


IMPACT OF LAND AND ENVIRONMENTAL DYNAMICS ON FOOD-PRODUCING FARMING AND FOOD SECURITY IN THE COMMUNES OF DJAKOTOMEY AND APLAHOUE (SOUTHWEST BENIN)




Abstract: land tenure and environmental dynamics have a highly negative impact on agricultural production and food security in the municipalities of Djakotomey and Aplahoué. This research addresses the impacts of land and environmental dynamics on subsistence farming and food security in these municipalities. Climatological, agricultural, and economic data have been analyzed with appropriate statistical tools (index and ratio). The data have been processed using SPSS 17.0 and ArcView 3.2 software. The results show that land dispute rates vary from 34% to 52%, with a growth rate of 52.90% between 1990 and 2024. Land tenure insecurity is relatively high in the municipalities of Aplahoué and Djakotomey. Also, rainfall indices range from -2.05 to 3.72 over the study period (1961-2023). Urban expansion often encroaches on agricultural land. Furthermore, plot fragmentation rates rise from 32% in 1990 to 81% in 2024, with a growth rate of 153.12%. The areas are highly vulnerable to flooding (57%). Thus, the research sector is vulnerable to flooding and water erosion. Corn losses per farm are 310.54 kg. Peanuts recorded a loss of less than 100 kg per farm and per total area planted. Land and environmental dynamics lead to worsening food availability (41% of respondents), unequal access and increased vulnerability (36%), and shorter storage periods (23%). Family stocks diminish more quickly, extending the lean season.	Comment by LENOVO: The abstract adequately explains the research focus (the impact of land and environmental dynamics on agriculture and food security).

However, the logical flow could be refined: context → methods → main results → implications.

It is recommended to add specific quantitative results more concisely (e.g., "Land disputes increased by 52.9% between 1990 and 2024") so that readers immediately grasp the main findings.

Add a concluding sentence highlighting the implications for agricultural policy or adaptation.
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1. Introduction	Comment by LENOVO: The background is quite comprehensive, covering both the national (Benin) and regional (Sahelian zone) contexts.

References from the FAO, UNDP, and IPCC are sound and relevant.

It is recommended to clarify the research problem statement and objectives in a dedicated paragraph at the end of the introduction to help readers understand the direction of the analysis.

Some paragraphs are still too long; they could be broken down for easier reading.
Subsistence farming is of vital importance as it is where communities derive their food resources and monetary income. Several countries' economies and their populations' food security depend on agricultural production (Yolou et al., 2017). The farming sector contributes about 22% of GDP and is the main source of employment. Subsistence farming employs 46% of the working population. Despite this high agricultural workforce, the country has a food deficit due to low agricultural yields and exponential population growth. In addition, heavily exploited soils have been subject to degradation for several decades, leading to a decline in fertility (Ouattara, 2016). Increased global warming is associated with increased exposure to climate risks and pressure on food production systems. This jeopardizes food security and negatively impacts all food sectors. Global warming of 1.5°C to 2°C leads to greater frequency, intensity, and severity of extreme weather events (droughts, floods) and heat waves (IPCC, 2022). Climate change in the Sahelian and Sudano-Sahelian regions of Burkina Faso is characterized by rising temperatures, irregular rainfall, shifts in planting dates, phenological disruption of plants, and a reduction in arable land. These climate changes have a negative impact on agricultural activities, mainly millet cultivation, resulting in lower yields and the loss of wild species and long-cycle varieties (Bougma et al., 2018).
Like many African countries, Benin’s economy is mainly based on agriculture which is a strategic sector in the social and economic fabric in terms of its contribution to food security (FAO, 2024). The country is still vulnerable to the impacts of environmental degradation, including land degradation and climate change, which results in rapid loss of vegetation cover, depletion of agricultural land, a significant decline in agricultural yields, loss of biodiversity with several species of fauna and flora disappearing, congestion and shrinkage of waterways and wetlands, increasingly frequent and intense flooding, and coastal erosion with a huge impact on the economy and people’s social well-being (UNDP, 2021). The most sensitive livelihoods to these risks are family-run farms. These include cash crop production systems, food and vegetable crops, livestock farming, and inland and marine fisheries (UNDP, 2019). In fact, the farming economy relies on three major factors of production: land, labor, and capital, but also on climatic conditions. The most important factor in all agricultural activities is water availability, which is therefore the bedrock for most African countries' development. The absence, insufficiency, excess, or poor spatial and temporal distribution of rainfall leads to droughts or floods that have a profound impact on the lives of populations at large and farmers in particular (Djessonou, 2023). Extreme weather events (droughts, extreme temperatures) are a major obstacle to potato production. However, climate risks generate a decline and insufficiency of water sources, as well as a drop in the water table in some areas. Rainfall levels are characterized by deterioration and irregularity, both over time and space. The early 1960s and 1980s witnesses extended periods of heavy rainfall or drought (Dadjo et al., 2025). In addition, very small farms shrink as a result of fragmentation following inheritance. Fallow land becomes scarcer in certain parts of the south, such as Adja plateau, where it has almost disappeared. There has been a sharp increase in population density in most regions of Benin over the last two decades, particularly in the department of Couffo (Dandjekpo, 2022). This has accelerated the process of land commodification. Similarly, the number of landless farmers (or those with less fertile land) has increased, triggering waves of rural-rural migration. For instance, farmers in Benin’s western Atacora and southern regions (Mono/Couffo and Zou departments, etc.) migrated in increasing numbers to central Benin (DSA, 2020). Located in the department of Couffo (southwestern Benin), the municipalities of Djakotomey and Aplahoué experience extreme agricultural pressure and soil degradation, which directly affect food production and households’ ability to feed themselves. The main impacts are lower productivity and increased vulnerability of family farms.

