarm Rate = m

Where Z is thenumber of weather events forecastedut acually missed, X is thaumber of events/\mes
forecasted ad happened.

The following table summarizes the skill of forecast provided Mip.BAs shown in the table, FAR and
lead-Y¥ne has a pos¥e rel Yon - the loger the lead-¥ne higher the FAR. The FAR has been calculated
using a threshold method considering 3@&&Cthe threshold.

Table 5W &}E 3 +l]Joo ~& Z+ }( D ]Jv lead® w3 E <}ouYlv v

Lead-Yne (days)| Day 3 (actual 2§ | Day 4| Day 5 (actual 4
FAR 0.58 0.62 | 0.67
*See anexure for details of the calcufd} v

As we are proposing to implement early ¥@a 5 days ahead of the event, we will consider the FAR for
the last 3 days i.e., day 3 to day 5.

The above table means that if the forecast from BMD shows that the temperature will crossrB#€ o
third day, there is the possibility that 58 out of 100 forecasts will be falsethediourth day, it will be
62 Ynes and for the. L Zay, there will be 67¥nes false out of 100fmes forecast.

'*h @s://journals.ametsoc.org/di/pdf/10.1175/WAFL031.1
16 Though, BMDhas the system to giveforecast with 5 days and 3 days lead titadnbost a @y is lost to upload it on the server and make it
available for the pwlic. Hence, the actual leadtime is 4 and 2 days resmdygtiv
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7.0Health impacts of high temperature

During a heatwave increases the health hazard. However, literature on the (eeadtlsocio-ecoomic
impact of heatwaves and extreme temperature in the context of Bamglads very scant. Nissan et al.,
L @halyzing the ndnwide death cants collected from Sample Vital Regisibn System, concluded
that during the heatwave season, the death rate increases by 20%. Moreover, there are some media
reports that point out the adverse impacts of temperature and heatwavebwnan health. For e.g., on
24 April 2014 Dhaka Tribuneported that about786 pa¥nts were admi@d to the InernaYonal
Centre for Diarrheal Disee Research, BangladediPDR ,B) hospital withii24 hours and about
60% of themwere infants suwering from water -borne diarrhal disease¥.

A video documentary prepared BC media adon reported that nealy 3500 people died in
2005due to diterent heawaves in Bangladesh

In 2003 at least62 people died dued heawaves acresBangladesH.

7 h @s:/lwww.dhakatibune.com/uncategrized/2014/04/24/capital-experiences-highest-temperature-in-fers
18 h @s://web.facebook.com/bbcamraipi 8cial/videos/1909520232661607
% h @s:/www.newagebd.net/artle/84885/frequentiong-heat-waves-reduce-moasn
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8. Trigger and Thresholds

8.1 Heat Index

Heat index, also known as the apparent temperature, is what the temperature feels like tmuman
body when rela¥e humidity is factored in with the actual air temperattfténhile analying heat index
data and its impact, we observed that the proposed threshold 8f@&rcenY oy Nissan et &' isquite
high considering the impacts observed at that level (e.g., table 6).fWber analyzed the below
heat index ad thresholds proposed by the Interné@nal Centre for Diarrheal Disse Resarch,
Bangladesh (CDDRB) (Fig. 2) below. The thresholds (¢an, low danger, high dangernd
extreme danger) proposed byCDDRB also didn't exactly eoespond with the impacts that
were awilable (bold faces indexale in heat index and table 6). fact, impacts ppear much
earlier- from 35 °C to 39.5 °C and corresuting heat index of 38 to 45.5 for Dhaka. Howeveévi[B
has not developed any heat index-based heatwave forecast.

Figure 2V W E} %0}  Ereshdld by/ADDR'B

The impact, considering the available source and matched with thpogem heat index proposed by
ICDDR,B, it is dimd that the impact starts even below the low danger level. Then we tried to izt
the other factors which may govern the impact and werfd urban heat islands may be one of the
factors in@encing the impact of the heatwave. Based on the hypothesis that heat istapavates the

2 h @s://www.weather.gov/safety/heat-index
# Nissan, H., Burkg K., Coughlan de Perez, E., Van Aalst, M., & Mason, S. (20InihgRendpredic Yig heatwavesn Bangldesh. Jaurnal of
Applied Meteaology and Climatlogy, 56(10), 2653-2670.
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heatwave situabn, we tried to .nd out the impact of heat island on the heatwave. It is eixeld
below.

