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Abstract

This study examines the determinants of the profitability of okra cultivation at Masina Rail 1 in the N'djili River
watershed in Kinshasa. 1t reveals that profitability is influenced by several factors, including production costs, selling prices
and guantity sold. Profitability simulations show that climatic conditions, such as periods of scarcity, increase profit
margins, while flooding bhas a negative impact on profitability. Multiple linear regression analysis confirmed significant
relationships between independent variables and profitability, with an R? of 99.9%, underlining the importance of
optimizing costs and increasing cultivated area. The results provide recommendations for improving growers' profitability,
in particular by adopting adaptive strategies in the face of market fluctuations and climatic hazgards.
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Déterminants de la rentabilit¢é économique du systeme d'irrigation de surface par les
producteurs de gombo sur le site de Masina Rail 1 dans le bassin versant de la riviere N'djili,
Kinshasa

Résumé

Cette étude examine les déterminants de la rentabilité de la culture de gombo a Masina Rail 1 dans le bassin versant de la
riviere N djili a Kinshasa. Elle révele que la rentabilité est influencée par plusienrs factenrs, notamment les codits de
production, les prix de vente et la quantité vendue. Les simulations de rentabilité montrent que les conditions climatiques,
commee les périodes de pénurie, angmentent les marges bénéficiaires, tandis que les inondations impactent négativement la
rentabilité. 1.'analyse par régression linéaire multiple a confirmé des relations significatives entre les variables indépendantes
¢t la rentabilité, avec un R? de 99,9 %, soulignant l'importance d'optimiser les coiits et d'accroitre les superficies cultivées.
Les résultats fournissent des recommandations pour améliorer la rentabilité des productenrs, notamment en adoptant des
stratégies adaptatives face aux fluctuations du marché et anx aléas climatigues.
Mots clés : Bassin versant, Déterminant, Rentabilité économique, Riviere N’djili, systeme d’irrigation de surface
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I. INTRODUCTION

The Democratic Republic of Congo (DRC) is experiencing rapid population growth, which is driving up demand
for food. This situation underlines the importance of efficient agricultural intensification, particularly through
irrigation, which represents an essential lever for improving crop productivity (FAO, 2007). In this context,
gombo, as a food crop, plays a crucial role in food security and farmers' incomes, particularly in the Kinshasa
region.

The N'djili river watershed, with its irrigated land, offers considerable potential for gombo production.
However, the economic profitability of surface irrigation in this region is influenced by various determinants,
such as investment costs, cropping practices and water resource management (World Bank, 2023a). Small-scale
irrigation systems, although less costly, require appropriate management to maximize their efficiency and
profitability.

Surface irrigation, while effective, is subject to challenges such as climatic variations and access to financial
resources. Growers' dependence on these systems can affect their ability to adapt to the impacts of climate
change, reducing productivity and yields (Tillie et al., 2019). In addition, managing the costs associated with
irrigation, labor and agricultural inputs is key to assessing the economic viability of gombo cultivation.

Previous studies have often highlighted the technical aspects of irrigation, but few have focused on the economic
determinants specific to surface irrigation systems for gombo in the N'djili River watershed. This research
therefore aims to fill this gap by analyzing the factors influencing the economic profitability of these irrigation
systems, taking into account the specific agro-ecological and socio-economic features of the region.
Understanding the determinants of the economic profitability of the surface irrigation system for gombo
cultivation at the Masina Rail | site is crucial to formulating sustainable and effective strategies. This will not only
improve agricultural productivity, but also enhance food security in the face of growing environmental
challenges.

This study answered the question: What are the main determinants of the profitability of gombo cultivation in
the study site? The study supported the hypothesis that the profitability of gombo cultivation is positively
correlated with selling prices and quantities sold, while production costs and flooding have a negative impact on
this profitability. Thus, the study sought to analyze the impact of production costs, selling prices and quantities
sold, as well as marital status and irrigable area on the profitability of gombo cultivation, while assessing the
effects of climatic risks, particularly flooding.