2. Materials et methods	Comment by LENOVO: This section is very comprehensive and technical, covering indices, coefficients, and analysis formulas (Allan coefficient, agro-demographic index, rainfall index).

It is recommended to add a brief explanation of the rationale for the method selection and its limitations so that readers understand the justification.

Minor improvements are needed in the consistency of terminology (e.g., "Land splitting rate" and "Plot fragmentation rate" should be standardized).

The field data collection period (month and year) should be more clearly stated for transparency.

The quantitative data are presented neatly, but could be enhanced with diagrams or maps of the research location to clarify the spatial context.
Data used and collection techniques
Several data sets have been used to analyze environmental and land tenure dynamics and their impact on subsistence farmers in the municipalities of Djakotomey and Aplahoué. These involve populations’ views on the impact of land and environmental dynamics; and on physical elements (climate, relief, soil, and hydrographic network), which helped analyze the environmental impact on subsistence farming and food security. Observations, individual interviews, direct interviews, focus groups, and Rapid Rural Appraisal are the main techniques employed during field investigations. It is necessary to determine a sample size in order to conduct socio-anthropological investigations. All districts in both municipalities are taken into account due to the importance of land tenure and environmental dynamics in most of the villages to be visited. A total of 440 people have been individually interviewed during the field investigations.
Urbanization rate
This refers to the urban population (city dwellers) as part of the municipal population. Due to suburbanization, this rate is getting harder to figure out. It is calculated based on all residents in districts that are classified as urban. The statistical protocol is: TUT = PAU / PTC × 100 (Ali et al., 2023). With TUT = Theoretical urbanization rate; PAU = Urban District Population; PTC = Overall population in the research area.
Land security analysis
Land security has been classified into three (03) categories, namely high land security areas, medium land security areas, and low land security areas (Table 1). Areas with high land security are characterized by completed land subdivision, allocated land reserves, continuous land occupation, available sanitation, available occupancy permits, available land titles for developed or inhabited plots, urban densification, and the presence of infrastructure. The medium land security zone is characterized by low-density occupation in neighborhoods undergoing subdivision, the presence of plots with residential permits in peripheral expansion or urban core densification zones, basic infrastructure, and land reserves for future infrastructure development. Low-security zones are mainly characterized by peripheral expansion with discontinuous occupation, where subdivision or development work has been suspended (Ali et al., 2023). In medium- and high-security areas, the boundaries of land conflict zones (identified by questionnaire) are defined. These boundaries are obtained by GPS tracking in the field and projected onto maps using Map Source software. Data conversion in QGIS is then necessary to create the “boundary” layer in polygon form.
Plot splitting rate
Land splitting is measured by the average number of parcels per farm and plot size (Djessonou, 2023). The dispersion coefficient of the plots (average distance between plots on the same farm) can also be calculated.
Agro-demographic index (ID) and spatial accessibility 
This is calculated to show how accessible rural areas are and how they are shared within agricultural and non-agricultural stakeholders. Such accessibility is evaluated based on infrastructure and maintenance activities that respect agricultural activity. Thanks to the agro-demographic index, it is possible to analyze pressure on land through changes in crop cultivation per capita in relation to demographic trends in the municipalities of Djakotomey and Aplahoue. This indicator for assessing anthropogenic pressure on natural resources is determined based on population growth determined from the years 1979, 1992, 2002, 2013, and 2050, using the formula employed by Wokou (2014):  ID= S/P where: S is the total cultivable area of the municipality and P is the population from 1979 to 2050. If:
ID<0,5 then the area is under severe pressure (highly threatened);
0,5<ID<1 then space is moderately threatened;
ID>7 then the space is under low pressure (not threatened).
Allan coefficient
Here, Allan’s L coefficient is calculated to assess the dynamics of agricultural land. It has been used to assess agricultural land fertility in Djakotomey and Aplahoué, based on the formula by Seydou (2020), which is: L = (C+ J) /C   (P14) where: C is the annual agricultural land development, J: the annual fallow or rest period.
- If L ≥ 5, then the land is well exploited and under no pressure;
- If L < 5, then the land is overexploited.
Extreme weather events analysis
Abnormal years have been determined in relation to the Standardized Precipitation Index used for this research (El-Hadji Biaou et al, 2024). Standardized anomaly indices are calculated with:   where Xi represents the average annual rainfall for year i; X̅ et σ(X) represent the mean and standard deviation of the series, respectively. This index considers a year to be normal if its index is between -0.1 and +0.1. It is considered wet when the index is greater than 0.1 and dry when it is less than -0.1. The computed trends have been used to confirm the sequential trends (upward or downward) highlighted by the moving averages and breaks, to characterize wet or dry years. In addition, a drought occurs when the index is consecutively negative and its value reaches an intensity of -1 or less, and ends when the index becomes positive. Droughts are classified according to the values of the index (Table 2).
The computed trends helped confirm the sequential drought trends highlighted by the index values. Sequential drought trends were identified based on variables (Moderately Dry, Severely Dry, Extreme Moisture, Severe Moisture, and Moderate Moisture). Trends are highlighted using a linear regression line: y = a x + b; where y is the value of any variable for which a trend is sought; a is obtained by calculating the slope, the regression coefficient whose positive (+) or negative (-) signs express respectively increasing and decreasing trends over time x and b, a constant such as: 
a =;   b =
[bookmark: _Toc98665680][bookmark: _Toc201832355]Data and information from field investigations are used to analyze farmers’ and institutions’ adaptation strategies to reduce the vulnerability of agricultural activities to environmental dynamics and effects.

Table 1. Defining Land Security areas
	Land security criteria
	Secure tenure level

	Completed subdivision
Allocated land reserve
Continuous occupation
Available sewage system
Available occupancy permit
Available land title
Urban core densification
Major infrastructure
	

High land security zones

	Available for occupancy
Subdivision in progress
Urban expansion
Low density occupancy
Basic infrastructure
	
Medium security zones

	Suspended housing development
Peripheral expansion
Discontinuous occupation
Urban constraints
	
Low land tenure areas


Source : Ali et al., 2023
[bookmark: _Toc138712401]Table 2: Index value determination
	Index value
	Drought spell

	-0,99 to 0,99
	Almost normal

	-1,00 to -1,49
	Moderately dry

	-1,50 to -1,99
	Severely dry

	-2,00 and less
	Extremely dry

	2 < IAS
	Extreme moisture

	1,5 <IAS < 1,99 
	Severe moisture

	1 < IAS < 1,49 
	Moderate moisture


Source : El-Hadji Biaou et al, 2024
[bookmark: _Toc506055567][bookmark: _Toc507000880][bookmark: _Toc507001776][bookmark: _Toc89249882][bookmark: _Toc91596779][bookmark: _Toc91596879][bookmark: _Toc91599040][bookmark: _Toc92323384][bookmark: _Toc113705902]3. Results and discussion	Comment by LENOVO: The results are presented systematically, following the research indicators (urban growth, agro-demographic index, plot splitting, conflict, environmental dynamics, and food security).

There are many relevant figures and graphs.