8.2 Heat Island
Heat island also termed as Urban Heat Island (h&eedJHI) are the places or areas that have higher
heat/temperature than surranding areas. UHI generally occur in urban areas where heat ppdda
because of lower transgE oi¥2 To id v Y (i@ urban heat islands, werst calculated the land surface
temperature (LST) of Dhaka from satellite imageries (see annexure failsdef LST calcutan) and
used the eq Yon m v ¥ned below.

o
UHI = LST > p+

Where,u is the mean and is the standard devisn of LST.

However, to make the UHI &nate more precise, we have used full standard débrarather than half
of it.

UHI = LST > pu+ o

Figure 3W &S Yu%}E 0 ]*3E] puY}v }( HE v Z § ]s0o Vv ~h,/s

2 h @s:/Iclimatekids.nasa.gov/heat-islands/
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From .gure 4 below shows thegaregated heat islands of three years (2017-2019). Further, it is then
superimposed with the slums in the city. The resultafre, as shown ingure 4, is the distribdon of
slums in the ggegated Urban Heat Islands in Dhaka. Tipeoming pilot on heatwave early a6n in
Dhaka City will be selected amgst those areas.

Figure 4: Heat Island with & }puv EC ]Jv Z | D S§E}%}o]s v &
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8.3 HeatIslan ect
It has been fand from recent studies that surface temperature is higher in urban areas than in
surrounding rural areas for aaumber of reasons, including the concertgd release of heat &m
buildings, vehicles, and doistry. In the United States, the urban heat islané ct results in dayne
temperatures of 0.9°-7.2°F (0.5°-4.0°C) higher and «igé temperatures of 1.8°- 4.5°F (1.0°-2.5°C)
higher in urban areas, with higher temperature+diences inhumid regions and in 1Y with larger
area and denser gmu o ons. The urban heat island+ ct is expected to ggavate in the future as the
structure, spa¥Y extent, axd popu o oh density of urban areas is growiigOn a hot, sunny summer
day, roof and pavement surface temperatures can be higher than ti& Biecause of the impervious
surface and/or higher® eGon of the pof the temperature starts rigg as it is trgped in those areas.
So, people who work outdoor/on the gunad, roof, or on the road and those groups of people who live
in slums or on the street are most exposed to the UHIcts.

To calculate the UHI + ct, we compared the dierence in the ambient temperature KD observed
data) and the land surface temperature (LST). Forphipose, we used the lbdsat 5 TM sensor and
Landsat 8 OLI-TIRS sensor imageridafi erent dates from 190 to 2016. All images were taken by
the sensor arand 10 AM of the respe¥e day. We calculated the LST for each of the images. We also
derived 3 hours interval air temperature from BMD data for the same datesuaad the maximum
observed temperature in those three hours (between 9 AM1®AM). Then we subtracted the air
temperatures from LST and calculated the mean and standard daviaf the di4erences; as shown in
table 7.

To get a higher level of accuracy we calculated UHI adding the full standard@rewah mean, and we
subtracted half of the standard dgvdn from the mean of dierences between LST and air
temperature. The equYon is as follows -

o
UHI Effect= u >

Here, uisthe mean of the di E g and o is the standard devi%n of the diterences.

