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Abstract—The main objective of this study was to 
investigate the determinants of productivity of 
coffee farms and its supply response in Kiambu 
County in Kenya. The study sought to assess how 
the combined use of coffee farm sizes, fertilizers 
and spray chemicals of the small scale farmers 
contributed to coffee productivity; how each of 
the three factors contributed individually to coffee 
productivity; how the supply response of coffee 
output varied based on coffee prices and input 
costs; and the trends in coffee output by the small 
scale farmers in the County. Data was collected 
from 125 farmers for the period 2004 to 2014. The 
study uses both fixed and random effects 
techniques to estimate the magnitude of the 
contribution of each factor to coffee productivity. 
A pooled regression analysis based on Cobb-
Douglas and Nerlove models was conducted. The 
estimation results of the supply response based 
on the Nerlove model showed that coffee output in 
the current period varied significantly with 
changes in the coffee output in the previous 
period and its two-year lag. The long run price 
elasticity was estimated at 0.800. The estimation 
results also showed that prices of coffee were 
statistically insignificant in relation to coffee 
output. The estimation results also indicated that 
both the farm size and the quantity of triple 17 and 
CAN fertilizers used were positively and 
statistically significant in relation to the coffee 
output. This was, however, not the case for 
sumithion type of fertilizer. In addition, one acre of 
coffee farm increased coffee output by 1.418 
kilograms. Further, the quantity of copper type of 
spray used was positively and statistically 
significant in increasing the coffee output. Based 
on the study, it is recommended that farmers need 
to increase the quantity usage of triple 17 
fertilizer. It is also recommended that the 
government should subsidize the cost of 
fertilizers and spray chemicals. The Government 
is further recommended to apply the Linear 
GARCH model to forecast international coffee 
prices which can be disseminated to the farmers 
for informed decision making. 
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I. INTRODUCTION 
A. Background Information 
One of the earliest studies to explore the 

connection between farm size and productivity was 
carried out by Bardhan (1973) who found a 
negative relationship between output per acre and 
farm size in both rice and wheat fields in India.  
Studies on the subject of the inverse relationship 
between farm size and productivity    flourished 
mostly because there is no really agreed upon 
explanation that has been given yet. Generally, the 
inverse relationship (IR) has not been fully 
accepted. Most studies therefore suggest further 
research should be carried out to examine the 
effect of farm size on total factor productivity. This 
study therefore, sought to examine the effect of 
farm size, types of fertilizer and spray chemical 
on total productivity of coffee production on one 
hand and the contribution of each factor of 
production to coffee production in Kiambu County in 
Kenya, and probably conclude this debate on IR. 

Odhiambo et al (2004) established that most of 
the agricultural growth in Kenya is attributed to 
factor inputs of labour, land and capital. Mugweru 
(2011) found a positive relationship between price 
and coffee output in Kenya and statistically 
significant relationship with hectarage planted. 
Gathura (2013) established that marketing factors, 
finances, government policies and physical and 
human resources greatly affected coffee 
production. Bichanga (2013) found out t h a t  
liberalization of the coffee sector resulted in 
decreased production of coffee 

Coffee exports account for approximately five 
percent of all exports from Kenya. It is estimated that 
six million Kenyans are employed directly or indirectly 
in the coffee industry. Although the price of coffee 
increased from 220 US cents/kg in 2013 to 388 US 
cents/kg in March 2014 (Government of Kenya, 2014), 
this rise in price has not significantly changed the 
declining trend in smallholder production. On the 
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contrary, in the same period larger farms faced with 
these price trends maintained steady production. This 
means that smallholder coffee farmers were faced 
with a unique and unfavourable set of economic and 
non-economic conditions that affected their supply 

response. On the average, 56% of coffee is produced 
by smallholders on individual plots of less than 2 
hectares (or 5 acres). Table 1 below shows that coffee 
production trends have been largely influenced by the 
prevailing average prices in the international market. 

 
             TABLE 1: NATIONAL COFFEE AND AVERAGE AUCTION PRICES FROM 2000/01 TO 2013/14 

YEAR    
 

National Production (MT) Average Prices in US$ 

2000/01   50,543   68.33 

2001/02  
 

  51,895 77.66  
 

2002/03  
 

  55,433 65.54  
 

2003/04  
 

  48,431 83.21  
 

2004/05  
 

45,245 
 

121.00  
 

2005/06 48,835 
 

135.06  
 

2006/07  
 

54,340 
 

133.98  
 

2007/08  
 

43,000 
 

177.23  
 

2008/09  
 

54,000 
 

154.64  
 

2009/10  
 

40,000 
 

  218.41  

2010/11  
 

36,000 
 

329.00  
 

2011/12  
 

49,960  
 

  225.83 

2012/13  
 

39,825 
 

166.60  
 

2013/14*  
 

50,000 
 

200.00  
 

Source: Coffee Board of Kenya (various years) 

It is noted from Table 1 that besides the supply 
response, farmers have been reactionary to price 
variations and therefore, they have not been on target. 
For example, when the price was highest at US$ 329 
per MT in 2010/11 production was only 36,000 MT. In 
response to this high price production jumped to 
49,960 MT in 2011/12, (an increase of more than 33% 
in one year) but the price dropped to US$225.83 per 
MT in 2012/13. This in turn led to a decline in 
production in 2012/2013 to 39,825 MT, a reduction of 
about 25%. This means that the farmers’ response to 
coffee prices is reactionary and irrational, and always 
lags behind. This kind of supply response does not 
conform to long-term prospect of growing coffee in 
Kenya. This, therefore, poses a big problem to coffee 
farmers that need to be investigated and a solution 
found.  

Previous studies have omitted years of weather 
shocks, while others used a dummy variable to 
account for weather impacts. These Nerlove-type 
models have generally found long-term elasticities to 
be higher than short-term elasticities (Renne, 1987). 
This study fills these gaps and also explores why we 
have had a decline of coffee production in Kenya 
during the study period between 2004 and 2014. 

Rationally, goods and services are offered for sale 
in the market if the prevailing prices are high enough 
to make profits or break-even. According to the 
Nerlove model the relationship between supply and 
price is given in such a way that the response is 
highest soon after the price variation, which then 
reduces geometrically as lag increases.  

Similarly, the Cobweb model is an economic model 
that shows why prices could be subjected to periodic 
variations in different types of markets. The model 
describes cyclical supply and demand in a market 
where the amount produced must be chosen before 
prices are observed. The expectations of producers 
on prices is based on the observations of the previous 

prices. The Cobweb model assumes that producers 
are extremely shortsighted. Assuming that farmers 
look back at the most recent prices in order to forecast 
future prices might seem very reasonable, but this 
backward-looking forecasting (which is called adaptive 
expectations) turns out to be crucial for the model's 
fluctuations. When farmers expect high prices to 
continue, they produce too much and therefore end up 
with low prices, and vice versa.  

