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Abstract
In the face of high-frequency drought in the northern parts of Bangladesh, cropping intensification has been an important indicator for the life and livelihoods of its inhabitants. The study assessed cropping intensity and its determinants at the farmers’ level in Bogura district, Bangladesh. The findings are expected to provide insights for policymakers and agricultural extension services for devising an extension approach in the drought-prone area towards enhanced production in a sustainable manner. Data were collected between November 2023 to April 2024 from 105 randomly selected farmers of four villages of two adjacent upazilas, namely Kahalu and Bogura sadar of Bogura district under the Barind tract- the hottest and the driest area in the country.  This study used a mixed methods approach; both qualitative and quantitative techniques involving focus group discussions and a cross-sectional survey. Data from the household survey were analysed using descriptive statistical methods and the correlation coefficient. Results revealed that the cropping intensity of the respondents ranged from 200% to 300%, with an average of 277.9%. The overwhelming majority (87.6%) of the respondents achieved a cropping intensity ranging from 263% to 300%, while 12.4% were below the range. The results also unearthed the facts that some of the socio-economic characteristics of respondents, like education level (r=0.652), access to media (0.584**), and annual income (0.194*), were significantly associated with the cropping intensity. To this, availability of inputs (0.904**), growing of short duration crops (0.802***), use of agricultural machineries (0.707**) in various farming operations like tilling, lifting of underground water for irrigation, harvesting and post-harvest activities, easy marketing facilities (0.202*) and adequacy of ground water for irrigation (0.198*) were significantly associated. The results suggest that cropping intensity in the drought-prone areas may further be enhanced through intensive use of agricultural machinery in various farming activities with cultivation of shorter duration varieties of Boro rice, T. Aman, mustard, potato and vegetables.
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1. Introduction
Drought, a natural phenomenon comprising a long period of dry weather, causes adverse consequences on the lives and livelihoods of people by affecting the yield of crops and food security, which hampers social and economic resilience in drought-prone areas (Orimoloye et al., 2022). In addition, lower yields and reduced grain production as a result of drought contribute to spikes in wholesale prices, put low-income communities under great financial threat due to higher prices of commodities, result in insufficient animal feed and subsequently rise of meat, poultry, and other animal-based food products (Uddin et al., 2018). Irrigation is one of the major adaptation strategies to combat the negative impacts of drought on crop yields. However, during droughts, the water resources are limited and determining the exact irrigation amount and its response to crop yields is crucial (Deb et al., 2022). 
The drought‐prone regions of Bangladesh are now drier and warmer than they were fifty years ago, and recent climate change projections suggest that the country will become hotter and it will experience frequent drought events due to increased uneven monthly rainfall distribution (Acharjee & Shariot-Ullah, 2021). As a part of the northern area of the country, Bogura district is experiencing extreme weather and droughts from the month of November to May. It was reported that September has the highest relative humidity (85.77), whereas March experiences the lowest (56.06). The month with the highest precipitation is July (27.87 days), whereas the one with the lowest amount of rainfall is December (0.83). The month with the least amount of precipitation is December, exhibiting a mere 7 mm of rainfall. The highest amount of precipitation occurs during the month of June, with an average quantity reaching up to 400 mm. There is a notable variation in precipitation levels between the driest and wettest months, amounting to 393 mm (https://en.climate-data.org/asia/bangladesh/rajshahi-division/bogra-4306/).
The district is considered the prominent agricultural area characterised by economic reliance on farming despite having vulnerability to drought. While the national average cropping intensity is 191%, Bogura exceeds this with 234%, reflecting the region's efforts in crop diversification and multiple cropping systems (Islam et al., 2018). Viewing this reality in mind, the study aims to assess cropping intensity with its determinants in the drought-prone area of Bogura district. The findings are expected to provide insights for policymakers and agricultural extension services for devising an extension approach in the drought-prone area towards enhanced production in a sustainable manner.
2. Methodology
2.1 Description of Study Area
Bogura, which is located in the northwest of Bangladesh, offers unique conditions for studying the factors that influence cropping intensity because of its distinctive socioeconomic and meteorological features. There are twelve upazila in Bogura district, among which the western part of Sadar and Kahalu upazila were selected purposively because of the extreme dryness where agricultural productivity faces major challenges of a semi-arid climate -minimal rainfall with erratic pattern. Two villages of Fapor union under Sadar Upazila and two villages of Sadar union of Kahalu Upazila were the locale of the study. Bogura
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Figure 1. A map showing the study area of Sadar and Kahalu upazila under the Bogura district
2.2 Cropping patterns with percentage in the study area
The evaluation of cropping patterns in the study area was based on the spatial distribution and diversity of major crops. Table 1 displays data showing that farmers in the study area followed six different cropping patterns: Mustard-Boro-T. Aman, Vegetable-Boro-T. Aman, Boro-fellow-T. Aman, Potato-Boro-T. Aman, Boro-Vegetable-T. Aman, and Potato-Boro-T. Aman. Among these patterns, the cropping pattern with three cropped areas accounted for a total of 88 per cent of the net cropped area. Mustard-Boro-T. Aman, Vegetable-Boro-T. Aman, Boro-Fellow-T. Aman, and Potato-Boro-T. Aman was identified as the dominant cropping pattern, with 27.75, 19.75, 22, and 18.25% of the net cropped area, respectively. Potato-Boro-T. Aman was found to be the least dominant cropping pattern.