Table7’W h@& v Z § ]Jso v ~h,/e + § o0 po Y}v

Year Maximum LST Air Temperature Di erences

04/29/1990 32.47 30.20 2.27

04/01/1995 31.25 32.40 -1.15

03/10/2001 35.66 30.40 5.26

03/02/2004 38.02 30.00 8.02

04/25/2006 37.24 32.80 4.44

03/27/2007 43.36 33.60 9.76

04/14/2008 33.27 31.90 1.37

04/01/2009 31.25 29.60 1.65

04/07/2011 37.63 32.20 5.43

03/30/2014 44.73 36.20 8.53

03/17/2015 34.27 32.10 2.17

04/20/2016 33.07 32.50 0.57

Average/Mean (u) 4.03

Stendard DeviaY # ( o) 3.30

UHI Etect (To be dded with air temperature) 2.38

*See anexure for LST map

% Hibbard, K.A., F.M. Hman, D. Huntzinger, and T.O. West. 2017. Chaingead cover and teestrial iogeochemistry. In Climate Science
Special Report: Foth NaY hal Climate Assessment, Volume | [Wuebbles, D.J., Dh#y,FaA. Hibbard, D.J. Kken, B.C. Stewart, and T.K.
Maycock (eds.)]. U.Sldbal Change ResearchoBram, Washington, DC. pp. 277-368i: 10.7930/J0416V6X
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8.4 Impact Based Heat Index
As discussed in s&6n 7, anecdotal evidence shows, health impacts of temperature starts much earlier
than the thresholds proposed by Nissan et al arldOR,B. Moreover, these thresholds have not taken
into accaint the UHI, which is one of the keygav Yg factors. Hence, to avVate heatwave early
Yns in Dhaka, we developed thresholds using the following method:

- Calculated the heat index with temperatures amamidity at which earlier impacts were observed.
(Sec¥n 7, table 6) [without UHI éect]

- For the same imgcts, we calculated the heat index by incorpdig UHI e+ t on the air temperature.
[With UHI etect]

- Calculated the dierence in heat index with UHI+ ct and without UHI + ct to calculate the mean of
di terence (table 8).

Tabe 8: Impact of UHI on heat ind8x

Parameter Impact
Temperature in C 39 36 35
Humidity in % 20 55 50
Heat Index 37.99 4551 40.68
Heat Incex (with UHI e ect) 41.39 52.88 46.83
Di erence 34 7.37 6.15
Mean of Di erence 5.64

*Based on previous impact data

- TherealL r, we subtraded the mean of d erencesfrom ICDDRB proposed thresholds (Fig. 2)
to cons¥ute the threshold for lo ¥hg forecast-lsed early acYon for the heawave in Dhaka.
The fdlowing .gure is the heatridex threshold thatwe are proposing for the pilot.

?® This table is based on the three-impact data that was abklto nd out the impact of UHI on heatwaves
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Figure 5W E} %} Z 8 ]v & S$ZE +Z}o » ~A]8Z h,/ + §-

8.5 Stages of Triger for A&¢ Yon of Early A¥Yn
We have id v Yed three heat index thresholds38, 42, and 47 for medium, high and extreme
heatwaves respelely. As shown in table 6, the health impacts of heatwaves start at a heex iof
38°C. Therefore, we have chosen thisEar threshold to pilot forecast-based early ¥ns in Dhaka.
However, temperature below 36 degrees \c§rade will not be considered (even if the heat index
reaches 38°C or higher).

Two stages of trigger have been proposed here: (i) Piéaddn — targeted behavioural emge
communica¥on and readiness foreld intervenYon; and (i) YaYon — ac¥ate EAP. The criteria and
lead ¥ne of each stage of triggers are described in table 9.

Table9:*3 P }( dE]PP E (}E YA § W

Pre-activation/Readiess Activation

Lead 10 days 5 days (actual 4 days)
time

Citeria  Source: ECMWF and GFS glotadel Source: BID WRF model 9 km resolan
Forecast: Temperature will cross°3Zelsius  Forecast: Temperature will cross°®7 or
and heat index will cross 38 and remain for 2 heat index will cross 38. For both cases, the
or more conse | We days. cond ] &n will remain for 2 omore
consecu¥e days.

Activities Mobilize resources and proceed wil Implementa¥on of Early AYns (for pilot
procurements, Awareness Ragi and phase -50 hawkers in 1 or 2 spots,0Q
Behavior Change CommicaYn (ABC), rickshawpullers and 300 stdents)

volunteer training
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Lead time: 10 days

Checking the weather forecast

Does the maximum temperature >37°C
for >=2 consecutive days?

Keep Monitoring

L YES

Checking the heat index using weather forecast

Does the heat index >38
for >=2 consecutive days?

l YES

Lead time: 5 days
(actual 4 days)

Checking the weather forecast

Does the maximum temperature ISTILL>=37°Cduring this
potential heat wave event for >2 consecutive days?

