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1. Statement of the Problem

It is about a decade when BBC mentioned that South Asia Landslides ‘on the rise’. It reported
that most “South Asian countries are witnessing an increasing trend in landslides in recent years
(BBC News 18, July 2012)”. Since after that there are many occurrences of landslides in
different parts of South Asia including Bangladesh. According to different studies, though
landslide disasters were infrequent in Bangladesh in the past, increasing human activities such
as hill cutting for residential development has resulted in many landslides. This is particularly
evident in the CHD, putting people and properties at risk (Bayes, 2017, a). Siddiqui (2018)
claimed that from the late 90’s, the rate of landslide occurrences in Bangladesh began to
increase sharply at an average annual growth rate of 132.75 percent. The number of fatalities
is an important variable indicating massiveness and impact of these landslides on human life
and society. Chattogram City and adjacent Chattogram University record most landslides
occurrences and fatalities (28 landslides, 238 fatalities), followed by Cox’s Bazar (20
landslides, 103 fatalities) (Siddiqui, 2018).

Research warned that landslide disaster is an emerging threat at the national scale fuelled by
the impacts of increased frequency of extreme precipitation, population pressure and higher
density in flat lands, high rates of urbanization and deforestation, and lack of cultural
knowledge (Kelman 2015; Ahmed and Dewan 2017). However, landslides related researches
are not so rich yet in Bangladesh though have numerous researches and studies related to

cyclone and floods disasters (Bayes, 2017, b).

Landslides related studies that have been conducted since about last one decade have mostly
focused on Rangamati, Chittagong and Bandarban districts. However, Cox's Bazar, which is
the second most landslides occurrence district is not yet well addressed by independent
scholar’s research. Nevertheless, in recent years vulnerability, threat and risks are increasing
in Cox's Bazar, especially in the Upazilas of Rohingya resettlement areas (southern most
Upazilas-Ramu, Ukhia and Teknaf). Recent study already argued that extensive level of
deforestation and hill cutting activities took place in Cox’s Bazar district to accommodate
Rohingya. It is also claimed that the refugee camps are sitting on hills and loose soil and are
highly vulnerable to rainfall-triggered landslides (Ahmed, et. al, 2020), even it would enhance
landslide induces mud flow. In addition to the scholar's study, one of the leading news paper

of Bangladesh, The Daily Star (October, 2019) reported that biodiversity of Cox's Bazar is
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severely damaged, houses are built on more than 6000 acres of reserved forest and 1837 acres
of forest land razed due to firewood collection. One of the higher-level representatives of
Government stated that “What Rohingya people have done in Ukhiya and Teknaf is not mere
damage to the environment or biodiversity, it’s simply devastation”. These figures of loss of
biodiversity and forest and this message are really serious threat of landslides risk in these
Upazilas (Ramu, Teknaf and Ukhiya). Therefore, immediate study related to landslides and
mudflow related vulnerabilities and risk is foremost requirement. In Bangladesh, after any
disaster, especially after landslides, human losses are estimated and reported just after any
casualty. However, till now landslides related agricultural and economic losses are mostly kept
as unclear or not estimated. Since the communities in Cox's Bazar districts are still primarily
depend on agriculture, it is essential to assess their risks and vulnerabilities to landslides. It is
also important to know the current adaptation and mitigation measures followed by the farmers
and what are the problems they are facing. These risk and vulnerabilities assessment and

understanding would facilitate their preparedness and enrich their resilience.

2. Objectives of the Study
This study is an attempt to prepare landslides induced vulnerability and risk mapping in Cox's
Bazar district (Teknaf and Ukhiya Upazilas) of Bangladesh. Along with existing physical
mapping, it aims to develop following maps and tools to facilitate disaster risk management in
agriculture and enhance crop production.
¥ Agricultural hazard mapping (Bosai Mapping, like Japan),
¥ Agricultural vulnerability (Socio-economic and Institutional) mapping,
¥ Development of tool kits for filed level hazard and vulnerabilities data collection
¥ Adaptation and mitigation measures identification for minimizing soil degradation and
agricultural vulnerabilities
¥ Mobile application or Android app development for agricultural blocks (indicating soil
fertility, suitable crop, nature of hazards etc.)