Njaramba (2011) found out that prices of coffee 
offered at the international market did not have any 
significant effect both in the long run and short run on 
the amount coffee supplied from Kenya. Mukuka 
(2012) found that Zambian coffee exhibits asymmetric 
short-run supply adjustments to long-run equilibrium 
such that production rises significantly after prices rise 
while changing little after prices fall.   

Coffee productivity in Kenya has been 
declining for the three decades; the declining 
productivity is partly due to lower use of inputs, 
marketing problems, poor governance of 
cooperatives and international market conditions 
(Theuri, 2012). T he area under coffee 
production decreased from 121,300 hectares in 
2008/09 to 115,600 hectares in 2010/11 and to 
109,800 hectares in 2012/13 (Government of 
Kenya, 2014). During this period coffee production 
decreased from 54,000 tons in 2008/09 to 36,300 
tons in 2010/11 and increased slightly to 39,800 
tons in 2013. 

The underlying factors for dismal performance 
of coffee farms in Kenya are many and varied 
as alluded earlier. Bichanga and Mwangi (2013) 
attribute this to poor productivity of coffee farms, 
decline in application of inputs, poor farming 
practices and farmers’ loss of confidence in 
management of coffee affairs. There are many 
other research studies that have been carried out to 
find the effects of agricultural inputs on coffee 
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production (Nyangito, et al, 2004, Kirimi and Kithinji, 
2011, Gathura, 2013). 

 
Thus, an empirical investigation of productivity 

of coffee farms in Kiambu country bears an 
important implication for the development strategy 
of the coffee sub-sector in Kenya where farmers 
are found to be reasonably efficient; increases in 
productivity requires new inputs and technology to 
shift the production function upwards.   

This study therefore, sought to investigate the 
individual contribution of farm size, fertilizers and 
spray chemicals to coffee productivity in Kiambu 
County which is the largest coffee producer in 
Kenya as per 2012/13 (CBK, 2014). Most of the 
earlier studies, which mainly used time series or 
cross sectional data separately, on coffee 
productivity in Kenya were not concerned with 
overall productivity of small holder farming. In this 
study, investigation of within and between the fixed 
and random effects of the identified variables on a 
time trend basis for the period between 2004 to 
2014 as well as a cross zonal basis for the same 
period of time was also sought. 

 
II. STATEMENT OF THE PROBLEM 
More than twenty years since liberalization began, 

coffee production in Kenya has declined and 
remained depressed and this phenomenal forms the 
research problem in which we ask: Is this drop in 
coffee production as a result of liberalization or the 
factors of production had to do with this phenomenon? 

Liberalization has already been dealt with by 
Bichanga and Mwangi (2013) in their paper titled 
effects of liberalization on coffee production in Kenya. 
The research findings were that Liberalization of the 
coffee sector resulted in decreased production of 
coffee.  

In their paper other reasons cited for the decline in 
coffee production included: decline in application of 
inputs (which are factors of production); poor farming 
practices; and farmers’ loss of confidence in 
management of coffee affairs. There are many other 
research studies that have been carried out to find the 
effects of agricultural inputs on coffee production 
(Nyangito, et al, 2004, Gicuru Kirimi and Kithinji, 2011, 
Gathura, 2013). However, all the studies already 
carried have investigated the combined effect of all 
the factors of production on coffee. 

The purpose of this study was therefore to 
investigate and determine the contribution of three 
factors of production to the productivity of coffee in 
Kenya. In particular, this study investigated and 
determined the individual contribution of farm size, 
fertilizers and spray chemicals to coffee productivity in 
Kiambu County which is the largest coffee producer in 
Kenya as per 2012/13 (CBK, 2014). There are many 
factors of production that affect production of coffee in 
Kenya: the main ones being labour, capital, farm size, 
fertilizers, chemical sprays, shade technology and 
agro-forestry.   

Table 1.5 shows that coffee production trends have 
been largely influenced by the prevailing average 
prices in the international market.  

 
TABLE 1.1: NATIONAL COFFEE AND AVERAGE AUCTION PRICES FROM 2000/01 TO 2013/14 

YEAR National Production (MT) Average Prices in US$ 

2000/01 50,543 68.33 

2001/02 51,895 77.66 

2002/03 55,433 65.54 

2003/04 48,431 83.21 

2004/05 45,245 121.00 

2005/06 48,835 135.06 

2006/07 54,340 133.98 

2007/08 43,000 177.23 

2008/09 54,000 154.64 

2009/10 40,000 218.41 

2010/11 36,000 329.00 

2011/12 49,960 225.83 

2012/13 39,825 166.60 

2013/14* 50,000 200.00 
Source: Coffee Board of Kenya (various years) 

 
It is noted from Table 1.5 that besides the supply 

response, farmers have been reactionary to price 
variations and therefore, they have not been on target. 
For example, when the price was highest at US$ 329 
per MT in 2010/11 production was only 36,000 MT. In 
response to this high price production jumped to 
49,960 MT in 2011/12, (an increase of more than 33% 
in one year) but the price dropped to US$225.83 per 
MT in 2012/13. This in turn led to a decline in 
production in 2012/2013 to 39,825 MT, a reduction of 
about 25%. This means that the farmers’ response to 

coffee prices is reactionary and irrational, and always 
lags behind. This kind of supply response does not 
conform to long-term prospect of growing coffee in 
Kenya. This, therefore, poses a big problem to coffee 
farmers that need to be investigated and a solution 
found. 
 

III. RESEARCH OBJECTIVES 
The main objective of this study was to investigate 

the determinants of productivity of coffee farms and its 
supply response in the Kiambu County in Kenya. The 
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specific objectives were to: (i) investigate and 
determine the combined contribution of farm size, type 
of fertilizer used and the type of chemical spray used 
to coffee productivity using Cobb-Douglas Production 
function; (ii) find out the individual contribution to 
coffee productivity by farm size, type of fertilizer used 
and the type of chemical spray used; (iii) estimate and 
analyze short run and long run supply response of 
coffee production by using Nerlove model; and (iv) 
explore the coffee production trend for the period 
2004 to 2014 in Kiambu County. 
 