OR

Checking the heat index using weather forecast
Does the heat index iSTILL>= 38 during this potential
heat wave event for >=2 consecutive days?

YES

Activation
trigger

Cancel Process

Figure 6:W E}%}+ SE]PP kEatsa@®}3} }o (}E

9.0Impacts of heatwave and needs of most vulri#eacommunities

This part of the report analyses the data on the impacts of heatwaves andettdsrof the vulnerable
community that was collected from Dhaka city. It proposes earlyvas to support the vulnerable
families reduce the impact of the heatwave. The data was collectedigir&ocus Graop Discussions
(FGD), Key Informant Interviews (KlIs), survey with 400 respondentsdiigcluckshawpullers,

pedestrians, hawkers, slum dwellers, Governme8tials, pharmacy owners, doctors.

Feasibility Study on Heatwave in Dhaka
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9.1 Data Colledy h Methods
A total of 20 BDRCS R@Ninteers were trained on data colléon through KoBo using mobile to collect
survey data. A total of 400 respdents were interviewed (100 represéhg each group-rickshaw/van
puller, hawker, construdn worker and pedestrian). For each gpp 80 respondents were interviewed
on their experience with heatwaves where28 respadents with general informaon for comparison.
This survey helped to gather some data on heatwaves and analyze the datd tut informa¥n on
heatwave impact orthe commnunity, life and liveliood of peopledue to heatwaves and to idv ¥
possible interv v ¥ns to reluce their vulnerability.

9.2 People who are disprop@®ias o Czcted by heatwave
Heatwaves are most likely to+ ct people who work or live outdoors. The heatwave cts people
especially who work outside (rickshapuller, van puller, street hawkers, constrién workers,
agriculture labourers), children and elderly people because of their age and dependadcglim
dwellers as slum area are ovepgdated and cogested.

Beingunder the sun or in an areaith li @e airmovement, can increase the apparent temperature, and
thus increase the risk for adverseets from the heat and humidity.

With the same temperature and humidity, people from the same town miget + ted
disproporYonately depending on various fac® Some of the reasons for being + &d
disproporYonately are -

0 Hnancial capacity

o Occup Ynal %e@

o Living cod] &n

0 Age & Dependency

9.3 Heat islands in Dhaka City
The Land Surface Temperature (LST) maps show that there are a few pockets where the calculated LST is
higher than the surrainding areas. The amparison between the LST maps and earth imagery shows
higher temperatures in the areas with hidpuilt-ups. Badda, Gulshan, Kamrangirchar, Mirpur, Gabtoli,
Goran, Bashabo, Tgi, Sahid Nagar, Babazar, Postogola, Zura Hazaibagh, Jatrabari, Saydabad,
Kurmitola, Azampur, U@ra, Kamarpara, Molmamadia housing area, Adabar, Farmgate, Tejkunipara,
Nakhalpara, Mohakhalgtc. areas show high-temperature value (29-3€)%on average. Thugh the
analysis, the idv Yed average urban heat island (UHB ct for Dhaka city is 38 C. This is to consider
that the satellite image was from 26 to 2019 and was not repres ¥ig the exact¥ne of the heatwave
as the satellite passed over Bangladesh a few days ahead of the heatwave.
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Figure 77h@& v Z & Jeo v ]Jvs - 3§ }(-Ziild ]8C ]v Tiin

9.4 Exposed and vulnerable popWa} vinteracYon between exposed and

vulnerable elements/ populYn/ segment
Heat island analyses show that the denselpylated areas like slum areas gy@ened to be the areas
with high-temperature zones. People living in slum areas and the peapldng outdoors are the most
vulnerable grap. Densely ppulated area, lack of proper vevioolY, low height of the roof, housing
material, increased load shedding, lack of accessibility to the proper health system, lack of
greenery, lonincome, theunhygienic living cod ] ¥n makes them most vulnerable to heatwaves.
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In the FGD, people mevned how they try to cope with excessive heat or heatwavesndat of the
cases, they meibn that they use hand fans, try to stay in an open and airy placeaidsiécmgested
places, take more watemal liquid foods, cover their body with wet towels,Len wipe their body with
wet cloths. Some of them take showers seve¥ales a day. Those who have shops, close their shop
between 12:00 pm to 3:00 pmiue to extreme heat. Rickshaw and vaullers also &oid working during
these hours.

