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ABSTRACT

We empirically examine the impact of bank credit on agricultural output in South Africa using the
Cobb-Douglas production function. We utilize time series data of agricultural output, bank credit,
capital accumulation, labour and rainfall from 1970 — 2009. With agricultural output as the
dependent variable, we determine OLS estimates of the Cobb-Douglas production function. We
observe that bank credit has a positive and significant impact on agricultural output in South
Africa. With other factors of production kept constant, a 1% increase in credit results in 0.6%
increase in agricultural output. Capital accumulation is also observed to have a positive and
significant impact on agricultural output, albeit lower than that of credit, as a 1% increase in
capital accumulation results in 0.4% increase in output, other factors kept constant. In terms the
Cobb-Douglas elasticities, the combined effect of credit (0.6%) and capital accumulation (0.4%)
gives constant returns to scale, meaning that doubling the two inputs will double agricultural
output.
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1. INTRODUCTION

agricultural inputs (seed, fertilizers, pesticides, etc), technological change (result of research and

development efforts) and technical efficiency (affected by the flow of information, better infrastructure,
availability of funds and farmers’ managerial expertise) (Igbal, Ahmad and Abbas, 2003: 469; Kohansal, Ghorbani
and Mansoori, 2008; Nwosu et al., 2010:87-89). The higher use of all these factors requires the use of funds either
from farmers’ own equity or borrowings. Given that the low levels of savings in developing countries including
South Africa which had an average savings ratios of 20% between 1970 and 2009 (ratio computed from South
African Reserve Bank time series statistics), credit is viewed as a significant input in agricultural production.

jn the literature factors mentioned as contributing to agricultural growth include increased use of

In order to understand whether credit has an implication on agricultural output, we must first explore the
reasons for credit demand. Using the probit model, Oni, Amao and Ogbowa (2005) showed that education, distance
to the financial institution, income of the farmer and use of fertilizer influence demand for credit among farming
households. Zuberi (1989) who estimated the production function for Pakistan found that the impact of credit to
come through financing of seed and fertilizer while observing the role of financing fixed investment to be
insignificant. On the contrary, Qureshi and Shah (1992) found credit to impact agricultural output through the
financing of capital investment. Specifically, they observed the responsiveness of agricultural output to capital
investment to be larger than that to fertilizer.

A study in India by Sriram (2007: 245) argues that “... the causality of agricultural output with increased
doses of credit cannot be clearly established ...” This view seems to suggest that the availability of credit to farmers
will not necessarily result in increased output. However, Afangideh (1996: 74), using the simulation approach and
data from 1970 — 2005 for Nigeria, found out that bank lending has a positive and significant effect on real gross
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national saving and real agricultural output. Supporting this view, Guirkinger and Boucher (2008:295) observed that
credit constraints lower the value of agricultural output. Similarly, Olaitan (2006: 9) argues that lack of access to
economic resources, especially finance, by both farmers and small to medium enterprises (SMEs) across Nigeria,
continues to retard economic growth.

The rate at which the world population is expanding and lessons learnt from the 2008 global financial crisis
make it important for research to be conducted on how farmers can access more bank credit in order to boost
productivity. Poor people spend 50% to 70% of their income on food and have little capacity to adapt as prices rise
and wages for unskilled labour fail to adjust accordingly (von Braun, 2008: 5). More than 2 000 farmers in Northern
Nigeria, with the financial support from the United States Agency for International Development (USAID), Gatsby
Foundation and the Department for International Development (DFID), a United Kingdom government department,
recorded over 300% increase in productivity, enhanced income generation and improved livelihoods on the farm
families (Singh and Ajeigbe, 2007:158). Although USAID, Gatsby Foundation and DFID are not credit granting
institutions, these results suggest that smallholder farmers need external financial injections for them to increase
output.

Contributions on the role of bank credit on agricultural output in the context of South African smallholder
farmers have been done by Moyo (2002), Wynne and Lyne (2003) and Lahiff and Cousins (2005). An earlier study
by Kalinda, Shute and Filson (1998: 598) shows that agricultural credit is recognized as one of the means by which
small-scale farmers can increase their capital base. They argue that government’s dominance as a major credit
source is largely a reflection of the reluctance of private financial institutions to invest in rural markets and
agricultural production.