IV. METHODOLOGY 
A. Data 
Data for the study was collected from 125 

farmers from the three zones for the period 
2004 to 2014. Sampling was computed 
according to the formula developed by Nassiuma 

(2000) given as: 𝑛 =  
𝑁𝑐2

𝑐2+ (𝑁−1)𝑒2, where n is the 

total sample size from the three coffee zones in 
Kiambu County, N is the total smallholders’ coffee 
farmers in Kiambu County (which is about 32% of 
smallholdings in Kenya), c = coefficient of 
variation (≤ 30%) and e = error margin (≤ 5%). 
This formula enables one to minimize the error 
and enhance stability of the estimates. 

The systematic approach was used to select the 
first farmer and skip the next three and interview 
the fourth one to ensure a wider and a fair selection 
of the farmers.  The other expected sources of 
information included among others the following; 
existing materials on coffee and coffee production 
in Kenya and other countries, middle level 
institutions (the Coffee Board of Kenya, Kenya 
Planters Co- operative Union, various coffee 
societies and coffee factories countrywide, Ministry 
of Agriculture, Cooperative Bank of Kenya, and the 
Kenya National Bureau of Statistics). Due to time 
and resource constraints only 125 small scale 
farmers (47 from upper midland zone 1 across the 
county,46 from the upper midland zone 2 and 32 
from upper midland zone 3 were interviewed. The 
stated sample size is considered appropriate for 
the research as it satisfies the conditions of the 
formula above. This sample size translates to 1375 
observations when the same questionnaire is 
administered to each of the 125 farmers 11 times as 
the time period covered is 11 years. 

A structured questionnaire was used to collect 
data from individual farmers and other 
stakeholders. The questionnaire was designed in a 
way that final coffee output figures were recorded 
based on all those that apply all the factors of 
production totally and also got those that applied 
some or all   the factors and eventually compared 
overall results. Face to face interviews were also 

carried out to get information from the individual 
farmers and some Government officials. 
 

B. Econometric Modelling 
Consider a small holder farmer who produces 

coffee using a technology described by the production 

function: 𝑌(𝑋1, 𝑋2, 𝑋3) = 𝐴𝑋1
𝑏1𝑋2

𝑏2𝑋3
𝑏3 

Where Y is the Coffee output, A denotes total 
factor productivity.  X1 stands for the coffee farm 

sizes in hectares, X2 stands for the quantity of 

fertilizers used in a year; and X3 denotes quantity 

of spray chemicals used in a year. The values 
given as b1, b2, b3 are output elasticities obtained 

by trans logging the function into a generalized 
Cobb-Douglas production function form. Hence, by 
taking the logs of the above equation, it becomes: 

𝑙𝑛𝑌𝑡 = 𝑙𝑛𝐴𝑡 + 𝑏1𝑙𝑛𝑋1𝑡 + 𝑏2𝑙𝑛𝑋2𝑡 + 𝑏3𝑙𝑛𝑋3𝑡 + 𝜇𝑡 ,
𝑡 = 1, 2, 3, … … , 𝑛 

Equation 2 would then be used to ascertain whether 
the production technology involved exhibits the 

following three features: If   𝑏1 + 𝑏2 + 𝑏3 = 1, then the 
production technology exhibits constant returns to 
scale, meaning that doubling of inputs will double 
output. If 𝑏1 + 𝑏2 +  𝑏3 < 1, then the production 
technology exhibits decreasing returns to scale, 
meaning that doubling of inputs will less than double 

the output If 𝑏1 + 𝑏2 + 𝑏3 > 1, then the production 
technology exhibits increasing returns to scale, 
meaning that doubling of inputs will more than double 
the output. 
 
To simplify the notation in equation 2, we define 

𝑦𝑡 = ln 𝑌,   𝑥𝑡 = ln 𝑋, then we can rewrite it as: 
𝑦𝑡 = 𝑎𝑡 + 𝑏1𝑥1𝑡 + 𝑏2𝑥2𝑡 + 𝑏3𝑥3𝑡 + 𝜇𝑡 ,   

Since we are using panel data in our estimation, then 
equation (3) can be re-written as: 

𝑦𝑖𝑡 = 𝑎𝑖𝑡 + 𝑏1𝑥1𝑖𝑡 + 𝑏2𝑥2𝑖𝑡 + 𝑏3𝑥3𝑖𝑡 + 𝜇𝑖𝑡,   
 
If we write it i it a ºa +μ , then we can re-write equation 
(4) as follows: 

𝑦𝑖𝑡 = 𝛼𝑖 + 𝑏1𝑥1𝑖𝑡 + 𝑏2𝑥2𝑖𝑡 + 𝑏3𝑥3𝑖𝑡 + 𝜇𝑖𝑡, 
 
Here, we could interpret I a as capturing small holder 
farmer specific inputs such as management quality, 
which do not change over time. We then assume that 

𝐸(𝜇𝑖𝑡 ↑ 𝑥1𝑖 , 𝑥2𝑖 , 𝑥3𝑖 , 𝛼1, … ., 𝛼𝑛) = 0 
The model looks like a classical regression model, 
with two exceptions. First, there is a different intercept 
term for each smallholder farmer; and secondly, the 
conditioning variables are little different. The 
connection is even stronger if we define dummy 
variables 
 

𝑑𝑖𝑡.𝑗 =  { 1 0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
0 𝑖𝑓 𝑖=𝑗

} 

Where, 𝑥𝑖𝑡  ≡  (𝑥1𝑖𝑡 , 𝑥2𝑖𝑡 , 𝑥3𝑖𝑡)′, 𝑑𝑖𝑡  

 
 

http://www.jmest.org/


Journal of Multidisciplinary Engineering Science and Technology (JMEST) 

ISSN: 2458-9403 

Vol. 6 Issue 9, September - 2019 

www.jmest.org 

JMESTN42353114 10677 

 then 

……. (7) 
From equation (7), the fixed effect model can be written as: 
 

 

 
Fixed effects regression is used to control for omitted 
variables that differ between the coffee farmers but 
are constant over the time period 2004 to 2014. 
However, some omitted variables may be constant 
over the given time period but vary between the coffee 
farmers. Other variables may be fixed between the 
coffee farmers but vary over time. One can include 
both types of variables which vary between coffee 
farmers and also over time by using random effect 
model. 
 

C. Nerlove Model  
This study examined the supply response of coffee 

farms by using the Nerlove model. In its simplest 
version Nerlove's model consists of the three 
equations: 
 

 
 
Where At and At* are actual and desired area under 
cultivation (or sometimes output or yield) at time t, Pt 
and Pt* are actual and expected price at time t, and β 
and γ are the expectation and adjustment coefficients, 
respectively. Elimination of the unobservable variables 
A*and P* leads immediately to the reduced form 
 

 
 

 
V. RESULTS AND DISCUSSION 
A. Determinants of Productivity of coffee 
1) Unit Root Results 
Before estimating our models, a panel unit root test 

was performed in order to establish whether the 
variables were stationary. Since the data used was a 

balanced panel, the stationarity tests conducted were 
Levin-Lin-Chu test (LLC), Harris-Tsavalis test (HT) 
and the Breitung test. The three tests (LLC, HT and 
Breitung) were done at levels, at first difference and at 
levels with time trend included. Table 1 gives the 
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summary of the unit root test based on the Breitung Test. 
 