MATERIALS AND METHODS

Presentation of the Masina Rail | site

The Masina Rail | market garden site is located in the Malebo Pool part of the N'djili river watershed. The
Masina Rail | agricultural site is located in the Mfumu-Sunka district of Masina commune, and was established in
1969 when the Chinese arrived. It is bounded to the north by the Congo River, to the south by the railroad, to
the east by the Masina Rail 2 site, and to the west by the Ngwele River, otherwise known as the N'djili River. It
covers a total area of 1,350 ha, 760 ha of which is under cultivation, the remainder being uncultivated due to
the lack of hydro-agricultural development. The site comprises 21 blocks and counts 1,200 households with 5
or 6 people per household.
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Figure I: Map of study area

Sampling methods and techniques
In this study, the sampling technique used the following formula to draw our sample (Lututala, 2022):

n=z2xp(1l—p)/m? (Equation 1)

With :

n= sample size

z= confidence level according to the reduced centered normal distribution (for a 95% confidence level z= 1.96,
for a 99% confidence level z= 2.575)

p= estimated proportion of the population exhibiting the characteristic (when unknown, o, use p=0.5, which
corresponds to the worst case, i.e. the widest dispersion)

m= tolerated margin of error (for example, we want to know the real proportion to within 6%)

n = (1,96)?x(0,5)(1 — 0,5)/(0,62) (Equation 2)
n =267

Data collection techniques

The research aimed to collect quantitative data on production costs, selling prices, quantities sold, marital status
of producers and irrigated area, based on questionnaires and interviews with gombo producers practicing the
small-scale irrigation system at the study site.

The survey was carried out using a questionnaire previously programmed into Kobocollect. It was carried out
with 25 producers in each block of the perimeter, taken at random, for a total of 10 functional blocks at the
time of data collection, i.e. a total sample of 250 producers. Producers were selected at random from the entire
site. On the sample perimeter, visits were made to water sources, irrigation canals and production plots.
Observations were also made of how water was supplied to the plots and how production was organized.

It should be pointed out that, in the context of our study, due to the lack of growers present because the blocks
were already under water, we only surveyed 250 growers. In this case, 250/267 of the sample size is a 94%
success rate, and the remaining 17 individuals are included in the wastage rate. Of the 250 producers surveyed,
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182 were okra producers and the remainder were rice and amaranth producers. These 182 producers formed
the basis of our analysis.
Data analysis techniques
The data collected as part of this study were analyzed using a number of tools and methods, such as profitability
simulation analysis, descriptive statistics, mean comparison tests and multiple linear regression for determinant
analysis. Analysis of the data collected was carried out using SPSS 25 software and Excel 2019 spreadsheet.
Simulation analysis of profitability
The study began by assessing climatic risks to identify the impact of flooding and drought on profitability. It
integrated historical data on these climatic factors with producer testimonials within the same conceptual
framework.
Subsequently, the simulation analysis consisted of a synthesis of sales price and income scenarios from gombo
cultivation based on climatic fluctuations observed between 1991 and 2021.
To carry out the simulations of the periods of scarcity and abundance, a ratio was found to apply with the
reference scenario. This ratio was found by taking the precipitation data series of the study area; starting from
the year 1991 to 2021 in order to find or identify the year with the most abundant precipitation and the year
with the most severe drought. For our data series, 1996 was the year of severe drought, and 2020 was the year
of abundant rainfall in the study area. We divided the quantity of the abundant situation by the quantity of water
in the reference situation, and did the same for the abundant situation:
Ratio(scarcity) = Precipitation | 996/Precipitation202 |

=1296,11/2060,39

=1,590
Ratio(abundance) = Precipitation2020/Precipitation202 |

=3005,18/2060,39

=0,686
Table | presents the 3 scenarios used in this profitability study and the corresponding ratios.
Table |. Basic scenarios for price and income simulation

Precipitation
: Ratio
Scenario Period (year) Value (mm)
Reference 2021 2060,39 1,000
Shortage 1996 1296,11 1,590
Abundance 2020 3005,18 0,686

To obtain the prices and revenues for each scenario, we multiplied the found ratio of precipitation by the
reference scenario selling price to find the selling price in the shortage and abundance scenarios. The same
procedure was applied to revenues.

R = Qty x PV (Equation 3)

MB = R-CT (Equation 4)

Where :

R is total income or revenue
Qty is quantity sold

PV is the selling price

MB is profit margin

TC is total cost
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Computer simulation models: These models use computer software to simulate the operation of a system.
They may be based on mathematical models, algorithms, rules or interactions between different system
components. Computer simulation models are used in many fields, such as finance, environmental sciences,
engineering, logistics, health, etc. In the case of our study, we used the scenario analysis tool, specifically the
scenario manager in Excel, and MATLAB to simulate the profit margins and profitability of the different irrigation
systems.

To carry out a sensitivity analysis, we first identified the model parameters that could vary, then set up a base
model with initial values for each parameter, and finally modified each parameter individually to observe changes
in the result.