¥ Submission of final report based on all findings and outcomes
It is expected that this comprehensive findings, analysis and mapping would provide a clear

guidance of landslide risk reduction and better preparedness for the community and the

institutions as well.
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3. Study Area

There are not many academic researches related to landslides inventory in Bangladesh. Among
the few studies an inventory is found in Siddiqui, 2018, which shows “Landslide inventory of
Bangladesh (1968-2012)”. This inventory indicated that since 1999 to 2012 different parts of
Cox's Bazar were affected by landslides. But till yet no study related to agricultural
vulnerabilities and risks is not conducted in detail. Especially, the southern most Upazilas of
Cox's Bazar named Ramu, Ukhia and Teknaf are not yet studied much. Due to it remote
location these Upazilas are often not addressed by researches. However, rapid urbanization,
biodegradation, deforestation and hill cut due to sudden influx of Rohingya refugee these three
Upazilas of Cox's Bazar are susceptible to landslides and mudflows. Therefore, this study

attempts to address Ukhiya and Teknaf Upazilas of Cox's bazar district (Fig. 1).
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Figure 1: Study location

(Source:!https://www.google.com/search?q=Upazila+map+of+Cox%60s+Bazar+District&client=firefox-

Topography of Ukhiya and Teknaf Upazilas of Cox's bazar district are mainly hilly areas with
some plain land. The study area is having monsoon climate with the temperature varies between
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15-32 °C and average rainfall varies between 250-300 mm. People are mainly dependent of
agricultures and to some extent small business. However, the livelihoods of the mass
population are vulnerable due to different risks and hazards. Following sections are
highlighting the vulnerabilities and hazards associated with agriculture in Ukhiya and Teknaf
Upazilas.

4. Agricultural Vulnerability and Hazard Mapping

In this study based Agricultural Hazard Mapping has been done based on the different
indicators of agricultural hazard. Each agricultural block of Teknaf and Ukhiya is marked in
the map according to their extent of hazardous nature. Agricultural hazards and methodological
approach of mapping are described hereunder.

4.1 Agriculture Hazards

Different types of natural disasters and hazards are affecting agriculture of Ukhiya and Teknaf
Upazilas. Among these hazards most common are flash flood, draught, salinity intrusion,
cyclone, landslide and mudflow. Field investigation denotes that Teknaf Upazila has more
concentration of Agriculturally Highly Hazardous blocks than that of Ukhiya. Flash flood,
drought, salinity intrusion and landslide risks and are main natural hazards of Teknaf. Compare
to Teknaf, Ukhiya is reported as less hazardous to landslides.

Out of 15 blocks, 10 blocks of Ukhiya are demarcated as low hazardous, four are moderately
hazardous and one is highly hazardous. In contrast, out of 19 blocks, Teknaf Upazila has three
blocks that are highly hazardous, 12 are moderately hazardous and four are low hazardous
(Fig.3). In case of drought and cyclone generally almost whole area of blocks are affected by
the hazard or disasters and in case of flash flood, landslides and mudflow in many cases more
than 10% of the block are affected. It is reported that in Teknaf most of the blocks face flash
flood, landslide and draught once in every year.

Agricultural hazardous conditions of each block of the Upazilas are also assessed based on the
topography, socio-economic and demographic condition and emergency facilities and services.
Topographically most of the blocks in Ukhiya and Teknaf are combined with hilly and plain
lands and agriculture is the main land use.

4.2 Agricultural Vulnerabilities

In both Teknaf and Ukhiya overwhelming majority of the people are dependent on agriculture
for their livelihood. Further, agriculture is the main land use of almost all blocks of the
Upazilas. However, agriculture is vulnerable due to rapid urbanization, hill cut, deforestation,
reduction of water bodies, increase of challenges in agriculture, poor irrigation facilities, loos
of crop yield and increase of disaster risks and hazards.

In Teknaf Upazila there are 19 agricultural blocks. Agricultural Vulnerabilities Index (VI)
scores denote that out of these 19 blocks, five blocks (two in St. Martins) are highly vulnerable
to agricultural perspective, 12 blocks are moderately vulnerable and two blocks are low in
agricultural vulnerability. Compare to teknaf Ukhiya upazila is better in Agricultural hazardous
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condition. However, in contrast to the extent of Agricultural Hazardous condition, Ukhiya
Upazila is worse in Agricultural Vulnerabilities. In Ukhiya, out of 15 blocks, one third blocks
(5 blocks) are highly vulnerable, four blocks are moderately vulnerable and six blocks are low
vulnerable (Fig. 4).