A study in India by Tripathi and Prasad (2010: 81) indicates that land significantly affected the agricultural
output growth during the 1950/51 — 1964/65 seasons and after that land became less significant. Currently, labour
and capital are significantly affecting the agricultural output growth in India. Similarly, Lippman (2010: 92),
commenting on Saudi Arabia’s food security efforts, remarked that Saudis intend to use their capital to develop farm
projects in countries with agricultural potential but who do not have adequate capital to purchase the irrigation
pumps, tractors and harvesters, fertilizer, farm-to-market roads and refrigerated warehouses needed for major
increases in output. Using Two-Limit Tobit analysis, Brehanu and Fufa (2008: 2221) observed that an increase in
access to credit by small-scale farmers is one of the ways of enhancing agricultural productivity and reducing
poverty in Ethiopia. The availability of credit is not in itself a guarantee for increased productivity if the
macroeconomic environment is not stable (Eyo, 2008: 781; Cole, 2009: 219). Policy makers should therefore be
careful not to overlook other macroeconomic pre-conditions necessary for credit to make a meaningful contribution
to output.

The variables that enter the agricultural production function have received substantial attention in the
literature (Lawal and Abdullahi, 2011; Sial et al. 2011; Das et al. 2009; Igbal et al. 2003). The Cobb-Douglas
production function has been applied in several studies to establish the correlation between credit and agricultural
output (Ahmad, 2011; Bernard, 2009 and Igbal et al. 2003). The general observation from these studies is that credit
has significant positive impact on agriculture output and that its effect is immediate.

It is against this background that this paper examines the impact of bank credit on agricultural output in
South Africa. The rest of the paper is structured as follows. Section 2 reviews trends of credit to the agricultural
sector in South Africa. Section 3 describes the data and methodology employed to empirically examine the impact
of credit. Section 4 presents empirical analyses and discussion of their implications. Finally, section 5 concludes.

2. TRENDS OF BANK CREDIT TO THE AGRICULTURAL SECTOR IN SOUTH AFRICA

The rural and agricultural sector is serviced by both informal and formal rural financial markets. The
informal rural markets comprise self-help groups, stokvels (rotating savings and credit associations), burial societies
and women associations. They offer finance to their members, the use of which can be for consumption, emergency,
enterprise or farming (Machethe et al. 2011). The formal rural financial markets comprise commercial banks, NGOs,
microfinance institutions, the Land and Agricultural Bank of South Africa (often referred to as the Land Bank) and
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agricultural co-operatives. The sources of agricultural credit in South Africa over the years reported in Du Randt and
Makina (2012) are as shown in Figure 1 below.

120%
5.44% 4.67% 6.34% 6.57% 1.76% 1.09% 0.61%
190% — — = p—
24.86% 20.299% 17.47% 15.629% 17.60% 14.63% 11.64%
80%
60%
40%
20%
0% .
1978 1984 1990 1996 2002 2005 2008
m Land and Agricultural Bank ® Commercial banks = Agricultural co-operatives
Other debt providers m Department of Agriculture

Figure 1: Agricultural Debt Distribution by Financial Institutions
Source: Calculations based on data from the Department of Agriculture, Forestry and Fisheries, 2009

Du Randt and Makina (2012) observed that the role of commercial banks in agricultural financing has seen
an upward trend since 1980 (see Figure 1). Having been providing just over 20% of the total credit to the sector in
1978, commercial banks were providing over 67% of the total agricultural credit by the year 2008. On the other
hand, the role of the Land and Agricultural Bank was increasing during the same period until 2002 when it reached a
peak, providing 28% of total credit to the agricultural sector. After 2002 there was a sharp decline in the role of the
Land and Agricultural Bank in the sector and by the year 2008 it provided just over 7% of the total credit to the
sector. The role of agricultural co-operatives was on an upward trend up to 1990, having risen from just over 19% in
1978 to a peak of over 23% in 1990. However, after 1990 their role declined by half and has stabilized at the same
level. The declining role of agricultural co-operatives in providing credit was due the dismantling of their control of
marketing boards that regulated prices in the agricultural sector. Other debt providers of agricultural credit shown in
Figure 1 who include informal sources had been declining over the years. The source of finance from the
Department of Agriculture has been minimal over the years and has become insignificant (less than 1%) by 2008.

When we consider credit extended to the agricultural sector as a proportion of agricultural GDP (AGDP)
we observe a declining trend over the years. Figure 2 is illustrative. Having been well over 100% of AGDP since the
1970s, it has dropped to below 100% in the recent years.