The methodology for calculating sensitivity in our example is based on a comparative analysis of profit margins
and profitability between the initial situation and the scarcity and abundance scenarios. First, we collected margin
and profitability values for each sales unit in the three situations. Then, for each unit, we calculated the variation

using the formula :
Value in current situation—Value of reference situation
S= x100

Value of reference situation
This enabled us to obtain variations which, when positive, indicate favorable sensitivity (increase in case of

shortage), while negative variations signal unfavorable sensitivity (decrease in case of abundance). Finally, by
comparing results between different sales units, we were able to identify those most sensitive to changes in
product availability, thus facilitating strategic decision-making.

Statistical analysis of profitability drivers

Multiple linear regression was used to analyze the relationships between the independent variables (costs, selling
price, quantity sold, marital status, irrigated area) and the dependent variable (profitability). The regression
results were used to determine the relative importance of each determinant, and to formulate
recommendations based on the findings.

Model specification

Y = Bo+ Xy + Xy + - PpXp + €

R =y + 1CTG + B,URP + B3QVS + BySM + fsUAA + BgF + ¢
With
UAA is useful agricultural area
URP is the unit rice price
QGS is the quantity of gombo sold
CTG is the total cost of gombo production
F is flooding
MS is marital status
In this equation, R is used to represent the probability ratings of the profitability or profit margin of the irrigation
system. The regression coefficients S, B1, B2, B3, B4 quantify the impact of each independent variable on the
probability of profitability. € denotes the concept of random error. In order to estimate the regression
coefficients, a statistical method such as maximum likelihood is used. Once the coefficients have been calculated,
they can be used to analyze the influence of each independent variable on the probability of profitability of the
irrigation system. In this model, the independent variables include elements such as:
e Perception of flooding (1)
e Unit price of gombo belly (PUVG)
e Quantity of gombo sold (QVG)
e Total cost of gombo production (CTG)
e Marital status (MS)
e Useful agricultural area (UAA)
Parameter nullity test
tBo = Bo /(SePo )=1.96 (sig 5%)
tB1 = B1 /(SeBi )=1.96 (sig 5%)
tB2 = B2 /(Se2 )=1.96 (sig 5%)
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tB3 = B3 /(SePs )=1.96 (sig 5%)

tB4 = B4 /(SeP4 )21.96 (sig 5%)

tBs = Bs /(SePs )=1.96 (sig 5%)

tBs = Bs /(SePe )21.96 (sig 5%)

Model relevance test

The determinants of profitability for gombo cultivation were estimated using multiple linear regression,
collecting data on production costs, selling prices, quantities sold, marital status and irrigated area from a sample
of growers. The coefficients were estimated using the least-squares method, with significance tests to validate
the relationships. The model was able to predict profitability by inserting values for each variable, and its
robustness was confirmed by analysis of variance tests, displaying an R% This approach identified the key
determinants influencing profitability, providing useful recommendations for gombo growers to adjust their
strategies.

Model validation

Statistical validation of the determinants of profitability in gombo cultivation was carried out through rigorous
methodological steps. Each coefficient was examined for its impact on profitability, with significance tests
showing that all were significant, except for flooding. Residuals were checked for normal distribution, and
homoscedasticity was assessed to ensure consistency of error variance. Multicollinearity was analyzed by the
variance inflation factor (VIF), and independence of observations was guaranteed. Analysis of variance (ANOVA)
confirmed the model's relevance, with an R? indicating an excellent fit and a Fisher test at the 1% threshold.
Cross-validation techniques were also considered to test the robustness of the results, reinforcing the credibility
and applicability of the conclusions for gombo growers.Discussion of the results enabled comparison with similar
studies in other regions to assess the robustness and relevance of the conclusions.

RESULTS

Simulation-based analysis of gombo profitability

Profitability calculation for the reference scenario

With regard to the analysis of the profitability of gombo cultivation at the Masina Rail | site, the results in Table
| below show that gombo cultivation is profitable under the conditions prevailing in the study area. For the Bac
sales unit of 30 kg in an area of 2329.5 m2 of surface irrigation, growers achieved a profitability of 501%, in
contrast to the sprinkler irrigation system with motor pump or sump, whose profitability was 713% with the
same sales unit and an area of 2207.5 m2. Compared with other sales units and irrigation systems, it should be
noted that the sprinkler irrigation system achieved a higher profit margin than the surface irrigation system. In
terms of recommendations to growers, it would be best to use the sprinkler irrigation system, even if water
use is not efficient (Table I).