The discussion links the results to other studies (Djohy et al., 2015; OECD, 2022; Wang et al., 2021).

It is recommended to strengthen the analysis of the causal relationship between environmental dynamics and food security (e.g., how land fragmentation → decreased productivity → weakened food security).

More reflection is needed on local adaptation or mitigation strategies identified from field interviews.

Avoid excessive descriptive repetition—for example, several paragraphs on land conflicts could be summarized with a table or diagram comparing regions.
3.1. Town planning rate between 1990 and 2023 in the municipalities of Aplahoue and Djakotomey

[bookmark: _Toc201832612]The urban growth rate improved between 1993 and 2023. The rate varies from 2.45% in 1993 to 3.88% in 2023, a rise of 58.36% (Figure 1). Urban expansion often encroaches on agricultural land, mainly fertile land near cities. This shrinks areas available for subsistence farming, sometimes compelling farmers to relocate farther from markets or abandon their land. Cultivated land loss is mainly due to plot splitting, the scale of the land market, and urban expansion. 
3.2. Agro-demographic index in the municipalities of Djakotomey and Aplahoue
[bookmark: _Toc201832613]The agro-demographic index aims to quantify population pressure on agricultural land. The agro-demographic index for the municipalities of Djakotomey and Aplahoue shows a decline from 1979 to 2050. It dropped by 81.60 and 83.33 percent in the municipalities of Djakotomey and Aplahoue, respectively. A resident of Djakotomey had 2.12 hectares of land in 1979. By 2050, population growth will have reduced this area to 0.39 hectares. However, a single inhabitant of Aplahoue had only 2.04 hectares in 1979 and will have 0.34 hectares in 2050 (Figure 2). As the Agro-Demographic Index is below 0.5 ha/capita, it shows that agricultural land is under threat. There is therefore significant population pressure on the land, pointing to low land resources per agricultural capita. Land scarcity fuels tensions and disputes between individuals, families, and communities, exacerbating land insecurity. Customary land rights are often challenged by modern rights, creating ambiguities that are prone to conflict. Fewer people share the same amount of land (or less land), and the average size of plots is decreasing. This leads to plots becoming fragmented, making farming less efficient.
3.3. Plot splitting rates in the municipalities of Djakotomey and Aplahoue
Between 1990 and 2024, land splitting rates have increased dramatically. In fact, land splitting rates rose from 32% in 1990 to 81% in 2024, with a growth rate of 153.12% in the municipality of Djakotomey. In the commune of Aplahoue, however, plot splitting rates rose from 27% in 1990 to 86% in 2024, with an improvement rate of 218.51% (Figure 3). Land splitting is therefore more prevalent in the municipality of Aplahoue. Inheritance leads to excessive division of land, making farming less efficient. The land is divided among heirs with each generation, reducing the size of plots. Rural population growth and urban expansion reduce land availability, leading to intensification on smaller areas. Limited land availability in the municipalities of Djakotomey and Aplahoué forces some young people and those without land to migrate, often seasonally, to less saturated areas in search of fertile plots. This migration disrupts family structures and local labor availability.
3.4. Conflict and land tenure security in the municipalities of Aplahoué and Djakotomey
Land dispute rates rise between 1990 and 2015 in both municipalities before dropping between 2020 and 2024 (Figure 4). Land dispute rates vary from 34% to 52%, with a growth rate of 52.90% between 1990 and 2024 in the municipality of Djakotomey. In contrast, it varies from 39% to 57% with a growth rate of 46.15% between 1990 and 2024 in the municipality of Aplahoué. Higher dispute rates negatively affect agricultural productivity and the socioeconomic stability of farming communities. Indeed, growing land disputes create uncertainty about the ownership and use of agricultural land. Farmers are no longer confident to cultivate their plots in the long run, which hinders their initiatives. Land conflicts can result in farmers being evicted from their ancestral lands, forcing them to move or seek new plots, which are often less fertile or more remote. This particularly affects sensitive groups (women, minorities, young people), who often have less recognized customary rights or find it difficult to assert their formal rights. It appears that 57% of villages are areas with low land tenure security, 25% have medium security, and 18% are areas with high land tenure security (Figure 5). Land tenure insecurity is relatively high in the municipalities of Aplahoué and Djakotomey. This is is very noticeable in the municipalities of Aplahoué and Djakotomey. Inheritance leads to excessive division of land, making farming less efficient. Each generation divides the land among its heirs, reducing the plot size. Growing rural populations and urban expansion are reducing land availability, pushing for intensification on smaller areas. The purchase or sale of small portions of land also contributes to fragmentation. The market value of peri-urban land is escalating. Farmers are encouraged to sell their plots to real estate developers or speculators. This land then becomes uncultivated land reserves, immediately reducing food production. Land tenure confusion (customary vs. modern/titled) and competing uses in peri-urban areas increase land conflicts. The first to be evicted are tenant farmers or those with weak customary rights, who lose their means of production. Escalating land conflicts and the prevalence of precarious forms of access (renting, borrowing) prevent farmers from making long-term investments in soil fertility (e.g., agroforestry practices, construction of small dams), which undermines future productivity.
3.5. Impact of environmental dynamics on subsistence farming and food security
Land pressure intensifies environmental degradation, creating a vicious cycle that reduces food crop yields.