TABLE 1: BREITUNG PANEL UNIT ROOT TESTS 

Lambda Statistic 

Variable Levels First difference Levels with time trend 

Coffee output  -3.2269 2.3269* 0.2371* 

Farm size Acres  -3.8264 5.4240* 3.7927* 

Fertilizer Quantity KG  -9.1088 2.4322* 1.7183* 

Spray Quantity litres  -11.8208 1.6079* 1.8775* 
Source: Field Data (2016) 

* denotes statistical significance at the 5 percent level 
 

Table 1 shows that we cannot reject the null 
hypothesis of a unit root at the 5% level. However, 
after conducting the first difference of the variables 
they attained stationarity. Specifically, all the variables 
had time specific effects since after de-trending the 
variables attained stationarity. Similar, results were 
revealed when the LLC and HT tests were conducted. 
Statistically speaking, estimation of a fixed effects 
model is always a reasonable thing to do in panel data 
estimation. This is because fixed effects models give 
consistent results such that as the sample size 
increases indefinitely the estimated parameters 
converge to their true values. The fixed effects models 
may, however, not be the most efficient (have 
minimum variance) model to run. Since, studying the 
entire population is expensive and time-consuming, 
consistency ensures that the sample being surveyed 
represents reality of what is taking place in the entire 
population, while efficiency ensures there are minimal 
variations between observed characteristics under 
investigation. Random effects will give better P-values 
(higher chances of finding that various policy options 
do influence the coffee output) as they are a more 
efficient estimator, so one should run random effects if 
it is statistically justifiable to do so. 
 
 

2) Estimation Results 
The data used in this study is panel data. Two 

models were estimated namely the fixed effects and 
random effects model. Fixed effects regression was 
used to control for omitted variables that differ 
between the coffee farmers but are constant over the 
time period 2004 to 2014. However, some omitted 
variables may be constant over the given time period 
but vary between the coffee farmers. Other variables 
may be fixed between the coffee farmers but vary 
over time. One can include both types of variables 
which vary between coffee farmers and also over time 
by using random effect model. Hence we also 
estimated the random effects model. 

The main advantage of fixed effects models is that 
it gives consistent results such that as the sample size 
increases indefinitely the estimated parameters 
converges to their true values. The fixed effects 

models may, however, not be the most efficient (have 
minimum variance) model to run. Since, studying the 
entire population is expensive and time-consuming, 
consistency ensures that the sample being surveyed 
represents reality of what is taking place in the entire 
population, while efficiency ensures there are minimal 
variations between observed characteristics under 
investigation. However, the random effects model 
gives better P-values (higher chances of finding that 
various policy options do influence the coffee output) 
as they are a more efficient estimator, so one should 
run random effects if it is statistically justifiable to do 
so. The results for the random and fixed effects model 
are presented in table 2 columns 1 and 2. 

3) Results of Fixed Effects 
As can be seen in table 2 below results for fixed 
effects model show that holding all factors constant, 
an increase in farm size by1% increases coffee output 
by 54%. Similarly, an increase in fertilizer quantity by 
1% increases coffee output by 27%. An increase in 
spray quantity by 1% also increases coffee output by 
2%. The constant under this case is at 5. 
 

4)  Results of Random Effects 
As can be seen in table 2 results for random 

effects show that holding all other factors constant, an 
increase in farm size by 1% increases coffee output 
by 35%. Similarly, an increase in fertilizer quantity by 
1% increases coffee output by 28%. An increase in 
spray by 1% increases coffee output by 2%. The 
constant under this case is at 5. In order to choose 
between fixed effects and random effects models, we 
conducted the test suggested by Hausman (1978). 
The fixed effects model assumes individual 
heterogeneity, while the random effects model 
assumes that the variations are probabilistic. Under 
the Hausman (1978) test, the null hypothesis is that 
the coefficients estimated by the efficient random 
effects estimator are the same as the ones estimated 
by the consistent fixed effects estimator. The 
Hausman (1978) test, therefore, checks a more 
efficient model against a less efficient but consistent 
model to make sure that the more efficient model also 
gives consistent results. A summary of the Hausman 
(1978) test results are presented in table2. 
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TABLE 2: HAUSMAN TEST 

 Random Effects Model  Fixed Effects Model  Difference 

Ln Coffee output    

Ln Farm size Acres  0.349*  0.541*  0.192 

Ln Fertilizer Quantity KG  0.277*  0.272*  -0.005 

Ln Spray Quantity litres  0.021  0.018  -0.003 

Constant  5.083*  5.065*  

Number of Observations  593 593  

R-Squared (R
2
)    

Within  0.1027  0.1054  

Between  0.0759  0.0731  

Overall  0.1852  0.1553  

F-Statistic   18.78  

P-Value   0.0000  

Chi-Square Statistic (X
2
)   63.83  3.06 

P-Value  0.0000   0.3819 
Source: Field Data (2016) 

 
The test results show that the Chi-square (X

2
) 

statistic for the difference was 3.06, with a 
corresponding p-value of 0.3819. Since this p-value 
(0.3879) was larger than the critical value of 0.05, the 
null hypothesis that the differences in the coefficients 
are not systematic was rejected. This means that the 
preferred model was the random effects model. The 
empirical results presented in the subsequent sections 
are based on the random effects model. 
 

5) Coffee Productivity Using Pooled OLS 
Regression Model with Dummy Variables 

The results presented in Table3 show that the 
quantity of CAN fertilizer used is positively and 
statistically significant in relation to coffee output. 
Hence the quantity of coffee output is more when 
either triple 17 or CAN type of fertilizer is used 
compared to failure to use any fertilizer in coffee 
production. The table also illustrates that the quantity 
of copper type of spray used was positively and 
statistically significant in increasing the coffee output. 
However, the table illustrates that the quantity of 
sumithion type of fertilizer used is negatively but 
statistically insignificant in relation to coffee output. 

Thus, the coffee output realized increases with the 
increase in the quantity of copper spray used, though 
the coffee output is the same irrespective of whether a 
farmer used sumithion type of spray or didn’t use any 
spray at all. 