Graph 1. Major cropping patterns with the percentage of farmers in the study area
2.3 Crops Grown Round the Year in the Study Area
The crop calendar shows the crops cultivated by farmers in the study area throughout the year. The farmers mostly boost the production of rice (Boro and T. Aman), mustard, potato, and vegetables in this regard.
Chart 1. Crops grown by the respondent farmers all year round
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2.4 Population and Sample:
A total of 310 farmers of the selected four villages were the population of the study, from which 105 were selected as the sample following a simple random sampling method. 
2.5 Collection of Data
In order to collect relevant data for the study, a pretested, well-structured interview schedule was used to gather information from the sample farmers during the period from November 2023 to April 2024.
2.6 Measurement of Cropping Intensity and Its Determinants
Cropping intensity refers to the intensive use of land by growing more crops in the same land during one agricultural year. It can be measured through a cropping intensity formula:
Cropping intensity = Gross cropped area / Net sown area X 100 
Gross cropped area: This is the total area sown once or more in a given year, i.e. the area is counted as many times as there are sowings in a year. This total area is sometimes referred to as total cultivated area or total area seeded.
Net sown area: This is the entire area sown with crops. Areas sown multiple times in the same year are counted only once.
Determinants of Cropping Intensity
Focus Group Discussions (FGDs) were conducted prior to the cross-sectional household survey to determine the factors influencing cropping intensity in the drought-prone northern districts. The discussion focused on three issues, namely farm infrastructure, use of crop technology and employment of agricultural machinery in farming activities. Depending upon the three issues, a total of eight factors were finally derived as influencing factors from the discussion. These were: i) growing of short-duration crop, ii) use of machinery for quicker farming operations, iii) adequacy of underground water, suitability of lands for year-round cultivation, iv) productivity of soil, vi) availability of inputs, vii) quality of seeds and viii) easy marketing facilities. A four-point rating scale containing no use, slight use, moderate use, and frequent use was employed in this regard to assess their extent of use by the farmers. As cropping intensity was basically dependent on these 8 factors, the calculation of the factor use index (FUI) would provide the use status of each factor.
2.7 Data analysis
 This study used a mixed methods approach; both qualitative and quantitative techniques involving focus group discussions and a cross-sectional survey were used. Data from the household survey were analysed using descriptive statistical methods to generate frequencies, percentages and to conduct explanatory factor analysis. Apart from the descriptive statistics, the study employed the correlation coefficient to determine the association between the socio-economic factors of the farmers with their cropping intensity.

3 Results and Discussion
3.1 Cropping Intensity in Drought-Prone Areas  
Data reveals that cropping intensity of the study area ranged from 200% to 300% with a mean of 277.87% and a standard deviation of 30.91%.  The overwhelming majority (87.6%) of the respondents had high to very high cropping intensity (263% to 300%) compared to 12.4% medium high cropping intensity (up to 262%). These findings presented a higher level of cropping intensity on average in a dry area compared to the cropping intensity of other dry areas in Bangladesh, as well as the whole agricultural region of Bogura. Islam et al. (2018) stated that the cropping intensity in Bogura, on average, was 234%, while the cropping intensity in Rajshahi was 218%.
[bookmark: _Hlk194239101]Table 2. Distribution of respondents depending upon cropping intensity
	Category
	Respondents
	Mean
	Standard
Deviation

	
	Number
	Percent
	
	

	Medium high (Up to 262%)
	13
	12.4
	
	