3.5.1 Rapid soil degradation
Allan’s L coefficient has been used to characterize farmland fertility levels in the municipalities of Djakotomey and Aplahoué. The use of arable land varies from one district to another in the municipalities of Djakotomey and Aplahoué (Table 3). Arable land is more exploited in the districts of Azovè and Djakotomey I than in the other districts of the municipalities of Djakotomey and Aplahoué. The Allan L coefficient values obtained in the different districts are all below five (5). This result therefore reflects the overexploitation of arable land in the municipalities of Djakotomey and Aplahoué. Land pressure compels farmers to reduce or even eliminate fallow periods in order to continuously exploit the land. This leads to soil depletion, loss of natural fertility, increased erosion, and greater dependence on chemical fertilizers, making subsistence farming more financially risky and potentially leading to groundwater pollution. In addition, the reduction or even elimination of traditional fallow practices for soil replenishment leads to chronic mineral depletion. Lands are continuously exploited, which reduces staple crop yields (corn, yams, cassava) structurally. 
3.5.2. Extreme weather analysis between 1961 and 2023 
Rainfall analysis from 1961 to 2023 shows a downward trend. The R2 coefficient of determination is very low (below 50%), indicating that a linear downward trend in rainfall levels cannot be concluded for recent years. The indices range from -2.05 to 3.72 over the study period (1961-2023) (Figure 6). Deficit years are more common during this phase, pointing to the onset of rainfall recession in the 1990s. The second phase begins with the rainfall signal in 1991. Indices for the period 1991-2020 range from -0.55 to 0.65. The second phase is marked by abnormal positive and negative anomalies. The period is characterized by 55% of dry years and 45% of rainy years. In addition, 3.22% of years are moderately dry and extremely dry, 12% are severely wet, 2% are extremely wet, and 79.56% are normal. The most severely rainy years are 1962, 1963, 1988, 1991, 2007, 2008, 2013, and 2019, and the most extremely rainy year is 1968. Moderately dry years have been 1961 and 1966. Extremely dry years have been 1989 and 1990. Rainfall levels in average years can satisfy crop water requirements and, as a result, produce a reasonable yield. Deficit years only benefit crops that require small amounts of water for their development. Excess years only benefit crops that require large amounts of water. Changes in rainfall patterns and annual totals already attest to rainfall variability in the research area. Severe rainfall deficits and surpluses raise significant challenges for agricultural production. The interannual evolution of maximum and minimum temperatures reflects the climatic conditions in which crops grow. Maximum temperatures over the period from 1961 to 2023 have fluctuated irregularly and shown a general upward trend between 1990 and 2023 (Figure 7). The trend line equations have a positive slope and more or less justify an upward trend in maximum temperatures from 1961 to 2023. However, there has been a variation in annual minimum temperatures during the period from 1961 to 2023. The trend line equations have a positive slope and more or less justify an upward trend in maximum temperatures from 1961 to 2023. In fact, the rise in temperature implies high evaporative demand and, consequently, increased soil drying, resulting in water deficits for crops. The highest temperatures in the municipalities of Aplahoué and Djakotomey will increase as much as extreme weather events in terms of frequency and intensity, affecting subsistence farming. 