! The agricultural co-operatives used to have effective control of the Marketing Boards that regulated prices until this system was
dismantled post-1994. As a result, many of the co-operatives in the late 1990s initiated processes to convert to limited liability
companies.
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Figure 2: Ratio of total farm credit to AGDP
Source: South Africa. Department of Agriculture, Forestry and Fisheries, (2009)

Available literature on South Africa suggests that farmers are credit constrained resulting in poor
performance (see for example Moyo, 2002; Kirsten and Van Zyl, 2003; Chisasa and Makina, 2012). Small farmers
usually face challenges such as cumbersome procedures when applying for credit and collateral problems (Ahmad,
2011:101). Despite the development and adoption of models for managing default risk in credit portfolios
(Bandyopandhyay, 2007), lending to agriculture has generally been lower than other real sectors in South Africa
(see for instance, Wynne and Lyne, 2003). By the year 2010, banks’ largest concentration of credit exposure was
still to the private household sector while that to the agricultural sector was among those at the bottom (South
African Reserve Bank, 2010).

3. DATA AND METHODOLOGY
3.1 Data

Secondary data was obtained from the Department of Agriculture, Fisheries and Forestry (DAFF) of South
Africa and the South African Weather Service (SAWS). The total credit data used in the model consists of that
supplied by the Land and Agricultural Bank of South Africa, commercial banks, agricultural cooperatives,
Department of Agriculture, private persons, other financial institutions and other informal sources (DAFF, 2011:83).
Details of the sources of credit are presented as Appendix A.

Consistent with the approach adopted by Igbal et al. (2003) and Sial et al. (2011), we utilize time series
data from 1970 — 2009 to estimate a Cobb-Douglas function in which agricultural gross domestic product (AGDP) is
the dependent variable and credit, agricultural capital formation, agricultural labour force and rainfall are
explanatory or independent variables. While the use of credit as an independent variable in the function has been
challenged (see for example Driscoll (2004:469) and Nkurunziza (2010:489), Sial et al (2011:128) have posited that
improved seeds and other inputs like tractors, fertilizer and biocides that may be purchased using credit money play
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an important role in agricultural production and these can be directly influenced by the availability of credit. Carter
(1989) has given three reasons why credit should be an explanatory variable. First, credit availability alleviates
liquidity constraints relating to purchase of inputs. Second, technical efficiency of farmers improves if credit is used
to purchase new technology and enables a shift to the production frontier. Third, the availability of credit increases
intensity use of fixed inputs (land, labour and management) to enhance resource allocation and profitability. Thus
we would expect credit to have a positive impact on agricultural output.

The labour explanatory variable is based on data from the DAFF (2011: 4). Here it is the number of farm
employees and domestic servants on farms. Ideally, agricultural labour hours would be the appropriate labour
variable but these were not available. The coefficient of labour in the production function could either be positive (if
labour is productive) or negative (if labour is not productive).

Agricultural capital accumulation (capital formation) that comprises fixed improvements, purchase of
tractors and changes in the inventory of livestock is included as one of the explanatory variables. The expectation is
that increases in agricultural physical assets should have a positive effect on output.

According to Rouault and Richard (2003:489) and Blignaut et al (2009:61), the eight most severe droughts
in the history of South Africa since 1921 occurred in 1926, 1933, 1945, 1949, 1952, 1970, 1983 and 1982. Most of
these episodes of severe drought were outside the time period 1970-2009 which is the focus of this study and hence
it was considered imprudent to introduce a dummy variable for good years and bad years in the production function.
In essence, save for three years, the period 1970-2009 were good years with regard to rainfall and visual inspection
of the agricultural GDP (AGDP) data series does not show structural breaks in the three bad years of 1970, 1982-83.
The coefficient of rainfall can either be positive (if rainfall positively affects output) or negative (if too much rainfall
adversely affects output).

3.2 Model Specification

Cobb and Douglas (1928:151) hypothesized production as a function of labour (L) and capital (K). The
Cobb-Douglas production function (as it later became known), is still the most ubiquitous tool in theoretical and
empirical analysis of growth and productivity. It is widely used to represent the relationship of an output to inputs.
Essentially, it considers a simplified view of the economy in which production output (P) is determined by the
amount of labour (L) involved and the amount of capital (K) invested, resulting in the following equation:

P(L,K) = bL*K? [1]

where a and 3 are the output elasticities of labour and capital respectively. These values are constants determined by
available technology. This model has been subjected to critical analyses since its inception (see for example,
Samuelson, 1979 and Felipe and Adams, 2005). According to Tan (2008:5), there are concerns over its application
in different industries and time periods. Tan argues that Cobb and Douglas were influenced by statistical evidence
that appeared to show that labour and capital shares of total output were constant over time in developed countries.
However, there is doubt over whether constancy over time exists. This argument is premised on the fact that the
nature of the machinery and other capital goods (the K) differs between time periods and according to what is being
produced. The same applies to the skills of labour (L).