While interacthg with the canmunity people, some of the major findings are-
= Health impact: People in the comomity menYoned skin disease, fever, cold, heat stroke,

( Yue, an increase of water-borne diseases (diarrhoea, cholera etc.), defoygnaspiratory
problems during
Impact on workinghours and incomelmpac¥g daily income of labourer/rickshaw/vasuller
group due to loss of working hours. Most of the resutents of this grap m v ¥ned that
they are forced to skip work between 12:00 pm t0@Bpm dueto excessive heat outside
Increase in health expendituréMost of the slum peple menYoned thatduring the season of
excessive temperature, their health expenditure increaselie to increasing
events/occurrences of disease they mémed.
Trigger other hazardsExcessive heat makes the amgated ¥h get highly vulnerable to catch
.re and it increases.re incidence in slum areas. Excesdiemperature helps the fire get
spread rapidly over the whole slum area.
Impact on students: Students sw @om lack of concentrdn and heat ekaus ¥n due to
excessive heat in the sobl

Thepharmacy ownersguring the Focus Gup Discussion, mefned thatduring heatwaves their sell
of IV sahe and oral saline increases by almost thréfmes than the regular sell which verify the
statement of the community people of geng a+ected by diarrhoea/choleraluring heatwaves and
increased health expenditure.

According to doctors orduty at the emergency wing/department from dérent hospitals,during
heatwaves, they mostly receive adult ¥ nts from the streets as parents are prot&e about kids
going outduring excessive heat. Most of the heatwave related¥ats belong to lower-income groups
of the soci¢y. Usually, the pYnts came to the hospitals with symptoms of heat exh¥urs and
d ZC & YRedumber ¢ %o n¥ with heat stroke is low.

9.5 Heat stress vis-a-vis livelihoods and other aspetsocial life
Heatwaves have derent types of impacts on the human body and mind. This can selyeimpact the
life and livelimod of people who are exposed to heatwaves. Heatlardor example, aects not only
health but also ecommic produ Yity at the individual level, pEMarly in low-income gnaps who are
daily labourers. Théurden of costly health treatment in the city area and the loss of proditg due to
illnesses would push thesegrer groups into further pverty and vulnerability®

Heat stress-iduced severe health related issues have been increasingpoSgoing children have
reported cases of faihg, vom] Ng, falgue. The spreading of Diarrhea and Cholera incrediseso the

% RabbaniGA.AM & Rahman, X & Islam, Naza. (2011). {imate Change Implic¥ hs for Dhaka City: Need for Inmediate Measures to
Reduce Vulnerallity. Redient Cites: Ci¥es and Adaptabn to Climate Change rdeeadingsof the Gldbal Forum 2010. Local Sustainability.
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consumpYon of unhygienic dinks while the heatwave is spimg on the heat islads. Thaigh heat stress
does not directly cause Diarrhea and Cholera, these are the consequence of extrentbahgseople

are su+ ifif. Another most comon heat-related disease is skin disease. During summer the outbreak
of skin diseases is another mosihamon heat-related problem.

9.6 Survey Analysis Output
The survey data were analyzed to develop a haseif FbF response for heatwaves. Kaglings are:
Around 86.56% of the respadents (n=820) said that they feel h@r than the previous years.
But 84.® % of the respondents have no idea abuaiat the term ‘*heatwave’ refers to.
The rickshaw/vampullers travel 7-8 km of distance on an average from their garage (surveyed
rickshaw/van pullers are working on an average of 8.5 years).
The average working hours for a rickshpuller is 10 hours/day and their average income is
BDT 650 — 700 per day.
During the heatwave of a pEMar year, people fell sick and conltigo to work for about 27
days on average.
Around 3.12 Hours have been lodtie to heat exhas Yon.
Around 82.81% of respondents said that their healthcare expenses increase by BDT 535 on an
average.

From a comparison group of 80 respdents, it was fond that amag them 64% of the total

respandents said that they feel sick more frequently withielient diseasesluring the summer season
compared to other seasons. Abo8tl% of the respodents said that their healthcare expenditure
increases in summer due toore frequent illnesses.