Table I: Profitability of gombo by sales unit (CDF)!

GOMBO
Sales unit Irricati " UAA Price Total Total Prof
rrigation system (m?) list Qty revenue Cost margin Prof
Bac of 30 ke Surface irrigation 2330 68409 66 4514994 751347 3763647 501
~ 7 Sprinkler irrigation 2208 70399 66 4646334 571249 4075085 713
Hal;,faﬁ“’f Surface irrigation 2000 30000 126 3780000 81000 3699000 4567
50 kg basket Surface nrigation 2000 105000 40 4200000 630000 3570000 567
I Note:
1$ =2700 CDF

Simulation of gombo profitability in the event of climatic risks

The results show significant variations in the profitability of gombo cultivation according to the scenarios
(reference, shortage, abundance) and the irrigation systems used. For example, for the 30 kg tub under surface
irrigation, income rises from 4514994 in the reference scenario to 7178841 in the event of a shortage, indicating
that efficient irrigation practices can maintain or even improve profitability even in times of climatic stress. In
the abundance scenario, on the other hand, income drops to 3097286, suggesting that overly favorable
conditions can adversely affect profitability, often due to overproduction or falling prices. This trend is also
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observed for 25-liter half-bins and 50-kg baskets, where revenues are higher in times of shortage. These results
underline the importance of rigorous management of water resources and a marketing strategy that is adaptable
to climatic fluctuations. In short, irrigation systems are crucial to the profitability of gombo cultivation, and
strategic planning is needed to maximize income according to climatic conditions, thus offering avenues for
optimizing production and growers' incomes. (Table 2).

Table 2: Summary of gombo revenue scenarios (CDF)!

Reference

Sales Unity Price List S 4 Shortage Abundance
cenario
Value Ratio Value Ratio Value
PL Swrface Tirigation Bac 68409 1,59 108770 0.686 46929
Bac of 30 Kg - - = -
PL Sprinkler Trrigation Bac 70399 1.59 111934 0,686 48294
Half can of 25 T. PI._Surface Irrigation Can 30000 159 47700 0,086 20580
50 kg basket  PL Surface Irrigation Basket 105000 1,59 166950 0.686 72030
Unité de vente Gombo income
Income Surf Il'flf_’ Bac 4514994 1.59 7178841 0.686 3097286
Bac of 30 Kg ? i
Income Sprinkler Irrig Bac 4646334 1.59 7387671 0.686 3187385
Half can of 25 L Income Swrf Trrig Can 3780000 1.59 6010200 0.686 2593080
50 kg basket  Income Surf Irrig Basket 4200000 1,59 6678000 0.686 2881200
I Note:
1$ =2700 CDF

Gombo profit margin scenarios

The results concerning selling price and profitability scenarios for gombo farming highlight the significant impact
of price fluctuations on growers' profit margins. In the reference scenario, prices are stable for each type of
sales unit, but in the event of a shortage, profit margins increase considerably, as in the case of the 30 kg tub,
where the margin rises from 3763646 to 5984198. On the other hand, in a scenario of abundance, the margin
falls to 2581862, showing that overproduction conditions can lead to lower prices and profits. This trend can
be observed for all sales units, indicating that profitability is strongly influenced by prices, which vary according
to climatic conditions. Consequently, growers need to adopt flexible and responsive pricing strategies to
maximize their margins in the face of supply and demand fluctuations.

Table 3: Gombo profit margin scenarios (CDF)!

Sales Unity Price List Referen.ce Shortage Abundance
Scenario
Value Ratio Value Ratio Value
N PI. Surface Iirigation Bac 68409 1.59 108770 0.680 46929
Bac of 30 Kg
Halfcan of 25 L PL Surface Irrigation Half Can 30000 1.59 47700 0,686 20580
50 kg basket PL Surface Irrigation Basket 105000 1.59 166950 0.686 72030
Sales Unity Profitability margin
Bac of 30 K PM_ Surface Irrigation Bac 3763647 1.59 5984198 0.686 2581862
U2 PM Sprinkler Irrigation Bac 4075085 1,59 647938 0,686 2795508
Halfcanof 25 L PM_Surface Irrigation Half Can 3699000 1.59 5881410 0.686 2537514
50 kg basket PM Surface Irigation Basket 3570000 1.59 5676300 0.686 244902C
I Note :