Notwithstanding its weaknesses, the Cobb-Douglas model has attractive mathematical characteristics, such
as highlighting diminishing marginal returns to either factor of production. It is in this regard that we utilize it in this
paper to estimate agricultural output as a function of credit, capital accumulation, labour and rainfall, an approach
applied by Igbal et al., (2003), Ahmad (2011) for Pakistan and Bernard (2009) and Enoma (2010) for Nigeria.
Having regard that the production function is non-linear, we log-transform the Cobb-Douglas model to derive the
following equation:

LnAGDP = B, (constant) + B;InCredit + 3, InLabour + B3 InCapital accumulation + B4InRainfall + g [2]
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where:

INAGDP = log of Agricultural gross domestic product measured in million Rands;
InCredit = log of Bank credit disbursed from all institutions in million Rands;
InLabour = log of Labour force in millions;

InCapital accumulation = log of annual changes in farm fixed improvements, machinery and inventory of livestock
in million Rands;

InRainfall = log of Annual rainfall in millilitres;

By — 4= coefficients explaining the partial elasticities of explanatory variables. These values are constants
determined by available technology;

&= white noise.

It is noteworthy that in this study the variable land was dropped and replaced with capital formation which includes
fixed improvements on the land, tractors, machinery and implements. It is argued that the variable gross capital
formation consists of the real factors which are applied directly in the production process rather than land per
cultivated hectare used by Igbal et al. (2003) and Sial et al. (2011).

4. EMPIRICAL ANALYSIS AND DISCUSSION
4.1 Preliminary Analysis

A trend analysis of AGDP, credit and capital formation was conducted and results are shown in Figure 3
below. Generally, the three variables have trended in the same direction over the years.
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Figure 3: Trend of Variables over years
Source: Author calculations

The graph shows quite an insightful trend between AGDP and the supply of credit extended to the
agricultural sector over the years. From 1970 to 1980 the trend of AGDP and the supply credit was in tandem.
However, from 1981 to 1993 the supply of credit trended higher than AGDP. It then trended lower from 1994 to
1999, briefly switching higher from 2001 and thereafter (since 2002) the trend of the supply of credit has been lower
than that of AGDP.
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The data was subjected to unit root tests using the Augmented Dickey-Fuller and Phillips-Perron
techniques. In levels, all variables were integrated of order one | (1). In differences, all the variables were observed
to be integrated of order zero | (0) and hence the variables were transformed into difference form in subsequent
analysis. Table 1 below summarises the unit root tests.

Table 1: Results of unit root tests

Augmented Dickey Fuller Phillips & Perron
Variable Level Order of Ist Order of Level with | Order of Ist Order of
with Integration | Difference | Integration | Intercept | Integrati | Differenc | Integration
Intercept with on e with
Intercept Intercept

LAGDP -1.4633 1(1) -6.0954" 1(0) -4.7255 1(0) -6.6847 1(0)
LRAINFALL | -2.4395 1(1) -8.8544" 1(0) -2.4395 1(1) -9.0840" 1(0)
LCREDIT -1.6401 1(1) -3.11917 1(0) -1.4349 I(1) -3.0228" 1(0)
LLABOUR -2.1976 1(1) -6.0699" 1(0) -2.1976 1(1) -6.1396 1(0)
LCAPFORM | -1.2100 1(1) -6.5073" 1(0) -2.1537 1(1) -4.7498" 1(0)

Note: ***, ** and * denote significance at 1, 5 and 10% levels, respectively.

5. MODEL ESTIMATION AND DISCUSSION

After correcting the data for stationarity, a transformed equation [2] was estimated using EViews. The first

output showed a low value of the Durbin-Watson statistic suggesting the presence of autocorrelation. In order to
remove autocorrelation, the equation was re-estimated by adjusting for AR (1). The final estimates of the equation
are shown in Table 2 below.