	High (263% to 293%)
	61
	58.4
	277.87
	30.91

	Very high (294% and above)
	31
	29.2
	
	

	Total
	105
	100.0
	
	



3.2 Determinants of Cropping Intensity

Graph 2. Extent of use of the crop intensification factors by the respondents with 
                 factor use index (FUI)

Graph 2 reveals the use of eight identified factors by the respondents in their crop intensification. Factor Use Index (FUI) of the eight factors varied from 161 to 284: use of agricultural machineries (FUI=284) for various activities like tilling, lifting of underground water for irrigation, harvesting and post-harvest activities ranked top and it was followed by adequacy of groundwater for irrigation (280), growing of shorter duration crops (244), suitability of lands for year round cultivation (172), productivity of soil (172), easy marketing facilities (172), availability of inputs (168) and quality of seeds (161). 
3.3 Socio-economic profile of the respondents
The result showed that the majority (61.9%) of respondents were middle-aged, compared to 21% in the older category, and 17.1% were the younger farmers. Middle-aged farmers, often between 21 and 50 years, are considered to be in their most productive agricultural years (Stephen et al., 2021). 
Table 3. Socio-economic profile of the respondents 

	Characteristics
	  Categories   
	Respondents (%)
	Mean
	SD

	Age (year)
	Young (up to 40)
	17.1
	51.27
	11.38

	
	Middle (41 -63)
	61.9
	
	

	
	Old (>64)
	21
	
	

	Education (score)
	Jounior high school (up to 8 grade)
	9.5
	9.60
	2.02

	
	High school (9 to 10 grades
	21
	
	

	
	College ((>11)
	69.5
	
	

	Farm size (score)
	Small (up to 0.5 ha)
	17.1
	1.01
	0.538

	
	Medium (0.6- 2 ha)
	65.7
	
	

	
	Large (>2ha)
	17.1
	
	

	Annual income (Tk.`000)
	Low (up to 197)
	5.7
	148.87
	70.75

	
	Medium (198-709)
	79
	
	

	
	High (>709)
	15.2
	
	

	Access to media
	Low (up to 47 scores)
	19
	65.19
	18.41

	
	Medium (48 to 83 scores)
	62.9
	
	

	
	High (> 83 scores)
	18.1
	
	

	Organizational Participation (score)
	Low (up to 1 scores)
	30.5
	1.38
	1.51

	
	Medium (2 to 3 scores)
	52.4
	
	

	
	High (>3 score)
	17.1
	
	



A significant proportion (69.5%) of respondents had attained college-level education, attributed to the proximity of the study area to urban centres. Higher education levels in these regions result in increased agricultural knowledge and adoption of modern practices (Zhou et al., 2023). More than half (65.7%) of respondents owned medium-sized farms. With better educational exposure, these farmers were equipped to implement advanced agricultural practices on moderate landholdings. Similar findings were reported by Jayne et al. (2019) in Sub-Saharan Africa. Most respondents (79%) reported a medium annual income. Agricultural incomes in dry land regions are heavily influenced by climate variability and resource availability, a trend also noted by Muralikrishnan et al. (2021). Around 62.9% of farmers had medium levels of communication media usage. Effective communication fosters access to agricultural knowledge, enhancing resilience and adaptive practices in dry regions (Fadairo et al., 2023; Esariti et al., 2022). The findings revealed that the majority (52.4%) reported medium organisational participation, facilitating knowledge sharing and collaboration. Fu and Zhu (2023) also highlighted the positive influence of organisational engagement on agricultural productivity. A substantial 86.6% of respondents used modern tilling machinery, reflecting the influence of education on technological adoption. Asadullah and Rahman (2009) similarly observed a correlation between education and mechanisation in dry areas. According to statistical analysis from Table 3, 30.5% of respondents reported both frequent and rare access to irrigation, and groundwater remained a primary resource. Studies by Panahi et al. (2021) and Shahid (2010) confirm the reliance on groundwater for irrigation in dryland agriculture. About 68.6% of farmers used mechanised harvesting and post-harvest technologies. Barman et al. (2019) reported a positive association between education and mechanisation adoption in dry regions. Finally, limited input availability was observed, with 65.7% of farmers reporting infrequent access. However, improved input supply was linked to increased cropping intensity. Nathan et al. (2020) demonstrated the role of inputs in enhancing soil water retention and mitigating drought effects.
3.4 Relationships between the selected characteristics of the respondents and the  
       cropping intensity 
Pearson’s correlation coefficient “r” was used to test the hypotheses concerning the relationships between two variables, and a 0.05% level of significance was used as the basis for acceptance or rejection of the hypothesis. The significant value for 103 degrees of freedom at the 0.05% level was 0.193, and 0.01% level was 0.252.