Agricultural activities are highly sensitive to climate variability due to their hydro-climatic requirements. Reduced precipitation and increased temperatures tend to gradually increase aridity, thereby negatively impacting agricultural yields. Views focus on rainfall changes observed by local populations in the municipality of Djakotomey (Figure 6). In fact, 25%, 24%, 19%, and 17% of respondents noticed a decrease in annual rainfall, shorter seasons, a late start to the rainy season, and poor rainfall distribution, respectively. Only 14% of these farmers reported early onset of rains in the commune of Djakotomey. Agricultural production is therefore more threatened by declining rainfall levels, shorter rainy seasons, late onset, and poor distribution of rainfall than by early onset of rains in the communes of Djakotomey and Aplahoue. According to G. Djohy et al. (2015); EL-Hadji Biaou et al. (2024), the main risks threatening populations are floods and droughts, strong winds, and late rains. Similarly, 67% of the survey area has an average exposure rate to flooding, 23% has a high exposure rate, and 10% has a low exposure rate. Furthermore, there are differences in the level of exposure in both communes. Extended flooding suffocates plant roots, causing food crops (corn, cassava, cowpeas, etc.) to rot and die. The loss can be total or partial depending on the duration and height of the water. Flooded land remains unusable for a long time, disrupting the agricultural calendar and preventing timely sowing, which reduces the growing period of crops and exposes them to other hazards (late droughts).
The impact of environmental dynamics also affects livelihoods and production activities. The varying degrees of yield losses observed in cereals and vegetables have economic implications. Corn losses amount to 310.54 kg. Peanuts recorded a loss of less than 100 kg per farm and per total area planted (Table 4). Yield losses are a deficit for farmers in the communes of Djakotomey and Aplahoué. Thus, corn is highly vulnerable to climate variability. According to the OECD (2022) and Namodji et al. (2024), rainfall variability (delays or excessive intensity) has a direct impact on agricultural calendars. Land deterioration reduces soil water retention capacity, making food crops more susceptible to droughts or excess water.
3.6. Direct impact on food security
The combination of land and environmental issues results in increased food insecurity. Land and environmental dynamics lead to a decline in food availability (41% of respondents), unequal access and increased vulnerability (36%), and a shorter storage period (23%) (Figure 9). Falling yields per hectare and available land lead to insufficient food production to meet households’ annual needs. The production deficit is progressively increasing. Household stocks are depleted more rapidly, extending the lean season (the period when households must purchase food).
Households without land or with very small plots are forced to purchase a large portion of their food, making them vulnerable to fluctuating market prices. Declining agricultural incomes and the need to purchase food can lead to negative coping strategies (reducing the number of meals, consuming lower quality food), increasing the risk of malnutrition, particularly among children and women. According to Wang et al. (2021), land and environmental dynamics form a powerful vicious circle: pressure on land leads to overexploitation that spoils the environment, causing lower food yields and weakening the food self-sufficiency of the peasantry.