Results presented in Table 3 further shows that the 
level of primary education and secondary education is 
positively and statistically significant in influencing 
coffee output production. Though, statistical 
significance was deduced at the 10 per cent level of 
significance. However, the level of post -secondary 
education was positively but statistically insignificant 
in relation to coffee output. Hence, farmers who had 
attained primary and secondary education realized 
more output compared to those with no education. 
This shows that attaining basic education (primary 
and secondary education level) by the farmers is 
essential for the coffee farmers to enhance their 
coffee productivity. These results are similar to the 
works of Bagamba et al (2003) who found that those 
who attained higher levels of Education withdrew their 
labour from banana farming in Uganda and sought 
other opportunities elsewhere in the formal economy

 
 
TABLE 3: COFFEE PRODUCTIVITY USING POOLED OLS REGRESSION MODEL WITH DUMMY VARIABLES 

Ln coffee output  Coefficient  p-value 

Ln farm size in acres  0.236*  0.000 

No fertilizer used  Reference  

Ln quantity of 17 17 17 type of fertilizer  0.071*  0.028 

Ln quantity of CAN type of fertilizer  0.082*  0.000 

No spray used  Reference  

Ln quantity of copper type of spray  0.270*  0.010 

Ln quantity of sumithion type of spray  -0.110  0.210 

No education  Reference  

Primary education  0.436** 0.069 

Secondary education  0.395**  0.085 

Post-secondary education  0.286  0.238 

Year 2004  Reference  

Year 2005  -0.045  0.818 

Year 2006  -0.209  0.298 

Year 2007  -0.259  0.191 
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Year 2008  -0.151  0.452 

Year 2009  -0.102  0.599 

Year 2010  -0.192  0.335 

Year 2011  -0.115  0.555 

Year 2012  -0.085  0.662 

Year 2013  -0.229  0.241 

Year 2014  -0.391**  0.052 

UM1 Zone  Reference  

UM2 zone  1.061*  0.000 

UM3 Zone  0.643 0.000 

Constant  4.943*  0.000 

F-Statistic (20,572)  11.99*  0.000 

R-Squared  0.4953  

Adjusted R-Squared  0.4707  

Testparm for the years chi-square (10) = 12.79     P-Value=0.2354 

Testparm for the zones chi-square (2) = 9.96       P-Value = 0.0069 
Source: Field Data (2016) 

 
6) Combined Contribution of Inputs to Coffee 

Productivity 
Table 4 shows the estimation results and derivation 

of output elasticities of the three factors of coffee 
production using the Cobb-Douglas production 
function for all the years under review. The estimation 
results give the chi-square Wald test for joint 
significance with statistic values of 1.10, 78.13, 15.54 
and 63.83 for UM1, UM2, UM3 and all zones 
combined, respectively. The associated p-values for 
the Wald chi-square statistic shows that the variables 
included in the model for explaining coffee productivity 
are all jointly significant for zone UM2, UM3, and all 
zones combined. However, the explanatory variables 
in UM1 zone are not jointly significant in explaining 
coffee productivity. The estimated parameter for the 
overall R-squared shows that the explanatory 
variables included in the model account for 47.29% of 
the variations in coffee output in UM1 zone. Similarly, 
the explanatory variables in the model account for 
58.21%, 46.16% and 52.52% of the variations in 
coffee output in UM2, UM3 and all zones combined, 
respectively. This means that the model adequately 
explains the changes in coffee productivity. 
 

7) Individual Contribution to Coffee Productivity 
by Inputs 

The individual contribution by the inputs used to 
coffee productivity was assessed by taking the 
exponents of the linear-log function. The results are 
summarized in Table 5. Upon taking the exponents of 
the regression coefficients and also considering the 
statistical significance, we deduce that an increase in 
farm size by one acre increases the coffee output 
realized by 1.762 kilograms and 1.446 kilograms in 
zones UM2 and UM3 respectively. In addition, one 
acre of coffee farm increases coffee output by 1.418 
kilograms for all combined zones in Kiambu County. 
Similarly, an additional use of one kilogram of fertilizer 
increases the coffee yield by 1.544 kilograms and 
1.294 kilograms in UM2 and UM3 zones respectively. 

Moreover, an increase in fertilizer by one kilogram 
increases coffee output by 1.320 kilograms. However, 
the coefficient on the quantity of spray used was not 
statistically significant. Hence, an increase of spray 
quantity usage by one litre does not lead to an 
increment in coffee yield implying that the yield in 
coffee is the same irrespective of the quantity of spray 
used. The total factor productivity for zone UM1 is 
452.138, 82.062 for zone UM2, 199.956 for zone UM3 
and 161.245 for all the zones combined in Kiambu 
County. 

When assessing the individual contribution of 
coffee productivity by inputs for various years, the 
findings show that farm size in acres was positively 
and significantly related to coffee output only the year 
2013, where an increase of farm size by one acre 
leads to an increase in the yield of coffee productivity 
by 1.781Kgs. The quantity of compound (17 17 17) 
fertilizer used in the years 2005, 2006, and 2008 was 
positively and statistically significant at the 5% level of 
significance in relation to coffee productivity. 

Further analysis indicates that an additional usage 
of triple 17 type of fertilizer by one kg contributes to a 
rise in coffee output by 1.784 Kgs in 2005, 1.683 Kgs 
in 2006 and 1.204 Kgs in 2008. In addition, the 
quantity of CAN fertilizer in Kgs was positively and 
statistically significant in influencing coffee productivity 
for the years 2009, 2010, 2011 and 2012. Specifically, 
an increase of the application of CAN fertilizer by one 
Kg leads to an increase in coffee output by 1.186Kgs 
in 2009, 1.111Kgs in 2010, 1.174Kgs in 2011 and 
1.113Kgs in 2012. The quantity of copper spray type 
used in litres was positively and statistically significant 
in influencing coffee output in the year 2007, 2008, 
2011 and 2012. In particular, an increase in quantity 
of copper spray by one litre led to an increase in 
coffee output by 2.475Kgs in 2007, 2.674Kgs in 2008, 
1.800Kgs in 2011 and 1.804Kgs in 2012. However, 
the quantity of sumithion spray used, was not 
significantly related to the output of coffee for all the 
years considered
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TABLE 5: INDIVIDUAL CONTRIBUTION OF INPUTS TO COFFEE PRODUCTIVITY 

 UM1 zone  UM2 zone  UM3 zone  All Zones 

Ln Coffee output  Exponent 
(Coefficient) 

Exponent 
(Coefficient) 

Exponent 
(Coefficient) 

Exponent 
(Coefficient) 