Figure 8:* e}v Ale ] Iv oe % E Vv3 P (}E 3Z E *%}v Ve

All these respndents were asked generajuesYons not specied to the heatwave. This helped to

id vY (\hen most of the respudents fall sick without@E @gYo any specic disease or illness. The
data was then further analyzed based on each group of medgats and with dierent age graps to

.nd out the relaYon between heatwave and their income and health expenditure. We also trieddo

out if any early adn could reduce the impact on their liietiod and healthduring the heatwave.
According to the respudents, they lose about 2.87 hours (average) daily in the summer season from
their working hoursdue to heatwave which led to the losses of their income, or they hadvdok
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add] ¥nal hours to makeip for their daily loss of income. The followingure shows the redu®n of
income due to work hours loss for those respdents (n=105, of the total 320 respdents) who
reported the loss of their daily inconguring the heatwave in the survey.

REDUCTION OF INCOME DURING HEATWAVE (%)

Rickshaw/ Van Rier %

ConstrucYbn worker 4% 13%

0% 20% 40% 60% 80% 100%
B Reduced <25% m Reduced 25%-50% ® Reduced 51%-75% m Reduced 76%-100%

Figure W W & v3 P }( E u Y}v }(]v lu }( ]+ EEJSPEZ.%AVAVS PE}U%

The .gure shows that ammg the rickshawpullers who reported a loss of their daily income, 42% of
them lost less tha25 %, 56% lost 25-50% and 2% lost 51-75% of their daily incoméarlyi Hawkes
and Construdon workers also reportedmut the percentage of daily income lossksing the summer
seasondue to heat stress. For constrian workers,13 % of them somémes had to face a total of 76-
100% loss of their daily income.

The constru Ybn workers are mostly paid daily based on their regul@radance and assigned tasks.
They also need to work extra hours to cover the task that they midsgdg noon or while resthg to
save themselves from the heatwave. Working extra hours to cover tladly thcome takes a toll on
di +erent working graips by impachg their health due to workload. mong the 320 respadents, 216
people said that they face health problendsring heatwave/summelime. People menvned cold,
fever-induced flom heat and excessive swetigand d ZC & Yhe #llowing chart gives averview
of health-related problems melbned by respodents from di+ rent occupa¥nal graips.
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Figure 10;, 03Z % E} o u E o § 38} Z SA A ~9.

About 83% of the total respamlents (n=320) fsm the study grop said that their expenditure for
healthcare increaseduring the summer season for ei (E he&lth issues. The following diagram shows
the percentage of respondents who have said that their medical expenditure for themselde®ran
their family has increased (for both viag doctors andpurchasing medicine) who are using-ient
means to cover that addbnal expenditure which includes loan, reddn of other family expenditure,
spending their savings, increasing watkihours br add] ®nal income, gexng involved with other
income g v EorYacVi¥s etc. Most of the respwlents spend the Ide savings that took them
months to save.

Figure 11:t C 8} ipe3 ]1Y}v o Z 083Z & A% v ]SuE
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Most of the respadents do take some ih®¥e by themselves to protect themselvesiring hot
summer. Most of the respudents from all graps do prefer drinkig water and taking rest in areas with
shades orunder trees. They do use thetamcha(locally made towel) to cover their head and wipe
themselves when swe¥ig. In the analysis, it was fod that most of the respodents who mentned
visi Yag doctors/taking medicingluring a heatwavere the ones not taking any or most of those above-
menYoned in] ¥ Wes. Only 9.26% of respdents who are visihg the doctor/taking medicine drink
water and take resbut none of them use umbrellas or caps to protect them from the sdagcbun
while working. Arand 26% of the respndents anong the same grap drink waterbut they do not take
rest or use anytimg to cover their head. Which can prove that drimimore water, reshg in a shed,
using an umbrella/cap to cover their head etc. helps them protect themsdtoas the direct health
impact of heatwaves and which could lead to less sickness, less health experisssalods of income
due to work hour loss.