[bookmark: _Toc201832324]Figure 1.1990 to 2023 Urbanization Rate in the Municipalities of Aplahoue and Djakotomey
Source : INStaD data processing, 2024

[bookmark: _Toc138712378][bookmark: _Toc201832325]Figure 2. Changes in the agro-demographic index in the municipalities of Djakotomey and Aplahoue
Source : Calculation results, january 2025


[bookmark: _Toc201832326] Figure 3. Plot splitting rates in the municipalities of Djakotomey and Aplahoue
 Source : Fieldwork calculation results, january 2025

[bookmark: _Toc201832315]Figure 4. Dispute rates in the municipalities of Aplahoué and Djakotomey between 1990 and 2024
Source : Field survey, january 2025

[bookmark: _Toc201832313][image: ]
Figure 5. Land tenure security in the municipalities of Aplahoue and Djakotomey


[bookmark: _Toc201832386]                    Table 3. Agricultural land fertility levels in Aplahoué and Djakotomey
	

Districts
	Average cultivation period (years)
	Average duration of fallowing (years)
	Allan L Coefficient

	ATOME
	12
	4
	1.33

	AZOVE
	10
	2
	1.2

	DEKPO
	11
	3
	1.27

	GODOHOU
	10
	3
	1.3

	KISSAMEY
	10
	3
	1.3

	LONKLY
	11
	4
	1.36

	APLAHOUE
	12
	4
	1.33

	ADJINTIMEY
	12
	4
	1.33

	BETOUMEY
	10
	2
	1.2

	GOHOMEY
	11
	3
	1.27

	HOUEGAMEY
	10
	3
	1.3

	KINKINHOUE
	10
	3
	1.3

	KOKOHOUE
	11
	4
	1.36

	KPOBA
	12
	4
	1.33

	SOKOUHOUE
	10
	3
	1.3

	DJAKOTOMEY I
	11
	3
	1.27

	DJAKOTOMEY II
	12
	12
	4


              Source : Field survey, january 2025

Figure 6. Standardized precipitation index trends in the municipality of Djakotomey from 1961 to 2023
Source : Meteo-Benin, 2024

[bookmark: _Toc497924878][bookmark: _Toc201832322]Figure 7. Interannual change between 1961-2023 in average maximum and minimum temperatures in Aplahoué and Djakotomey
Source : Meteo-Benin data, 2025

[bookmark: _Toc151259197][bookmark: _Toc201832323][bookmark: _Hlk201060813]Figure 8. Farmers’ views on rainfall variations in Aplahoué and Djakotomey
                             Sources: Field survey, jully 2025
[bookmark: _Toc70447673][bookmark: _Toc201832388]              Table 4. Average losses per area planted for each crop
	
	Corn (ha)
	Corn loss
	Peanut (ha)
	Peanut loss
	Cowpea (ha)
	Cowpea loss

	
	Valid
	228
	228
	228
	228
	228
	228

	Average. 1
	1,612
	183,24
	1,18
	84,5
	0,98
	104,19

	Average. 2
	-
	310,54
	-
	99,64
	-
	102,28

	Total
	580,3
	110 825
	391,5
	33 080
	321,0
	33 445

	Cost
	
	15432500 
	
	17850500 
	
	18043000 


 * estimated in kg; 
  Average 1 = Total loss ratio/total area (kg/ha);
   Average 2 = Total loss ratio/number of farms (kg/farm)
          Source : Field survey, june 2025


Figure 9. Impact of land and environmental dynamics on food security in Aplahoué and Djakotomey
          Sources: Field survey, jully 2025
4. Conclusion	Comment by LENOVO: The conclusion clearly summarizes the main findings: that land and environmental dynamics worsen food availability and prolong the lean season.

It's a good idea to add policy recommendations or local adaptations as follow-up, for example:

the need for land-use planning,

strengthening land tenure rights, or

early warning systems for floods and droughts.

Don't add new data in the conclusion; focus solely on synthesis and implications.
Flooded land in the municipalities of Djakotomey and Aplahoue remains impassable for extended periods, disrupting the agricultural cycle and preventing timely sowing, which shortens the growing season and exposes crops to other hazards (late droughts). Environmental and land dynamics result in reduced food availability, unequal access, increased vulnerability, and shorter storage periods. Falling yields per hectare and reduced available land lead to inadequate food production to meet households’ annual needs. The production shortfall is ever more pronounced. Household stocks dry up more quickly, extending the lean season (“period of food scarcity” when households must purchase their food).
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Djakotomey	1979	1992	2002	2013	2024	2050	2.12	1.85	1.23	0.85	0.52	0.39	Years


Agrodemographic index (P/ha)




Aplahoué	1979	1992	2002	2013	2024	2050	2.04	1.71	1.1200000000000001	0.76	0.47	0.34	Years


Agrodemographic index (P/ha)




Djakotomey	1990	1995	2000	2005	2010	2015	2020	2024	32	40	47	51	59	65	70	81	Aplahoué	1990	1995	2000	2005	2010	2015	2020	2024	27	38	45	56	61	70	81	86	Years


Plot fragmentation rate (%)




Djakotomey	1990	1995	2000	2005	2010	2015	2020	2024	34	43	45	48	53	85	72	52	Aplahoué	1990	1995	2000	2005	2010	2015	2020	2024	39	41	47	50	63	90	65	57	Years


Land dispute rate (%)