Ln Farm size Acres  0.930  1.762*  1.446**  1.418* 

Ln Fertilizer Quantity KG  1.013 1.544*  1.294*  1.320* 

Ln Spray Quantity litres  0.911  1.029  1.073  1.021 

Constant  452.138*  82.062*  199.956*  161.245* 

Chi-Square (3)  1.10  78.13*  15.54*  68.83* 

Within R-Squared  0.3852  0.4917  0.3931  0.5427 

Between R-Squared  0.3561  0.3930  0.4561  0.5159 

Overall R-Squared  0.47290  0.5821  0.4616  0.5252 
Source: Field Data (2016) 

 
B. Supply Response of Coffee Production Using 

the Nerlove Model  
In this section, we present the estimation results of 

the Nerlove model based on the price of coffee. All the 
Nerlove model results were based on panel data 
covering all the three coffee zones; UM1, UM2 and 
UM3. The underlying assumption is that farmers take 
keen interest on variations in output prices and that 
such changes affect their production decisions, hence 
the supply response. A variant to this is that changes 

in prices of inputs, in this case fertilizers and sprays 
enter into the farmers’ production thus affecting 
supply. In undertaking the analysis, the study first 
conducted a pooled OLS regression model for supply 
response of coffee production before estimating the 
Nerlove model for the respective zones using the 
random effects model. This was necessary to assess 
whether or not the supply response of coffee 
production differed across zones and years. Table 2 
below gives a summary of the estimation results. 

 
TABLE 2: SUPPLY RESPONSE OF COFFEE PRODUCTION USING POOLED OLS REGRESSION 

Coffee output at time t (At) Coefficient P-value 

Price of Coffee per Kg in Kshs (Pt-1) 7.707 0.611 

Coffee output at time t-1 (At-1) 0.831* 0.000 

Coffee output at time t-2 (At-2) 0.058 0.274 

Year 2004 Reference  

Year 2005 373.076 0.712 

Year 2006 116.202 0.881 

Year 2007 198.714 0.801 

Year 2008 141.303 0.855 

Year 2009 143.819 0.849 

Year 2010 51.467 0.943 

Year 2011 265.512 0.720 

Year 2012 Omitted  

Year 2013 60.545 0.897 

Year 2014 56.989 0.906 

UM1 Zone Reference  

UM2 zone 127.878 0.452 

UM3 Zone 308.805* 0.030 

Constant  -363.257 0.758 

F-Statistic (14,1011) 54.50* 0.000 

R-Squared 0.4301  

Adjusted R-Squared 0.4222  

α1  68.977  

α0  -3251.030  

ɛ  1.977  

Testparm for the years F(9, 1011) 0.200 0.994 

Testparm for the zones F(2, 1011)  2.450**   0.087 
Source: Field Data (2016) 

The estimation results presented in Table 2 shows 
that the estimated model had an F-statistic value of 
54.50 with a corresponding P-value of 0.0000. This 
illustrates that the included variables in the model are 
jointly significant in explaining the variations of coffee 
output. The adjusted R-square of 0.4222 shows that 

up to 42.22% of changes in coffee output are 
explained by the variables included in the model.  

From the results presented in Table 2 and upon 
including the price of coffee per Kg in Kshs gives bo = 
-363.26, b1 =7.707, b2 = 0.831 and b3 = 0.058. This 
means that α1 = 68.977 and α0 = -3251.030. Hence, 
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based on the supply response from pooled OLS 
regression, the coffee output in the current time period 
varies significantly with changes in the coffee output in 
the previous one year. The estimation results yield a 
long run price elasticity of 1.977. The computed price 
elasticity of 1.977 implies that a unit change in the 
price of coffee leads to 1.977 changes in coffee 
output.  

After conducting the supply response using the 
pooled OLS regression model, a joint parameter test 
for the years and the zones was conducted. The 
results presented in Table 2 gives F-test statistic of 
0.200 and a p-value of 0.994 for the year variable. 
The F-statistic, which is the coefficient of joint 
determination, is statistically insignificant. This means 
that there was no statistically significant difference in 
the coffee output realized by the coffee farmers in 
Kiambu County across the years. In respect to the 
zones, the F-statistic was 2.45 with a p-value of 0.087. 
According to the estimation results, the joint inclusion 
of zones was statistically insignificant at the 5% level. 
It was, however, statistically significant at the 10% 

level of significance. This means that there was no 
statistically significant difference in output across 
three zones, if tested at 5% significance level. 
Statistically significant differences in output between 
the zones could only be sustained if the test was 
conducted at the 10% significance level.  

It is evident from the results presented in Table2 
that the parameter test for joint inclusion of the years’ 
variables in the supply response model is not 
statistically significant. The results presented in 
Table2, however, show that the parameter test for the 
joint inclusion of the zones in the supply response 
model was statistically significant at the 10% level of 
significance. Consequently, the analysis of the 
Nerlove model using the random effects model will not 
incorporate the year variables but will include each of 
the three zones, and an analysis of the three zones 
combined. Table 3 gives a summary of the results 
supply response of coffee production based on 
estimation of the Nerlove model for UM1 zone. The 
variable of importance is coffee prices. 

  
TABLE 3: SUPPLY RESPONSE OF COFFEE PRODUCTION USING NERLOVE MODEL FOR ZONE UMI 

Coffee output at time t (At) Coefficient P-value 

Price of Coffee per Kg in Kshs (Pt-1) 1.335 0.356 

Coffee output at time t-1 (At-1) 0.644* 0.000 

Coffee output at time t-2 (At-2) 0.169* 0.000 

Constant  52.662 0.417 

Chi-Square (3) 713.35 0.000 

Within R-Squared 0.0211  

Between R-Squared 0.9662  

Overall R-Squared 0.6650  

α1  7.139  

α0  281.615  

ɛ  0.409  
Source: Field Data (2016) 

 
The estimation results presented in Table3 gives a 

chi-square Wald test for joint significance with statistic 
values of 713.35 for UM1 zone. The associated p-
value of 0.0000 for the wald chi-square statistic shows 
that the variables included in explaining coffee 
productivity are jointly significant in UM1 zone. 
Furthermore, the overall R-squared value of 0.6650 
shows that the explanatory variables included in the 
model account for 66.50% of the variation in coffee 
output in UM1 zone.  
From the reduced form equation of the Nerlove model 
and upon including the price of coffee per Kg in Kshs 
for zone UM1, the estimation results give a bo = 
52.662, b1 = 1.335, b2 = 0.644 and b3 =0.169. Hence, 
based on equation α1 = b1/ (1 – b2 – b3), α1 =7.139. 
After solving the equation for b0 and b1, gives α0 
=b0/b1α1=281.615. The implication is that based on 
the Nerlove model, coffee output in the current time 
period varies significantly with changes in the coffee 
output in the previous one year and also in the coffee 
output in the previous two years.  
 