4.3 Methodological Approach of Agricultural Hazards and Vulnerabilities Mapping and
Outcomes

4.3.1 Base Map Collection

As the first step of agricultural vulnerability and hazard mapping, base map of Ukhiya and
Teknaf Upazila were collected from the respected Upazila Agriculture Office. The collected
base map of Ukhiya and Teknaf were scanned. The scanned maps were digitalized by ArcGIS
software (Fig.2). Different land use such as, agricultural land, hills and the settlements, water
bodies, road and portent infrastructures are marked with different legends.

Base material (Ukhiya Uparda map) Sateliite map (Blockwise map)

N—

- - PR =—=r

Scanned map Digitalized map

Figure 2: Base Map Digitization

Source: Prepared by authors
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4.3.2 Data collection and Analysis

Agricultural hazards and vulnerabilities related data were collected by using three types of
questionnaires survey, Focus Group Discussion (FGD) and Key Informant Interviews. Three
types of questionnaires are

¥ Agricultural block wise hazards information related questionnaire
¥ Agricultural block wise vulnerabilities information related questionnaire

¥ Agricultural block wise mitigation rehabilitation and adaptation measure for land and soil
degradation and to minimize agricultural vulnerability information related questionnaire

The questionnaires were set as a survey tool, which is called ‘Open Foris Collect Mobile’ in a
Tab. These questionnaires, key parameters, variables and main respondents and data collection
approach are shown in table 1.

Table 1. Parameters, Indicators (variables) and Data Collection Approach for Agricultural
Hazard and Vulnerability Mapping

Agricultural Hazard Mapping

Parameters Indicators Data collection
approach

A. Topography and =!I Annual Average Rainfall Questionnaire survey
Climatic =| Temperature Respondent: Block
Information of =!I Type of Topography Supervisor
Block =!I Soil type

=! Main landuse
B. Socio-Economic =] Total population Questionnaire survey
and Demographic =! Total household number Respondent: Block
Information of the =l % of population live under poverty Supervisor,
Block line

=l % of disable population FGD, KII

=l % of dependent population (age
below 15 and above 64 years)

=!I Main Livelihood pattern of the bock

! Literacy rate

=l 8. % of households have sanitary or
water-sealed latrine

=l 9. % of households have access to
safe drinking water

C. Infrastructure ! % of paved road Questionnaire survey
and emergency =!I Condition of the road of the block Respondent: Block
facility related = Availability of evacuation shelter Supervisor

Condition of the evacuation shelter
Accessibility to the evacuation shelter
Quality/availability of disaster
warning facility
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! Quality/availability of disaster
warning facility

D. Hazards/
Disaster related
information

=l % of area of the block affected by
different types of Hazard/disaster

=!I Frequency of different disasters

=!I Extent of effect to the Households

Questionnaire survey
Respondent: Block
Supervisor

Agricultural Vulnerabilities Mapping

A. Agriculture related
information of the

Block

=l % of area as agricultural land

=l % of households depended on
agriculture-based livelihood

=l Quality as agricultural area

=| Main Agricultural product of the
block

=l Agricultural products

=l Access and availability of irrigation
facilities

=!I Change in the cropping pattern and
production

Questionnaire survey
Respondent: ~ Block
Supervisor

FGD

KII

B. Livelihood related
vulnerability to
Agriculture

Extent of shifting their livelihood
from agriculture to non-agriculture
Extent of challenges in continuing
agriculture

Extent people are satisfied to
agriculture as their livelihood
Extent institutional supports

Questionnaire survey
Respondent:  Block
Supervisor

FGD

KII

C. Urbanization and
Population density
related Vulnerability
to Agriculture

Extent of agricultural land converting
to non-agricultural use

Extent of population increase

Extent of deforestation

Extent of Hill cut

Extent of waterbodies decrease

Questionnaire survey
Respondent:  Block
Supervisor

FGD

KII

D. Disaster related
vulnerability to
Agriculture

Extent of the areas of the block is
vulnerable to disaster/hazard
(landslide, mudflow, flash flood,
drought, etc.)

Frequency of different disasters or
hazards

Extent of crop or agricultural loss due
to different hazards

Extent of the area of the block
covered by forest/ trees

Proximity of the block from hill or
steep slope

Questionnaire survey
Respondent: ~ Block
Supervisor

FGD

KII

Source: Authors

10|Page




Information related to agricultural hazard and vulnerability was collected by Focus Group
Discussion (FGD). The participants of the FGD were Sub-Assistant Agriculture Officers
(SAAO), Teacher, Amin (who has good knowledge on map of the particular block), Ideal
Farmer (2 persons), Up Member, Elite Persons for each block. About 10-12 persons were in
each FGD.

