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Abstract

There are estimated to be approximately 600 million small scale farmers glo-
bally, and they produce most of the food consumed, especially in the devel-
oping countries. The farmers, however, are often unable to obtain optimal
crop yields due to their exclusion from the financial systems in their coun-
tries, which deem them too high risk to lend to. This results in the farmers
being unable to afford optimal inputs into their farms, hence depressing their
yields and the level of food security. This study aimed to statistically deter-
mine whether the small scale farmers of Migori County in Kenya are finan-
cially excluded or not, and to what extent. Data were collected from the far-
mers through a questionnaire survey, and subsequent statistical analysis has
shown that indeed the small scale farmers of Migori are financially excluded
to a large extent. Consideration of non-financial data in the farmers’ credit
rating has been recommended as a way forward towards their financial inclu-
sivity. This study provides scientific proof of smallholder farmer financial ex-
clusion, which proof is generally difficult to find, especially in the developing
countries.
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1. Introduction

A small holder farmer is generally understood to be one that farms on a small
piece of land, often taken as 2 ha or less, and largely for subsistence; however,
this size threshold varies from country to country, depending on the prevailing

ecological and demographic conditions; for example, in Kenya, it is about 0.5 ha.
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According to the Food and Agriculture Organization of the United Nations
(FAO), there are about 600 million small holder farmers in the world, and in
developing countries, such farmers produce about 80% of the food consumed
there [1]; in Kenya, such crop farmers are estimated to be about 3.5 million [2];
the farming activities of such farmers are therefore critical to the economies of
their countries, and to the global food security. However, these farmers face the
challenges of limited access to credit, often due to the fact that many of them
farm on unregistered land that cannot be offered as collateral to lending institu-
tions; but even where they are on registered land, the fear of losing such land
should they default on loan payments often prevents them from applying for
farm credit; and even if they apply, they still get disadvantaged by low credit
scores (measure of credit worthiness). The result is that due to this financial ex-
clusion they are often unable to use optimal farm inputs such as fertilizer, and
good seeds among others. This depresses their yields, and in turn, has negative
implications for the food security in their communities.

Looked at globally, this state of affairs is a big contributor to world food inse-
curity, and an impediment to the realization of the UN Sustainable Development
Goal no. 2 (No hunger) [3].

2. The Concept of Financial Exclusion

Financial exclusion describes a situation where people are unable to access fi-
nancial services such as bank accounts and credit extensions because they are
deemed to be too high risk [4].

Financial exclusion is caused by demand side (e.g. low income, no credit his-
tory, poor social status etc.) and supply side (e.g. lack of insurance, lack of regu-
lar banking facilities etc.) barriers to financial inclusion.

There are two main consequences of financial exclusion:

* Financially excluded people find it harder to raise money when they need to;
hence they are unlikely to improve their financial status over time, and the
quality of their lives remains low in the long term.

* People who are financially excluded go on to become more socially excluded
as time passes by; for example they are unable to access jobs that require
bank accounts to pay them, and so they become less significant in society.

The financial exclusion of small-scale farmers is of particular significance in
the developing world where it impacts negatively on the availability of life’s key
necessity—food.

World Bank studies show that most such farmers in Sub-Saharan Africa are

only able to receive payments for their agricultural produce in cash [5].

3. The Study Area

The study was conducted in Migori County of Kenya, illustrated in Figure 1.
The County lies between East longitudes 33°55'42" and 34°43'50", and latitudes
—0°39'06" and —1°23'21", and has a population of approximately 1.2 million
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Figure 1. The study area.

people [6]. Migori has two main rainy seasons, March to May and September to
November, and this study targeted the maize planted in the second season, ma-
ize being Kenya’s staple. The main economic activity in Migori is farming except
in the sub-county of Nyatike, which borders Lake Victoria and hence most
people there are engaged in fishing; The study was therefore focused on the re-
maining seven sub-counties of Suna East, Suna West, Kuria East, Kuria West,
Uriri, Awendo and Rongo. This study area was chosen due to ease of access for
field research, and also the prevalence of small scale maize farmers who don’t

actually own the land that they farm on.