Based on the formula (the mean price of 
fertilizers/the average coffee output). The long run 

price elasticity, which gives the degree of 
responsiveness of changes in coffee output as a 
result of changes in the price of coffee, is 0.409. Thus 
a unit change in the price of coffee leads to a 0.409 
change in coffee output. If the cost-based assumption 
is used and the nerlove model is fitted with the cost of 
inputs: fertilizers and spray, then the estimation 
results for UM1 zone is as illustrated in Table 4.  

The results presented in Table 4 gives chi-square 
wald tests for joint significance with statistic values of 
719.96 and 720.51 for UM1 zone when cost of 
fertilizer and cost of spray were used, respectively. 
The associated p-values of 0.0000 for the wald chi-
square statistic shows that the variables included in 
the model are jointly significant in explaining coffee 
production in UM1 zone. Furthermore, the overall R-
squared value of 0.6644 shows that the explanatory 
variables included in the model account for 66.44% of 
the variation in coffee output in UM1 zone when cost 
of fertilizer was used. Similarly, the overall R-squared 
of 0.6689 deduced from the estimation when cost of 
spray is used implies that 66.89% of the variations in 
coffee output in UM1 zone is explained by the model. 
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TABLE 4: SUPPLY RESPONSE OF COFFEE PRODUCTION USING NERLOVE MODEL FOR ZONE UMI 

Variable If Cost of fertilizer is used If Cost of spray is used 

Coffee output at time t (At) Coefficient P-value Coefficient P-value 

Cost of Fertilizer used in Kshs (Pt-1) 0.002 0.718   

Cost of Spray used in Kshs (Pt-1) 
  

0.027* 0.021 

Coffee output at time t-1 (At-1) 0.641* 0.000 0.638* 0.000 

Coffee output at time t-2 (At-2) 0.168* 0.000 0.170* 0.000 

Constant  96.366* 0.012 64.789** 0.095 

Chi-Square (3) 719.96* 0.000 720.51 0.000 

Within R-Squared 0.0209 
 

0.0238  

Between R-Squared 0.9663 
 

0.9647  

Overall R-Squared 0.6644 
 

0.6689  
Source: Field Data (2016) 

 
The estimation results presented in Table 4 

indicates that the reduced form equation of the 
Nerlove model, and upon including the cost of 
fertilizers for zone UM1 without incorporating the cost 
of spray gives bo = 96.366, b1 = 0.002, b2 = 0.641 
and b3 = 0.168. Hence, based on equation α1 = b1/ (1 
– b2 – b3), α1 =0.010. After solving the equation for 
b0 and b1, gives α0 =b0/b1α1=504.534. The 
implication is that coffee output in the current time 
period varies significantly with changes in the coffee 
output in the previous one year and also in the coffee 
output in the previous two years. These results are 
consistent with those reported in Table 3, which uses 
price of coffee as the variable of significance. Based 
on the formula  

𝜀 =  𝛼1
𝜌

𝐴
  =𝜀1 (

𝑡ℎ𝑒 𝑚𝑒𝑎𝑛 𝑝𝑟𝑖𝑐𝑒 𝑜𝑓 𝑓𝑒𝑟𝑡𝑖𝑧𝑒𝑟𝑠

𝑡ℎ𝑒 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑐𝑜𝑓𝑓𝑒𝑒 𝑜𝑢𝑡𝑝𝑢𝑡
),  

the long run price elasticity, which gives the degree of 
responsiveness of changes in coffee output as a 
result of changes in the cost of fertilizer inputs, is 
0.080. Thus a unit change in the cost of fertilizer leads 
to a 0.080 change in coffee output. However, when 
the cost of spray is included only in the reduced form 

equation of the Nerlove model in UM1 zone, then bo = 
64.789, b1 = 0.027, b2 = 0.638, b3 = 0.170, α1 =0.141 
and α0 = 337.443. On applying the parameter 
estimates to the formula, it yields a long run price 
elasticity of 0.331. This indicates that a unit change in 
spray input contributes to a 0.331 change in coffee 
output. 

Table 5 gives a summary of the results for supply 
response of coffee production for Zone UM2 using the 
Nerlove model. It gives the estimation results when 
the Nerlove model is fitted with price of coffee. The 
results presented in Table 5 gives a chi-square Wald 
test for joint significance with statistic values of 532.61 
for UM2 zone. The associated p-value of 0.0000 for 
the Wald chi-square statistic shows that the variables 
included the model are jointly significant in explaining 
coffee productivity in UM2 zone. The estimated overall 
R-squared value is 0.5894. This shows that the 
explanatory variables included in the model account 
for 58.94% of the variation in coffee output in UM2 
zone. 

 
  TABLE 5: SUPPLY RESPONSE OF COFFEE PRODUCTION USING NERLOVE MODEL FOR ZONE UM2 

Coffee output at time t (At) Coefficient P-value 

Price of Coffee per Kg in kshs (Pt-1) -0.398 0.929 

Coffee output at time t-1 (At-1) 0.668* 0.000 

Coffee output at time t-2 (At-2) 0.108* 0.046 

Constant  346.706* 0.032 

Chi-Square (3) 532.61* 0.000 

Within R-Squared 0.0540 
 Between R-Squared 0.9870 
 Overall R-Squared 0.5894 
 α1  -1.777 
 α0  1547.795 
 ɛ -0.032 
 Source: Field Data (2016) 

 
From the reduced form equation of the Nerlove 

model and upon including the price of coffee per Kg in 
Kshs for zone UM2 gives bo = 346.706, b1 =-0.398, 
b2 = 0.668 and b3 = 0.108 and hence α1 =-1.777 and 
α0 =1547.795. Hence, based on the Nerlove model, 
the coffee output in the current time period varies 
significantly with changes in the coffee output in the 
previous one year and also in the coffee output in the 

previous two years. This yields a long run price 
elasticity of -0.032 showing that a unit change in the 
price of coffee leads to -0.032 changes in coffee 
output.  

Table 6 gives the estimation results of the Nerlove 
model for UM2 zone based on cost of inputs. The 
estimation results give chi-square Wald tests for joint 
significance with statistic values of 551.35 if cost of 
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fertilizer is used and a statistic of 534.91 if cost of 
spray is used. The associated p-values of 0.0000 for 
the Wald chi-square statistic shows that the variables 
included in the model are jointly significant in 
explaining coffee production in UM2 zone. The Overall 
R-squared is 0.5978 for the model that considers the 
cost of fertilizer and 0.5905 for the model that 
considers the cost of spray. The estimated values of 

the overall R-Squared shows 59.78% of the variations 
in coffee output in UM2 zone is explained by the 
explanatory variables included in the model that 
considers the cost of fertilizer. The statistic of 0.5905 
in the model that includes the cost of spray implies 
that 59.05% of the variations in coffee output in UM2 
zone is explained by the explanatory variables 
included in the model. 