Figure 12:Z *%o}v v3e % Ee<}v 0 Jv]Y YA ¢ 8§} % E}SA A 3Z ue oA« puE]JVP Z §

In the survey the respuwlents of diterent graps also id v Yed the assistance they require to
overcome the addional cost and théurden incurred because of their addinal expenditure. Arond
64% of the total respondents (n20) require assistance to accegmrre drinkhg water during
heatwaves. Arand 51.25% of total respodents menYoned that they require umbrella, cap and towel
to cover their heads and protect them from direct sghti while working. Apart from this assistance,
some of the respodents also menvned gportuni Y 4or alternate livelood and op¥ons to return
back to their village with some source of income. The below chart givesvenmview of assistance
required by dierent working groups and pedestrians.
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Figure 13:dC% Vv % & Vv3 P }( e¢]*S v E «pj&E C ]+ & vS PE} U %o

The respadents from di+ E gréups provided inform Yon on what they require if they want to

reduce the loss of incomeue to work hour loss, sickness and cover addal expenditure on health

services. Their response on required items idead early acon intervenYons for di+erent working

groups and pedestdns as part of FbF intervénin. Based on their response FbF proposed certain early
Yons for a heatwave.

9.7 Proposed Early Abns for Heatwave

Considering the health and other social amdancial impat people are facig in areas + cted by
heatwaves and the recommendan made by the respulents during the survey, FbF team came up
with possible early a¥ns for a heatwave. Early &mns could be taken in two stages — pre¥aYon
and acY &Yon.

9.7.1 Pre-acY &Y h Stage and Preparedreg. Yn

Volunteer Orientation: Around 50 RCY volunteers will be oriented juseareceiving the pre-a¥aYon
alert. Aler the orientaYon, thevolunteer will support the FbF team for lv . dry and implementabn
of early a ¥n etc.

Bene ciary Selectin: For the pilofag of FbF in a heatwave the bermary will be selected based on
id v Yed intervenYon areas of Dhaka South City Corpina (DSCC) to ensure thete Yeness of
selected early a¥®ns in the commnity during a heatwave. For rickshaw/vamilers, the b v . dry
will be from a selected garage of Dhaka South City CofparéDSCC). Another intervdm graup will

be hawkers and the ide¥ .d hawkers for the intervens are those in the temporary marketplaces
approved by the DSCC in the context of COID-1

Awareness:Awareness will ensure the+ ¢ e implementa¥on of the pilot. Awareness &Y «will
include-
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OrientaYon for the RCY wvafiteers
OrientaYon forthe v .iaries
DistribuYon of comnunica Y¥vn materials with heatwave awareness inforre

Resource NeedConsidemg the intervenYon area and size, theumber of distribu¥on materials and
human resources will benalized.

9.8 A Y Yn Stage and Early An
Resource Allocavn and Distibution: Based on bdget and pre-selected areas, resources will be
allocated to ensure proper andimely implement Yon of early adbns. On readng the triggers,
distribu Yons will be made and/or coolg facili¥es willbe installed in agreed locéns.

Post Distibution Monitoring (PDM):A Ler the comple¥n of early adons, a PDM will be cwolucted to

id vY (tBe +cYdness of FbF early ans in the conmuni ¥és. Based on thendings of the PDM,
BDRCS/GRC will develop the EAP and other related documents and plans for further saade-up
implementaon.
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10. Annex

10.1Menu of Forecast
10.1.1 Global Level

Figure 14NV d u%. E Su@tglopatlevellsy Dt& u} o

Figure 15N ,pu] 1SC @} @obaldévellv Dt& u} o
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Figure 16N d u%. & Sp@tglppatleved]y '&”™ u} o

Figure 1AW ,pu] 1SC @} @obaldévellv '&”™ u} o

10.1.2 Local/nayY hal level

Figure 18V d u% & SUE loCAE Y3§ S qvA'&®" u} o C D
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Figure 19¥ ,pu] 18C (} &

Figure 20N Epu E] o A 32 & (JE
Z
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10.1.3 Fal® Alarm Rate CalcuM} v
0 o Y}v ~& Z+ }( D (}E +8 ES}pwuV¥Yw E vs o

Table 10W &}E +$ °¢l]Joo

Lead Yne 1 day

Forecast
Yes No
©
g
S Yes 9 1
[%2]
o]
O No 15 34

Lead Yne 3 days

31

Lead Yne 2 days

Forecast
Yes No
©
¢
S Yes 10 0
0
o]
O No 15 35

Lead Yne 4 days
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Forecast Forecast
Yes No Yes No
® ?
2  Yes 10 0 2  Yes 10 0
[} (]
[%2] 0
o] o]
O No 14 37 O No 16 36
Lead Yne 5 days
Forecast
Yes No
©
g
5 Yes 9 1
[%2]
o]
O No 18 35

10.2 Heat Index Calcuia} v
NOAA has prepared heat index for US based on air temperature an@ediamidity in Fahrenheit
scale. The NOAA formula is widely used to heat index cafmulglobally’. To calculate the heat
index, we use the following NOAA eq\éa.