Note: 1) **Correlation Significant at the 0.01 level (2-tailed)
          2)* Correlation Significant at the 0.05 level (2-tailed)
Graph 3 indicates that some socio-economic characteristics of the respondents, like level of education (r = 0.652**), access to media (0.584**) and annual income (0.194*) significant positive association with the cropping intensity. This association was also significantly attributed by the farm infrastructure and use crop technology like availability of inputs (0.904**), growing of short duration crops (0.802***), use of agricultural machineries (0.707**) in various farming operations like tilling, lifting of underground water for irrigation, harvesting and post-harvest activities, easy marketing facilities (0.202*) and adequacy of ground water for irrigation (0.198*).
4 Conclusion
Farmers of Bogura district are harnessing their best efforts to enhance cropping intensity through cultivating shorter duration varieties of T. Aman, Boro rice, mustard and different vegetables, despite having adverse effects of frequent drought on crops and their management in the northern region. Inclusion of potato, mustard and various vegetables in rice-based cropping patterns may have impacted crop numbers, where the use of agricultural machinery allowed farmers to perform operations like land preparation, planting, and harvesting more quickly and with greater precision, ultimately leading to higher yields and enhanced cropping intensity. 
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% of net cropped area	
Mustard-Boro-T.Aman	Vegetable-Boro-T.Aman	Boro-Fellow-T.Aman	Potato-Boro-T.Aman	Boro-Vegetable-T.Aman	Potato- Vegetable -T.Aman	27.75	19.75	22	18.25	8.25	4	% of farmers	
Mustard-Boro-T.Aman	Vegetable-Boro-T.Aman	Boro-Fellow-T.Aman	Potato-Boro-T.Aman	Boro-Vegetable-T.Aman	Potato- Vegetable -T.Aman	25.8	21.91	20.95	18.3	9.24	3.8	



No use	
Growing of shorter duration crops	Use of agricultural machineries for various production activities	Adequacy of groundwater for irrigation	Suitability of lands for year round cultivation	Productivity of soil	Availability of inputs for crop production	Quality of seeds	Easy marketing facilities	4	0	0	18	18	24	26	18	Slightly use	
Growing of shorter duration crops	Use of agricultural machineries for various production activities	Adequacy of groundwater for irrigation	Suitability of lands for year round cultivation	Productivity of soil	Availability of inputs for crop production	Quality of seeds	Easy marketing facilities	12	0	0	28	32	26	22	28	Moderately use	Growing of shorter duration crops	Use of agricultural machineries for various production activities	Adequacy of groundwater for irrigation	Suitability of lands for year round cultivation	Productivity of soil	Availability of inputs for crop production	Quality of seeds	Easy marketing facilities	38	34	38	36	28	26	35	36	Frequently use	
Growing of shorter duration crops	Use of agricultural machineries for various production activities	Adequacy of groundwater for irrigation	Suitability of lands for year round cultivation	Productivity of soil	Availability of inputs for crop production	Quality of seeds	Easy marketing facilities	52	72	68	24	28	30	23	24	FUI	
Growing of shorter duration crops	Use of agricultural machineries for various production activities	Adequacy of groundwater for irrigation	Suitability of lands for year round cultivation	Productivity of soil	Availability of inputs for crop production	Quality of seeds	Easy marketing facilities	244	284	280	172	172	168	161	172	



Graph 3. Bar graph of co-efficients of correlalation between variables and cropping intensity 
Cropping intensity	0.652**
0.194*
0.584**
0.802**
0.707**
0.198*
0.904**
0.202*

Age	Level of education	Farm size	Annual income	Access to  media	Organizational participation	Growing of short duration crops	Use of agril. Machineries for various activities	Adequacy of ground water for irrigation	Suitability of land year round cultivation	Productivity of soil	Avaiabilty of inputs for crop production	Quality of seeds	Easy marketing facilities	0.11600000000000001	0.65200000000000002	-0.05	0.19400000000000001	0.58399999999999996	8.9999999999999993E-3	0.80200000000000005	0.70699999999999996	0.19800000000000001	0.17199999999999999	0.183	0.90400000000000003	0.16800000000000001	0.20200000000000001	
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