Indice pluviométrique	
1961	1962	1963	1964	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	-1.035514785993134	3.2545923051856569	3.5540483588087226	-0.67238942497568577	-2.0817988253045379E-2	-1.2656845370776582	0.53737090419792188	3.7208029021509939	2.4117972900240772E-2	-0.32905059678886345	-0.59164511977837586	0.69008295967979139	2.1660537524669912E-2	0.60126422396274992	0.5819558031546983	-0.77981445710775865	-1.6925761680338705	-0.63201727237703087	0.4492542928739014	0.20631925288895225	-0.54179428787394956	0.6005620995697305	-0.40979490198617374	-0.29254012835181864	-0.58778343561676449	-0.95113280900465946	3.9915771743191913E-2	0.37447804501726317	-2.0113406424649898	-2.0579617021615237	0.13224512942533348	-0.2191681292812197	0.66656179251361924	-0.39153966776765092	-4.0477471257608671E-2	1.2532920415408315E-2	0.65918948638690855	-0.17001942176981369	-0.14123232165598998	-0.41857145689892439	0.27838359028552123	0.34970754117929392	6.0326787232216385E-2	0.19222066909718571	4.3264793754124994E-2	-9.1648593728538799E-2	0.14556394708944187	-5.254063576502329E-2	-0.55255870761812154	0.19010708820299169	2.8738290233046498E-2	-4.0477471257608671E-2	1.2532920415408315E-2	0.65918948638690855	-0.41311606170892623	-0.45675327809897798	-0.14932829797898872	-8.7646855416022407E-2	-0.11724158394567009	-0.48005641473063987	1.1452598769397093E-2	0.21354658956569772	-0.14532289194781334	Years


Rainfall indices (mm)



T°Max	
1961	1962	1963	1964	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	29.95025	29.792833333333331	30.400583333333334	29.792666666666666	29.857916666666668	30.515166666666662	30.251916666666663	30.524416666666664	30.713250000000002	31.127333333333336	30.544499999999999	30.56925	31.015000000000001	29.768416666666667	29.829583333333328	29.584083333333339	30.203666666666663	29.65783333333334	29.989166666666673	29.921999999999993	30.071916666666667	29.810583333333337	29.922333333333338	30.108583333333332	29.79025	29.380750000000003	30.540750000000003	30.324333333333328	30.144416666666668	30.104333333333333	30.050583333333332	30.189916666666665	30.616	30.491666666666671	30.800333333333331	30.446666666666669	30.274666666666665	31.070833333333329	30.281083333333331	30.865083333333335	31.120166666666663	30.972666666666669	30.680250000000001	30.470416666666665	30.580916666666667	30.72	30.558666666666667	30.904666666666667	30.663333333333338	31.103666666666665	30.69875	30.696749999999994	30.89	30.78	31.11	31.45	30.56	30.56	31.02	30.22	31.12	31.56	31.23	Years


Maximum temperature (°F)



T°Mini	
1961	1962	1963	1964	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	23.771083333333337	23.714416666666665	24.26433333333333	23.919749999999997	23.81775	24.098333333333329	23.752249999999993	23.996083333333331	24.416499999999999	24.371416666666665	23.950749999999999	24.324749999999998	24.714750000000006	23.904250000000001	23.527166666666663	23.939499999999995	24.675666666666672	24.319999999999997	24.778416666666661	24.561250000000001	24.607166666666668	24.252333333333336	24.536666666666672	24.551499999999994	24.451999999999998	24.349916666666669	25.332666666666668	24.777833333333334	24.276	24.727833333333336	24.730999999999998	24.518000000000001	24.528833333333328	24.708500000000001	24.90816666666667	25.042999999999996	24.531000000000002	25.189916666666665	24.714749999999995	25.061250000000001	25.134916666666669	25.058583333333335	24.953833333333336	24.755166666666668	25.027416666666667	25.298999999999996	24.855749999999997	24.854749999999996	25.245833333333337	25.690333333333339	25.168583333333331	25.158416666666668	25.56	25.59	25.76	25.88	25.67	25.34	25.89	25.77	25.87	28.11	28.18	Years


Minimum temperature (°F)



Proportion	Baisse des pluies annuelles	Raccourcissement des saisons	Démarrage tardif des pluies 	Mauvaise répartition des pluies	Démarrage précoce des pluies 	25	24	19	17	14	Farmers' views


Proportion (%)



Proportion	
Baisse de la disponibilité alimentaire 	Raccourcissement de la période de stockage 	Accès inégal et augmentation de la vulnérabilité 	41	23	36	

Taux	1993	2003	2023	2.4500000000000002	3	3.88	Years


Urbanization rate (%)
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