Heat Index = 42.379 + (2.04901523 xT) + (10.14333127 xh ) (0.22475541 f x rh)
(6.83783 x 1073 x T2) (5.481717 x 1072 x rh?) + (1.22874 x 103 x T2 x rh)
+(8.5282 x 10* x T xrh?) (1.99 x 107° x T2 x rh?)

Where, T represents temperatura iF andrh refers to the rela¥e humidity in pecent.

We converted the degree Celsius temperature to degralrénheit using the following equation
given by NOAA.

F = (Cx 9)+ 32
- 5

Aler calcuo g the heat index in degreeaRrenheit scale, we then reconvert the heat index in
degree Celsius using followingte Yon given by NOAA.

5
0 = (o 2 —
C (F3)><9

Nissanet al. (2017) calculated heat index using itha three-hour inerval temperature ad
humidity and proposed to use abve 95" percenYeofor day¥ne and nigh«me separsely.
Here we have calculated the heandex based on Mban et al.’s de.ni Yon; as shown in
.gure 6 below. The tagory was taken as perceYeo of maximumtemperature and
percenYeoof minimum humidityas when maximuntemperaturearrives thehumidity always
fall down i.e., day¥ne only. Andwe come up with the categoies as 75", 85" and 95"
percenYeo The bold faces value indites i mpact.

2" h @s:/lwww.weather.gov/ama/heaihdex
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Figure2IW , S ]Jv A& o0 po § Y C Bfee v § oX ~Tiibe

10.3 Heat Island Calculén

10.3.1Land Surface Temperature Map
Land Surface Temperature (LST) is the ri@igemperature of the land derived from sun or solar
rad] &n. A simpli d de.n]¥n would be how warm the "surface" of the Earth would feel to touch
inap EWar locaYn. Land surface temperature is not the same as air temperature that is included
in the daily weather repoff. To calculate LST from satellite imageries Landsat 8 OLI-TIRS
(OperaYonal Land Imager and Thermal Infrared Sensor) sensor ineagedre used. LST has been
calculated using dierent formula in dierent stages. We have prepared a model in AraGd8el
builder to calculate the LST combining+glient tools from ArcTodlox. The formula used to
calculate LST was adopted from Orhan et al. (Z824)d Avdan andodanovska (2a.6)*". Using the
following model, the LST has been calculated. LST is important tof§dthe urban heat island
(UHI).

% Nissan, H., Burki K., Coughlan de Perez, E., Van Aalst, M., & Mason, S. (20Ihgendpredic Yhg heatwavesn Bangldesh.
Jaurnal of Apfied Meteorology and @matology, 56(10), 2653-2670.

2 h @s://sen Yhel.esa.int/web/sentel/user-guidessen Yhel-3-slstr/overiew/geophysical-measurements/land-surface-temperature
% h @s://www.hindawi.com/jairnals/tswi/2014/142939/

% h @s://www.hindawi.com/jaurnals/js/2016/1480307/
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Figure 23: LST map of 2015
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Figure 24: LST map of 2016
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Figure 25: LST map of 2017
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Figure 26: LST map of 2018
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Figure 27: LST map of 2019
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10.3.2Urban Heat Island Map

Figure 28N "% Y o ]*8@E] uY}v }( h,/ Jv Tiid

Feasibility Study on Heatwave in Dhaka

40



Figure 20N "% Y o ]*3E] puY}v }( h,/ Jv 1iio
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Figure 30N "% Y o ]+8@E] uYiv }( h,/ Jv 1iié6
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Figure 32V "% Y o ]*3E] puY}v }( h,/ Jv 1ii6
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