Table 2: The OLS Estimates of Cobb-Douglas Production Function

Variables Coefficient Estimates t--Values Significance

Constant 0.1835 0.6060 0.5486
DLCREDIT 0.5932 6.0256 0.0000***
DLLABOUR -0.0065 -0.2847 0.7777
DLCAPITAL ACCUMULATION 0.4153 5.7490 0.0000***
DLRAINFALL -0.0431 -0.6254 0.5360
AR (1) 0.6570 41112 0.0002**
R?=0.994  Adjusted R* = 0.993 F-statistic =1074.13  Durbin-Watson statistic = 2.13

*, %, *** denote significance at 10%, 5% and 1% levels respectively

All the diagnostic tests were generally satisfactory in the estimated equation. The relationship between
credit and output, gross capital formation and output were observed to be positive and significant at the 1% level of
significance. Results show that a 1% increase in credit leads to a 0.6% rise in agricultural output, holding other
factors constant. Similarly, a 1% increase in capital leads to a 0.4% rise in agricultural output, holding other factors
constant. In terms of the Cobb-Douglas elasticities, the combined effect of credit (0.6%) and capital accumulation
(0.4%) gives constant returns to scale, meaning that doubling the two inputs will double agricultural output. The
partial elasticities of labour and rainfall were observed to be negative but insignificant.

Our results are consistent with those of Igbal et al. (2003:477) and Sial et al. (2011:131) for Pakistan (see
Table 3). What is evident from these results is that credit has a positive and significant relationship with agricultural
output.
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Table 3: Comparative studies

Authors
Statistic This study (South Africa) Sial et al. 2011 (Pakistan) Ighal et al. 2003 (Pakistan)

DL Credit 0.5932"" 0.167" 0.0801"
DL Labour -0.0065 0.639" 0.7783"
DL Capital formation 0.4153" Not used Not used
Crop intensity Not used 1.399" 0.5519
DL Rainfall -0.0431 1.063 0.6259™
AR(1) 0.0002"" 0.255 0.5209"
MA(1) Not used 0.979™ 0.6832"
R? 0.994 0.96 0.98
Adjusted R? 0.993 - 0.98
F-statistic 953.9 160.1 162.165
DW 213 1.96 1.874

*, ** *** denote significance at 10%, 5% and 1% levels respectively
6. CONCLUSION

The paper has empirically examined the impact of bank credit on agricultural output in South Africa using
the Cobb-Douglas production function. It is observed that bank credit has a positive and significant impact on
agricultural output. With other factors of production kept constant, a 1% increase in credit results in 0.6% increase in
agricultural output. Similarly, capital accumulation is observed to have a positive and significant impact on
agricultural output, albeit lower than that of credit, as a 1% increase in capital accumulation results in 0.4% increase
in output, other factors kept constant. In terms the Cobb-Douglas elasticities, the combined effect of credit (0.6%)
and capital accumulation (0.4%) gives constant returns to scale, meaning that doubling the two inputs will double
agricultural output. The partial elasticities of labour and rainfall were observed to be negative but insignificant.

While the results are consistent with other empirical studies that used the same analytical approach, we
intend to do further research on the relationship of bank credit and agricultural output using dynamic analytical
techniques that address shortcomings of the Cobb-Douglas model.
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APPENDIX A: Credit data economic indicators

Pl Lie:gd' GDP ﬁg;g!; Commercial | Total farm Credit to Total credit
Year Nominal farm debt debt domestic private

(%0) rates Prices debt (Rm) (Rm) sector (Rm) (Rm)

(%) (Rm)
1986 19 14 123147 4907 7506 12412 27732 40144
1987 16 13 125733 4428 7663 12880 34447 47327
1988 13 15 131016 5665 7696 13361 44253 57614
1989 15 20 134025 5951 8959 14910 51894 66804
1990 14 21 133409 6678 9295 15973 59506 75479
1991 15 19 132890 7515 9332 16847 70235 87082
1992 14 19 130126 7425 9707 17132 82395 99527
1993 10 16 1066215 8073 10214 18287 97014 115301
1994 9 16 1100334 7808 10375 18184 114348 132532
1995 9 18 1134445 7899 11497 19396 136267 155663
1996 7 20 1183226 7956 12293 20250 159241 179491
1997 9 20 1213990 8284 14267 22550 177442 199992
1998 7 22 1220060 8341 16410 24751 195177 219928
1999 5 18 1249341 8604 19125 27725 203185 230913
2000 5 15 1301813 8445 21381 29826 226269 256095
2001 6 14 1336962 7931 22895 30826 259162 289988
2002 9 16 1386435 8462 19770 28232 286002 314234
2003 6 15 1427322 8633 22259 30891 331842 362733
2004 -1 11 1492330 8882 24404 33286 412769 446055
2005 2 11 1571082 9438 27006 36444 526647 563091
2006 3 11 1659122 9832 27942 37774 684593 722367
2007 6 13 1751499 10479 30900 41380 853819 895199
2008 10 15 1814134 10982 36063 47044 966921 1013965
2009 7 12 1783617 12076 39865 51942 1001946 1053888
Source: Statssa, SARB and Department of Agriculture, Forestry and Fisheries
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