During conducting FGD, by participatory approach, block wise maps (Fig. 3) were prepared
by hand drawing. Agriculturally productive land, cropping areas, irrigation sources and
distribution (shallow tubewell, deep tubewell, canal, well, chara), types of hazards (landslide,
mudflows, salinity, drought, water-logging, flash flood etc.) and their occurrence, extent of
impact in different parts of the block all these information were incorporated in the map by
drawing.

Hard diow Block may

Figure 3: Map preparation via FGD and digitalization

Source: Prepared by authors
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4.3.3 Map Preparation (Please mention about GIS software and tools)

Hazard Index (HI) and Vulnerability Index (V1) calculation and Map preparation based on

HI and VI values

Table 2. Agricultural hazard Index (HI) Calculation

Parameter C. Infrastructure and emergency facility related = 29
= % of paved road 5
= Condition of the road of the block 3 (eg. Poor=3, Moderate=2, and
Good=1)
=  Availability of evacuation shelter 2
=  Accommodation condition of evacuation shelter 6
= Qverall condition of evacuation shelter 4 (No Shelter=4, Poor=3,
Moderate-2 , Good=1)
= Accessibility to the evacuation shelter 3
= Quality/availability of disaster warning facility 3
= Quality/availability of disaster warning facility 3
Parameter D: Hazards/ Disaster related information = 116
= % of area of the block affected by different types of Hazard/ 45 (9 types of disasters and 5
disaster options for each, so 9X5=45, a
block can have score within 1-45
=  Frequency of different disasters any)
= Extent of effect to the Households in last 5 disasters 56 (8 types of disasters and 7
options for each, so 8X7=56)
15 (5 disasters and 3 options, So
5X3=15)
Score in Infrastructure and emergency facility related variables+ Hazards/ Disaster related information A+B= 145

Source: Authors

=l A block HI index is calculated based on the score or value that it obtained out of 145
and that score is converted into % (out of 100) to standardized and make it easily
understandable

=l The more is the HI value the higher is the Hazardous level of the block

Utilizing HI score Agricultural hazard Maps are prepared by Arc. GIS (Fig. 4).

Q
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‘ Teknaf Upazila, Cox's Bazar

Ukhiya Upazila, Cox's Bazar

Hazard Map ‘ Jrz

Hazard Map

Note: Hazard Index Value=HI
HI <30-39 = Low Hazardous
Block,

HI 40-49 = Moderately
Hazardous Block and

HI > 50 Highly Hazardous
Block.

The Lowest Value of HI is 28 and
the Highest Value of HI is 57
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Figure 4: Agricultural Hazard Maps of Teknaf and Ukhiya (Source: Prepared by authors)

Table 3. Agricultural Vulnerability Calculation

Parameter A
=l Quality of the block as agricultural area =l
=| Extent of agricultural land have easy access to irrigation facilities
=l How is the overall availability of irrigation facilities =l
ul
Parameter B
=l To what extent people are shifting their livelihood from agriculture to =!
non-agriculture =l
=l Present extent of challenges in continuing agriculture ul
=l To what extent the challenges/vulnerabilities is increasing ul

To what extent people are satisfied to agriculture as their livelihood =
To what extent institutional supports are extended to minimize the  =!
challenges

Parameter C

To what extent agricultural land is converting to non-agricultural use =!
To what extent population is increasing in the block =l
To what extent forest area is decreasing (deforestation) =l
To what extent Hill cut is going on ul
To what extent water bodies are decreasing =l

Parameter D

Extent of the areas vulnerable to disaster/hazard (landslide, mudflow,
flash flood, drought, etc.) (High=3, moderate=2, low=1)

Frequency of different disasters or hazards =l
Extent of crop or agricultural loss due to different hazards =l
Extent of the area of the block covered by forest/ trees =l
Proximity of the block from hill or steep slope ul

Total Score for Vulnerability: A=9, B=15, C=15, D=15; Total= 9+15+15+15=54

Source: Authors

3 (Poor=3,
Moderate=2,
Good=1)

3

3

WWwWwwww

W wwww
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A block VI index is calculated based on the score or value that it obtained out of 54. After that
obtained score is converted into % (out of 100) to standardized and make it easily
understandable.