4. Study Objective

The main objective of this study was to identify small holder farmers in Migori
county, and then, through statistical analysis, to determine whether they were
financially excluded or not, and to what general extent.

5. Questionnaire Survey

Small scale farmers were identified, and relevant data collected from them,
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through a field questionnaire survey conducted in all the eight sub-counties of
Migori County. The total number of questionnaires administered, completed
and returned was 320; of these 5 were administered to agricultural financial in-
stitutions such as banks and other credit institutions. The sample sizes for the
county and sub-counties were computed in proportion to their population sizes.

The data collected included personal information (such as name, identifica-
tion, gender, age and presence or absence of a bank account), occupation, any
assets, type of agricultural produce and access to credit. Financial institutions on
the other hand were asked to provide information on their lending practices and
their use of credit scores.

6. Statistical Analysis
6.1. A Key Question

A key statistical question that needed to be answered was whether the small scale
farmers of Migori are indeed financially excluded or not. Questionnaire res-
ponses from the financial institutions, and from the farmers themselves, indi-
cated that one needed to have a bank account and collateral to qualify for credit.
The following farmer variables were therefore selected for the subsequent statis-
tical analysis.

* Gender

e Age

* Bank account (presence or absence)

¢ Credit

* Collateral

¢ Credit access

6.2. Data Exploratory Analysis (EDA)

An EDA was carried out in order to determine the variation that occurred with-
in the data variables, and also the associated correlations.

1) Variations

Variation is the tendency of the values of a variable to change from measure-
ment to measurement [7]. In this case a frequency cumulative plot was em-
ployed to visualize the distribution of the dataset, as shown in Figure 2; it was
generated using the R code shown in Script 1.

2) Mapping Outliers

To discover outliers in the variables selected, the R code shown in Script 2
was used to generate the boxplot that is presented in Figure 3.

3) Correlations

Statistical correlation measures the extent to which two variables are linearly
related (meaning they change together at a constant rate) [8].

The R code shown in Script 3 was used to generate the correlations shown in
Figure 4.

Figure 4 indicates that there are no obvious correlations between the va-

riables.
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Figure 2. Frequency cumulative plot showing how values are distributed in the given fields in the dataset.

# The script below sets the working directory where the survey data is stored
setwd("E:/")

# Read the and store it in data variable

data =read.csv("Sue PhD.csv")

# Select the fields Gender, Age, BanlAcc, Credit, Collateral and Credit access from the dataset using subset comma
nd
subset data<-subset (data, sclect =c ("Gender”, “Age",
"BankAcc","Credit","Collateral","Creditaccess"))
To understand how data varies across different variables, a cumulative frequency was done for all the variables
# Use the par - r function to plot all the fields from 1 to 6 in the subset

par(mfrow=c(1,6))
for(I inl:6) {
hist(subset_datal,i],main=names(subset_data)[i])

}

Script 1. For data frequency cumulative plotting.
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# Plot boxplot of all the variables

Par (mfrow=c (1,6))
for (iinl:6) {
boxplot(subset_data[,i], main—names(subset_data)[i])

}

Script 2. Data outlier mapping.
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Figure 3. Box plot showing fields with outliers.

# Load the coorplot library

library(corrplot)
correlations <-cor(subset_data [,1:6])

corrplot(correlations, method="circle")
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Script 3. Data correlation mapping.

Further examination of the density distribution of each variable broken down

by Credit availability value was then carried out, as per Script 4.
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Figure 4. Variable correlations.

# Data wrangling — converting raw data into other formats more suitable for

subsequent analysis

library(dplyr)

subset data$Collateral<-factor(subset data$Collateral)

subset_data$Creditaccess<-factor(subset_data$Creditaccess)

Script 4. Data wrangling.

6.3. Modeling

A logistic regression model was used to determine whether the Migori farmers
were financially excluded or not, via a hypothesis test. The logistic regression
was selected due to its suitability for modeling binary variables. To model that
farmers are financially included, an assumption was made that there is a rela-
tionship between being given a loan if you have collateral versus being denied a
loan because of lack of collateral.