1$ =2700 CDF

Sensitivity analysis of gombo profitability

The study of profit margins for gombo cultivation in the Masina Rail | met study area reveals significant results,
particularly in relation to the irrigation systems used. With regard to the surface irrigation system, commercial
units such as the 30 kg tub and the 25 L half-bottle show a sharp increase in profit during periods of shortage,
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reaching 5984198 Fc and 5881410 Fc respectively. This suggests that a shortage of water resources gives
growers the opportunity to improve their margins by optimizing the management of available costs and prices.
In contrast, when water resources are plentiful, each unit experiences a significant reduction in profit margin,
reaching reductions of up to -31.4%. This negative sensitivity underlines the fact that, although irrigation systems
have their strengths, excessive production can put a strain on prices, thereby restricting profitability.
Consequently, the strategic use of irrigation in this sector is essential to optimize profits while minimizing the
adverse effects of climatic variations.

Table 4: Sensitivity of gombo profitability (CDF)!

Sales Unity Price List Eéeferen_ce Shortage Abundance
cenario
Value Ratio Value Ratio Value
PM Surface Iirigation Bac 3763647 1,59 5984198 0.686 2581862
Bac of 30 Kg - — " -
Halfcan of 251. PM_Surface Imrigation Half Can 3699000 1,59 5881410 0,686 2537514
50 kg basket PM Surface Irrigation Basket 3570000 1,59 5676300 0,686 2449020
Sales Unity Profitability sensibility
of - igati 100% 59% -31.4%
Bac of 30 Kg Prof Sm. face_[ur:f:zah(.)u_Bac 0 "f’ f 70
Prof Sprinkler Trrigation Bac 100% 59% -31,4%
Halfcan of 25 L  Prof Swrface Irigation Half Can 100% 59% -31,4%
50 kg basket Prof Surface Trrigation Basket 100% 39% -31.4%
I Note :

1$ = 2700 CDF
Statistical analysis of the determinants of profitability of gombo cultivation
Multiple linear regression

MBG = -4529854,98 - 1,003 * TCG + 6253,531 * MS + 4,924 * JUAA - 8573,623 * F + 65,997 * PUG
+ 68454,181 * QSG

(t=123,4) (t=201,5) (t=2,99) (t=3,27) (t=-2,22) (t
=268,7) (t=128,2)
Table 4: Determinants of profitability of gombo cultivation
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Standardized
coefficients t Sig.
Model variables Unstandardized coefficients Beta
Standard
B error
(Constant) -4529854 98*** | 36717898 -123.369 | 0,000
Total cost gombo (TCG) =003 * = 0.005 -0.546| -201.527| 0.000
Marital status (MS) 6253,531***%| 2091,702 0,008 2,991 0,003
Irrigated UAA in Ha
(IUAA) 4,924%** 1,505 0.009 3,272 0,001
Flooding (F) -8573.623%* 3863.75 -0,006 -2,219] 0,028
Price/selling unit gombo
(PUG) 65,997 %* 0,246 0.752| 268,719 0.000
Quantity sold gombo (QSG) 68454 181#%* 533,962 0,363 128,201 0.000
Observation = 182
Validation of multiple linear regression model 2= 20
Prob = F = 0.000
F=22788.212

I Note :

ok« significant at 1% (p<0.01) ;

** ¢ significant value at 5% (0.01< p<0.05) ;

*: significant value at 10% (0.05< p<0.10).

The model analyzing the profit margin of gombo cultivation revealed positive results (p < 0.000), with several
explanatory variables included, such as useful agricultural area sown, marital status, total cost of production,
perception of flooding, price per sales unit and quantity sold. These variables explained 99.9% of the profit
margin for gombo sold in tubs, half 25 L cans and 50 Kg baskets, grown with a micro-scale irrigation system.
The use of agricultural land had a significant and positive impact on the profit margin, while the total cost of
production was negatively correlated, with each increase of one Congolese franc reducing the margin by -1.003
Fc. Producers' marital status also showed a positive impact on profitability, suggesting that family involvement
favors profit realization. In contrast, flooding had a negative impact on profit margins, reducing cultivable space.
On the other hand, an increase in the selling price of gombo contributed to an improvement in profit margin,
as did an increase in kilo production at the Masina Rail site, which was significantly linked to profitability. In sum,
these results underline the importance of various factors, including the irrigation system, in the profitability of
gombo production.