After calculating VI scores for each block Agricultural Vulnerability Map are developed by
Arc GIS (Fig.5)

Vulnerability Map wer A i W A
RF= Teknaf Upazila, Cox's Bazar ! Vulnerability Map B jf‘
. T 7 p Ukhiya Upazila, Cox's Bazar

Vulnerability Map
Note: Vulnerability Index=VI

VI <41-55 =Low Vulnerable
Block

VI 56-70= Moderately Vulnerable
Block,

VI 71-81 = Highly Vulnerable
Block

The Lowest Value of VI is 42 and
the Highest Value of VI is 81

e
T
CorsBemr 0 [ o Bangladesh i Coxs Bazar ;N oo Bangladosh }1
\ A |\
Legend
© s0g0r Vulnerabilty Index (V) Legend Vulnerability Index (V1)
per UK 8R4 +UK 9
W 8SOID+4 N
Cssj ooy [0 0 RHDH YXQHEEDY 9, @ DB$W [ 0 RGHDH YXQHDEIVY 9,
-~ 0 DRUSROG [/ Rz YxaqHoEQY 9," m —- 0 DRUS ROGY [/ Rz YXQHDEDW 9, " D

Figure 5: Agricultural Vulnerability Maps of Teknaf and Ukhiya
Source: Prepared by authors

4.4 Limitation of the Mapping Approach

Perception-based

The indexing approach used in this mapping was dependent on the personal assessment of the

Block supervisor and his team, and the subjective choices of respondents. The Block
Supervisors determined the option (e.g. poor/moderate/good) based on their own evaluation
and perception. Reliable quantitative data could be an alternative means by which to assess
agricultural hazardous level/. However, it was not possible to use the quantitative approach
here due to the lack of block level data for all the hazard indicators.

Block based information

Information is collected for whole block from Block supervisor. Information for different farms
from individual farmer will provide more detail and micro level information related to each
farm land and farmers. However, it was not possible due to the limitation of resources.
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Equivalent weightage

In many cases equivalent weightage has been given for infrastructure, socio-economic matters,
urbanization etc. However, some parameters may have higher importance than other in
different blocks. However, in some Blocks, the infrastructure may deserve more weight than
the livelihood.

4.5 Implication of the Mapping Approach
sl Periodical assessment of agricultural hazard and vulnerabilities
=l Preparation of micro-level action plans (Block level)
=] Comparative analysis among different blocks and budget allocation accordingly
=!I Database to facilitate decision making, planning, and development works for blocks

=] Nation wise this type of agricultural hazard and vulnerability mapping can provide real
picture of hazard and vulnerability type and extent of each block of the country. This
mapping approach can guide effective budget allocation, action planning and
implementation for agricultural development.

4.5 Map Validation
Map validation

Step Third: For validation, initially the prepared maps were validated by Upazilla Agriculture
Officer (UAO), Department of Agriculture Extension (DAE) in both Upazillas. Finally, the
maps were validated by Deputy Director (DD), DAE of Cox’s Bazar (Fig. 6). The DAE
officials were highly interested and appreciated the on-going work.

= s W

kMo B

Initial map validation by UAO, DAE, Ukhiya Upazila Initial map validation by DD, DAE, Cox’s Bazar

Figure 6: Map validation by UAO and DD, DAE

Source: Authors
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5. Adaptation and Mitigation Measures

Adaptation and mitigation measures of the farmers against different hazards are similar in
both of the Upazilas. However, following tables (table 4 and table 5) indicate the summary of
adaptation measures of farmers.