Based on this Logistic regression model assumption, the null and alternative
hypotheses respectively were stated as follows.

HO: A0 = 0: There is no association between being granted a loan and hav-
ing/lacking collateral, the odds ratio is equal to 1.

H1: Bl = 1 There is an association between being granted a loan and hav-
ing/lacking collateral, the odds ratio is not equal to 1.

The R code shown in Script 5 was used for fitting the model to the data, and
the results are shown in Table 1.

From the model summary in Table 1, Collateral 4 and the intercept are statis-
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tically significant since they have a p-value of less than 0.05.

Odds Ratios were then computed at 95% Confidence Interval using the R code
shown in Script 6 and the results are shown in Table 2.

Finally the model coefficients were computed using the R code shown in
Script 7.

After testing the null hypothesis that there’s no association between credit and
collateral, the null hypothesis at the 0.05 alpha (significance) level where the z
statistic is 5.327 and p-value is 9.99e—08 (refer to Table 1) is rejected.

The results show that, on average, the odds of getting credit with a group of
different pieces of Collateral e.g. Title deed and Car is 7.1099742 times more
than for no or one Collateral.

# Fit a logistic regression with credit as the response variable and
# Bank account, and Collateral as the predictors.

credit_ model<-glm(Credit ~subset data$BankAcc+subset data$Collateral, family
=binomial(link ="logit"), data —subset_data)

Script 5. Model fitting.

Table 1. The model statistics.

Estimated Std Error Z value P values
Intercept —1.8356 0.5461 3.361 0.000776***
BankAcc 0.6005 0.3265 1.839 0.065933
Collateral 2 0.4974 0.5283 0.942 0.346437
Collateral 3 1.6769 0.7763 2.160 0.030756*
Collateral 4 1.9615 0.3682 5.327 9.99e-08***

# Calculate the odds ratio using the exponent function in R

exp(cbind(coef(credit_model),confint(credit_model)))

Script 6. Odds ratio computation.

Table 2. The model odds ratios.

2.5% 97.5%
Intercept 0.1595139 0.05258475 0.4515562
BankAcc 1.8229853 0.96699336 3.4939391
Collateral 2 1.6444898 0.55993673 4.5701397
Collateral 3 5.3489107 1.20378442 28.1201725
Collateral 4 7.1099742 3.52501460 15.0154637
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# Get the model coefficients

Bo =credit_modelScoefficients [[1]]

Bi=credit_model$coefficients [[5]]

= -1.835624

Il

Bo = -1.835624

1.961499

P

In(odds of having access to credit with Collateral) = S, + £, * (1)

yo= Bo+ Bi* 1
= 0.1258745

In(odds of having access to credit without Collateral) = S, + 5, * (0)

yi= Bo+ Bi*0
= 1.961499

To find the likelihood of one getting access to credit, computing of the log

odds ratio is as follows:
In(odds(X = 1)) — In(odds(X = 0))
= Yoy
In(odds(X = 1)) — In(odds(X = 0)) = 1.961499

1961499 = 71099742

Script 7. Model coefficient computation.

It is therefore concluded that there is sufficient evidence to reject the null hy-
pothesis and to accept the alternative hypothesis. This means that Migori far-
mers cannot get credit without multiple pieces of collateral, hence they are fi-
nancially excluded.

As for the extent of exclusion, the questionnaire response descriptive statistics
indicated that only 20% of the farmers have titled land under their names, which
they could use as collateral. The same statistics further showed that nearly 45%
of the farmers do not have any of the items that lending institutions will accept
as collateral; In addition the same descriptive statistics also showed that nearly
60% of the farmers have no bank accounts. All this evidence therefore points to

the fact that Migori farmers are financially excluded to a large extent.
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7. Conclusion

From the results achieved, this paper has demonstrated clearly that indeed, small
holder farmers are financially excluded in Migori County. As such, there is need
to introduce new techniques for accommodating such farmers in order to im-
prove food security. Introduction of the use of non-financial data to complement
the financial data that is currently collected by financial institutions could assist
these farmers to carry out their farming activities by making them more compet-

itive in credit rating.
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