Multiple Linear Regression Model Validation

The validation of the multiple linear regression model used in this study yielded very promising results. With
182 observations, the model shows remarkable statistical robustness as evidenced by an R? of 99.9%, indicating
that it explains almost all the variance in gombo crop profitability. This suggests that independent variables such
as production costs and selling prices are highly relevant in predicting profitability. In addition, the Prob > F
value of 0.000 confirms the overall significance of the model, indicating that the results are unlikely to be due
to chance. Finally, a very high F-test of 22788.212 indicates that the independent variables have a significant
impact on the dependent variable. In short, this validation proves that the model is both robust and reliable for
analyzing the determinants of gombo profitability, providing valuable information to farmers and policy makers
alike.

DISCUSSIONS OF THE MAIN RESULTS OF THE STUDY

Discussion of okra profitability analysis

Concerning the profit margin, Nigerian growers earned 559195 Naira whereas in our results growers realized
on average for the 30 kg tub the margin increases from 3763646 Fc to 5984198 Fc in the shortage scenario i.e.
an increase of 59% whereas Mengoub et al. (2014) in the Beni-Moussa/Tadla irrigated perimeter in Morocco,
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the total gross agricultural margin was increased by 10% from Dh1.37 billion to Dh1.51 billion, while class 2 and
3 incomes rose by around 76%.

Discussion of the statistical analysis of the determinants of gombo profitability

According to the results on the factors influencing the profit margin of gombo cultivation, an increase in the
area under gombo cultivation increases the probability of profitability. This can be explained by the fact that,
the larger the area, the greater the demand for space, and the more the growers will take strong action with
the site chiefs to obtain a large area for gombo. In this case, less productive growers may be less profitable. This
result is in line with those of Biaou et al. (2019), who argue that the total area sown has a positive impact on
producers' economic efficiency. The study by Alabi et al. (2023) on assessing the economic efficiency of okra
production by smallholders in Kuduna State, Nigeria, and its implications for poverty reduction, managed to
determine the average area of okra production at |.8 ha, whereas in our results the average area of okra
producers was 0.2 ha. For Munoz et al., 2014, typologies of irrigation systems are generally proposed according
to the size of the development depending on the country. We speak of large schemes when several hundred
or even thousands of contiguous hectares can be irrigated by the irrigation system. However, small and medium-
sized schemes are those with surface areas ranging from a few square meters to hundreds of hectares.
Developments can be individual or communal.

According to Adegbola et al (2023), in their study of the socio-economic determinants of profit for lowland
farmers in southern Benin, they concluded that my cultivation of rice associated with okra was inferior to that
of producers who only cultivate monocultures, a finding that contradicts our own results. According to the
study by Tijani and Kehinde (2022) carried out in OSUN State, Nigeria on the evaluation of resource use
efficiency and investment in small-scale okra production, found that those determinants including age, labor,
farm size and herbicide and insecticide use that influenced okra production these results are contradictory to
our results while Mengoub et al. (2014) in their study in the Beni-Moussa/Tadla irrigated perimeter in Morocco
found that socio-economic factors influencing the economic efficiency of small-scale okra production included
age, marital status, household size, farm size and membership of a cooperative organization, whereas in our
results these factors are: useful agricultural area sown, marital status, total cost of production, perception of
flooding, price per unit of sale and quantity sold that influence the economic profitability of okra production.

CONCLUSION

The study on the factors influencing the economic performance of gombo farmers in Masina Rail | revealed that
climatic conditions, particularly periods of scarcity and abundance, significantly impacted revenue. This highlights
the necessity of effective water management to ensure sustainability, even during periods of stress. The
simulations of profitability conducted indicated that climatic conditions, specifically periods of scarcity and
abundance, exerted a substantial influence on revenue generation. This underscores the necessity of a judicious
management of water resources to ensure sustained profitability, even during periods of climatic stress. Scenario
analysis revealed that fluctuations in sales prices and sales volumes have a significant influence on profit margins,
with margins increasing in times of scarcity and decreasing in times of abundance.

Sensitivity analysis also showed that profitability is closely linked to the area cultivated, production costs and
the marital status of producers. The results of the analysis also show that flooding has a negative impact on
yields, underlining producers' vulnerability to climatic hazards. Finally, multiple linear regression revealed
significant links between independent variables and profitability, with an R? of 99.9%, underlining the robustness
of the model.

In sum, this study provides targeted recommendations for improving the profitability of gombo growers,
including optimizing production costs and increasing irrigated areas. It also highlights the need to adopt adaptive
strategies to meet the challenges posed by climatic variability and market fluctuations.
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