Table 4. Different Disasters and Adaptation Mechanisms of Farmers

I"#$%&'(&)* %o+ Y8B- JH#,+,*0&1$23+0*%4%&
&

Landslide Tree plantation
Homestead gardening
Multilayer cropping
Stop hill cutting
Follow early warning system
Discourage unplanned housing on the hilltop
Stop illegal timber/wood collection
Mulching
Drought tolerant crop verities
Rice: Aman: BRRI dhan56, BRRI dhan57, BRRI dhan66, BRRI
dhan71
Boro : BRRI dhan42, BRRI dhan43, BRRI Dhan55
Wheat: BARI Gom25, BARI Gom26
Maize: BARI Hybrid Bhutta 12, BARI Hybrid Bhutta 13
Establishment of Dug well
Re-excavation of stream
Establishment of irrigation channel
Construction of rubber dam to conserve rainwater
Rainwater harvesting
Re-excavation of cannel
Be alert after heavy rainfall
Follow flash flood early warning system
Proper information dissemination
Planation of deep rooted timer tree
Prepare evacuation route to safer place during emergency
Tree plantation as buffer zone (Barrier)
Prepare evacuation route to reach cyclone centre
Follow early warning
Store emergency food and agricultural inputs especially seed
Increase accessibility and availability to cyclone centre
Proper communication with CPP
Popularise and use salinity tolerant crop varieties
Rice: Aman: BRRI dhan41,
Boro : BRRI dhan47, BRRI dhan53, BRRI dhan54, BRRI
dhan55, BRRI Dhan61, BINA dhan8, BINA dhanl10
Mustard: BINA Sorisha4, BINA Sorisha7, BINA Sorisha8,
BINA Sorisha9
Establishment of embankment
Rainwater harvesting
Pond dyke vegetable cultivation
Raised bed vegetable cultivation
Fly bed agriculture
Submergence tolerance rice varieties
Rice: Aman: BRRI dhan51, BRRI dhan52, BINA dhanl 1,
BINA dhan12

e Dredging of canal and rivers

Drought

Flash flood

Cyclone

Salinity

Waterlogging
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Floating agriculture
Raised bed vegetable cultivation at home
Tower vegetable cultivation

Soil erosion

Construction of embankment
Dredging of canal and rivers
Removal of siltation from river mouth
Practice cover crop

Mulching

Tree plantation

Flood

Re-excavation of canal and river

Be alert after heavy rainfall

Proper information dissemination

Prepare evacuation route to safer place during emergency

Practice zero tillage just after flood

Stored dry food and seed for emergency

Use flood tolerant local rice varieties

Rice: Aman: BRRI dhan51, BRRI Dhan52, BINA dhanl]1,
BINA dhanl12

Storm-surges

Tree plantation
Early warning

Proper communication with CCP volunteer
Increase accessibility and availability to cyclone centre
Prepare evacuation route to reach cyclone centre

Source: Authors

Table 5. Problems related to Existing Adaptation measures and Recommendation from the

Farmers

5-'67$4%&'(&89*%,*0:&./[+#,+,*0&1$+%;-&%

<$2'44$0/$/&./+#,+,*08&1$+%;-$% &

&

Lack of financial support

Lack of resistant varieties

Salinity intrusion

Lack of necessary equipment for roofing in high

places

Lack of awareness and illiteracy

e Lack of alternate varieties

e Not supplying agricultural machinery at the right
time

e Farmers' unwillingness to grow new varieties

e Lack of technical knowledge

e Environmental change- due to short winter wheat

cannot be grown

Mustard cultivation
Use of organic fertilizer
Supply of tolerant varieties

Applying scientific methods
Use of quality seeds
Increase mechanization

Improvement of drainage system.
Need embankment to protect land from flash flood
Arrangement of workshop to aware the farmers

Use of tolerant varieties

Construction of seed bed to avoid flood damage
Available seedbed should be made by making
platform on high land.

More awareness program from DAE and other
organizations

Raise awareness and training programs for farmers
Planting of trees in the hills should be increased
Use of more vermi-compost, trichogrammatid etc.
Plantation of trees like palm, wood apple etc.
Supply adequate thread, wattle etc. for making
barrier around betel leaf plot

The door of the sluice gate needs to be repaired.

Source: Authors
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Table 6. Mitigation Measure Related to Agriculture

89*%,*0:&1*,*:+,*0&1$+%;-&
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1*,*:+ *0&1$+%;-$9Y&

Cultivating alternative verities
Short-cycle seed varieties to
harvest early

Short-cycle seed varieties to
harvest early

Cultivating alternative verities

Cultivating alternative verities
Short-cycle seed varieties to
harvest early

Cultivating alternative verities
Cultivating alternative verities
Avoiding deep ploughing

Cultivating alternative verities
Cultivating alternative verities
Cultivating alternative verities
Cultivating alternative verities
Cultivating alternative verities
Cultivating alternative verities

Avoiding deep ploughing

Cultivating alternative verities

Supply of raw materials
Lack of cooperation from DAE
Lack of awareness and Illiteracy

Lack of adequate seed supply
Unwillingness of farmers for adopting
new technologies

Lack in supplying new varieties
Acute irrigation crisis.
Lack in supplying new varieties

Lack of alternative varieties
Lack of knowledge about modern
farming

Heavy rainfall wash away the top fertile
layer of soil

Scarcity of water during boro season
Change of climate

Waterlogging causes partial loss of
cultivation

Short winter period
There is no water retention system
on private initiative

Farmer's less knowledge about nutrition
of soil

Excess use of chemical fertilizers
Toxic chemical water from Rohingya

camps is mixing in the canal and

damaging agricultural land
Lack of supply of organic fertilizers
Un-wiliness to grow alternative varieties
Absence of co ordination with DAE

Arrangement of
group meetings
Tree plantation

Use of fallow lands

Need to increase
budget in agricultural
sector

Cultivation of corn
and pulses

Planting alternative
varieties

Provide technical
support

Need technical
support
Establishment of
deep tube well.

Need deep tube-well
Re-digging the ponds
and other water bodies
Provide technical
support

Arrangement for
farmers field day

Grow row crops
The use of chemical
pesticides should be
reduced

Plantation of cover
crops like jhau,
coconut trees more

The existing dam
needs to be
strengthened.
Establishing solar
irrigation pump
Supply more organic
pesticides

Use of more mulch
like banana leaf straw,
papers etc..

Source: Authors
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Table 7. Rehabilitation Measure Related to Agriculture

89*%,*0:&<$3+6*7*,+,*'0&1$+%&$ 5-'67$4%&*BR*%,*0:&

<$3+6*7*,+,*'0&1$+%:;-8%

<$2'44$0/$/&<$3+6*7*,+,*0&
1$+%:;-$%

e Change timing of farm operations

e Coconut and betel nut tree
plantation

e Low use of pesticides and high
use of organic pesticides, use of
sex pheromone trap

e Grow cover crop

e Reduced tillage

Low budget

Ignorance of farmers about
modern farming

Damage of coconut and betel
nut tree

Illiteracy

Lack of governmental supports

Raw material unavailability

e Use of polythene for moisture
Conservation

e Need to arrange field day for
specific crop

o Necessary steps have to be
taken to tackle the cyclone

o Use of good quality seeds

o Supply the products on basis

e Mulching of dealers
e Use of organic fertilizer e Lack of irrigation water. e Provide appropriate varieties
e Prepare dyke on high land e There is no deep tube-well in ¢ Supply the products on basis
e Formation of dug-well to conserve e this block of dealers

rainwater e Excessive use of chemical o Establishment of deep
¢ Use of tolerant varieties fertilizers reduce the soil tube-well
e Use of HY'V seeds fertility level o Sufficient Supply of organic
¢ Raising awareness through social e Lack of embankment to prevent fertilizers

media flash flood e Establish embankment
e Apply organic hormone to o Farmers unwillingness to grow o Grow new varieties

promote growth rate of crops new varieties

e Less availability of local
varieties

¢ Not using existing freshwater
sources for irrigation

o Farmers less knowledge about
soil health

e High concentration of CO2 in
air due to presence of brick
kiln burns vegetables

e Use of fallow lands for
cultivating alternative varieties

o Establishment of seedbed on
high land during floods flood.

e Use of fallow lands for
alternate variety cultivation

o Establishing reservoirs for
retaining fresh water

e Farmers need to be provided
loans on easy terms

o Establish of sluice gate to
hinder salt entrance

e Use of more vermicompost
and other organic fertilizers

e Construction of environment
friendly trees like Pine tree,
Date tree

e Palm tree, nut etc.

Source: Authors

6. Android App Development for Agricultural Blocks in Bangladesh

Block-wise an android app named “Krishi Shurokkha has been developed based on the crops
grown, the nature of different hazards for the selected locations and the soil fertility status (Fig.
6). The app provides information on the crops and the well-grown area. The different hazards
which occur in a block and the affected areas, and their coping mechanisms. The soil physic-
chemical properties and soil test-based fertilizer recommendations. It has both digital images
and satellite views. After the installation in the android mobile, when someone will open the
app, it will show two upazilla (Figure 7). Then clicking a particular upazilla will find the
different blocks. Entering the block, one can see the crop suitability map and hazard map
having both digital image and satellite view. The hazard options provide the coping mechanism
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options (Figure 9). The soil nutrient status will show the different parameters in satellite view
(Figure 10) clicking a particular coordinate. The fertilizer recommendation option will allow
to calculation of different fertilizer doses i.e. Urea (N), TSP (P), MoP (K), and Gypsum (S) for
different crops on the basis of nutrient status. Fertilizer calculator (Figure 11) helps to
recommend fertilizer dose for different crops (Figure. 8). At the beginning, the crops are
selected viz. rice (aus, aman, boro), maize, wheat, betel leaf, watermelon, mustard, onion,
garlic, cabbage, cauliflower, potato as data input. Then the users (SAAOQO, farmers and others)
can provide each nutrient status (N, P, K, S etc.) of a specific area and get the recommended
doses of the fertilizer for the specific crops.

Interface of the android app

O
N
0
[
>
o
0
-

Figure 7: Upazilla and the blocks in the app
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Figure 9: Hazard map and the coping mechanisms
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Worthing: 21 227928
Canting: 52123610

Sedl Nutriest Data

Figure 10: The red mark icon shows soil properties and other information of particular geo-
location

Figure 11: Soil test-based fertilizer recommendation mobile app for specific crops

Source: Authors

7. Participation of Stakeholders in Research Implementation

The proposed research is complex in nature and requires expertise on various aspects. Time to
time interaction and engagement with stakeholders during and after the field survey was a

fundamental part to ensure the quality of work as well as maintain the credibility of the study.

The project has conducted some stakeholders engagement meetings in terms of inception, mid-
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term workshop and final workshop. Furthermore, whenever needed, the research team has

consulted with different experts at every level of research completion. Such type of consulting

and receiving advisory supports will continue whenever implementation state will come.

8. Further Recommended Tasks to Ensure Maximum Benefits of the Project

This kind of block level agricultural vulnerabilities and hazard mapping is done for the first

time in some remote areas of Bangladesh. According to the experts it is a milestone and such

kind of work is urgent need for each agricultural block of Bangladesh. Hereunder, a short list

of some necessary further tasks is provided.

¥

Agricultural vulnerabilities and hazards of all blocks in different topographical areas of
Bangladesh are needed to assessed and mapped.

Easily understandable and operational mobile apps are needed to develop for different
agricultural zones and for different livelihood groups to minimize their vulnerabilities
and hazard risks.

Vulnerabilities and hazard risks are associated with interlinked factors that are needed
to examine at the household level through intensive field investigation. It will facilitate
specific policy formulation and resilience building.

Details and intensive investigation is necessary to explore adaptation, mitigation and
rehabilitation measures related to different agricultural areas. It is needed to identify
their potentials, limitations and sustainability.

Attempts are needed to conduct Participatory Rural Appraisal and such other
community involvement approaches to make the farmers aware, trained and understand
their problems and to come up with sustainable solutions.

Conducting researches to perform wide scale Cross SWOT analysis at block level to
explore suitable and effective adaptation and mitigation measures.

Extensive researches and policy actions are needed to explore the ways and approaches
of linking SDGs and agricultural vulnerabilities and hazards mitigation.

Establishment of strong platform of academics, researchers and policy makers to find
out sustainable approaches to minimize agricultural vulnerabilities and hazards in
different areas of Bangladesh.

Arrangement of multi-stage periodical workshops and training for top, mid and grass
root level stakeholders and beneficiaries for effective management of agricultural

vulnerabilities and risks.
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¥ Researches and action planning are needed to make the farmers familiar with ICT

application and use in vulnerabilities and risk reduction.
9. Conclusions

The proposed research work is a farmers’ friendly outcome. The ultimate products that are
agricultural vulnerabilities maps and hazard maps of each studied block and android app will

help the farmers as well as policy decision makers to understand and take actions related to

¥ extent of vulnerabilities and hazards nature of specific block,

¥ quantify the fertilizers needed for growing different crops, the water sources and
mitigation options for the hazards that occur in the blocks,

¥ existing adaptation, mitigation and rehabilitation measures, their problems and

recommended necessary measures to minimize vulnerabilities and hazards.

The peoples living in the study areas will be the benefited by efficient use and application of
all these outcomes. Outcomes and information collected by this study will help in the policy
actions for agricultural development in these remote Upazilas. As mentioned in the further
recommended tasks similar studies related to agricultural vulnerability and risk reduction
approaches can be applied in the other parts of the country. This kind of crucial studies would
boost sustainable livelihood generation and resilience building by eliminating agricultural

vulnerabilities and hazards.
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