 
 TABLE 6: SUPPLY RESPONSE OF COFFEE PRODUCTION USING NERLOVE MODEL FOR ZONE UM2 

Variable If Cost of fertilizer is used If Cost of spray is used 

Coffee output at time t (At) Coefficient P-value Coefficient P-value 

Cost of Fertilizer used in Kshs (Pt-1) 0.019* 0.007   

Cost of Spray used in Kshs (Pt-1) 
  

0.009 0.328 

Coffee output at time t-1 (At-1) 0.626* 0.000 0.658* 0.000 

Coffee output at time t-2 (At-2) 0.094** 0.079 0.110* 0.041 

Constant  268.509* 0.004 312.765* 0.001 

Chi-square (3 551.35* 0.000 534.91 0.000 

Within R-Squared 0.0684 
 

0.0547  

Between R-Squared 0.9768 
 

0.9851  

Overall R-Squared 0.5978 
 

0.5905  
Source: Field Data (2016) 

 
The results presented in Table 6 indicates that 

from the reduced form equation of the Nerlove model 
and upon including the cost of fertilizers for zone UM2 
without incorporating the cost of spray gives bo = 
268.509, b1 = 0.019, b2 = 0.626 and b3 = 0.094 and 
hence α1 =0.068 and α0 =958.961. Hence, based on 
the Nerlove model, coffee output varies significantly 
as a function of changes in the previous year’s cost of 
fertilizers and changes in the previous year’s cost of 
spray chemicals. In addition, the coffee output in the 
current time period varies significantly with changes in 
the coffee output in the previous one year and also in 
the coffee output in the previous two years. This yields 
a long run price elasticity of 0.356 showing that a unit 
change in the cost of fertilizer leads to 0.356 changes 
in coffee output. However, when the cost of spray was 
included only in the reduced form equation of the 

Nerlove model in UM2 zone bo = 312.765, b1 = 0.009, 
b2 = 0.658 and b3 = 0.110. Hence, α1 =0.039 and α0 
=1348.125. This yields a long run price elasticity of 
0.094 which indicates that a unit change in spray input 
contributes to a 0.094 change in coffee output.  

Table 7 gives a summary of the results for supply 
response of coffee production for Zone UM3 using the 
Nerlove model; the computed chi-square Wald test for 
joint significance has a value 131.47. The associated 
p-value for the Wald chi-square statistic is 0.0000. 
This shows that the variables included the model are 
jointly significant in explaining coffee production in 
UM3 zone. The overall R -squared has a value of 
0.3376. This shows that the explanatory variables 
included in the model account for 33.76% of the 
variation in coffee output in UM3 zone

 
TABLE 7: SUPPLY RESPONSE OF COFFEE PRODUCTION WITH NERLOVE MODEL FOR ZONE UM3 

Coffee output at time t (At) Coefficient P-value 

Price of Coffee per Kg in kshs (Pt-1) 6.357 0.506 

Coffee output at time t-1 (At-1)  1.6090* 0.000 

Coffee output at time t-2 (At-2)              -0.22800 0.321 

Constant           -447.14600 0.268 

Chi-Square (3)            131.4700* 0.000 

Within R-Squared               0.1699 
 Between R-Squared 0.7281 
 Overall R-Squared 0.3376 
 α1              -16.6850 
 α0           1173.6120 
 ɛ              -0.4530 
 Source: Field Data (2016) 

 
 
From the reduced form equation of the Nerlove 

model and upon including the price of coffee in the 
previous one year for zone UM3 without gives bo =-

447.15, b1 =6.357, b2 = 1.609 and b3 =-0.228. Hence 
α1 =-16.685 and α0 =1173.612. Based on the results 
of the Nerlove model, the coffee output in the current 
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time period varies significantly with changes in the 
coffee output in the previous one year. This gives a 
long run price elasticity of -0.453 implying that a unit 
change in the price of coffee leads to 0.453 changes 

in coffee output. If the Nerlove model for UM3 zone is 
fitted with cost of inputs as the variables, then the 
results are as presented in Table 8. 

  
TABLE 8: SUPPLY RESPONSE OF COFFEE PRODUCTION WITH NERLOVE MODEL FOR ZONE UM3 

Variable If Cost of fertilizer is used If Cost of spray is used 

Coffee output at time t (At) Coefficient P-value Coefficient P-value 

Cost of Fertilizer used in Kshs (Pt-1) -0.037* 0.044   

Cost of Spray used in Kshs (Pt-1) 
  

-0.025 0.204 

Coffee output at time t-1 (At-1) 1.764* 0.000 1.657* 0.000 

Coffee output at time t-2 (At-2) -0.196 0.391 -0.232 0.310 

Constant  -66.513 0.788 -155.043 0.522 

Chi-Square (3) 136.93* 0.000 133.23 0.000 

Within R-Squared 0.1698 
 

0.1721  

Between R-Squared 0.7456 
 

0.7231  

Overall R-Squared 0.3467 
 

0.3405  
Source: Field Data (2016) 

 
The estimation results presented in Table8 shows 

that the chi-square Wald tests for joint significance for 
UM3 zone has a value of 136.93 and 133.23 when 
cost of fertilizer and cost of spray were used, 
respectively. The associated p-values of 0.0000 for 
the Wald chi-square statistic shows that the variables 
included in the model are jointly significant in 
explaining coffee production in UM3 zone. The 
estimated value for the overall R-squared is 0.3467 for 

the model that incorporates the cost of fertilizer. This 
value shows that the explanatory variables included in 
the model account for 34.67% of the variation in 
coffee output in UM3 zone. The estimated value for 
the overall R-Squared for the model that includes the 
cost of spray is 0.3405. This value implies that the 
model explains 34.05% of the variations in coffee 
output in UM3 zone.  

 
TABLE 9: SUPPLY RESPONSE OF COFFEE PRODUCTION USING NERLOVE MODEL FOR ALL ZONE  

Coffee output at time t (At) Coefficient P-value 

Price of Coffee per Kg in kshs (Pt-1) 2.987 0.313 

Coffee output at time t-1 (At-1) 0.838* 0.000 

Coffee output at time t-2 (At-2) 0.055 0.288 

Constant  51.705 0.670 

Chi-Square (3) 759.62* 0.000 

Within R-Squared 0.0694 
 Between R-Squared 0.8544 
 Overall R-Squared 0.4264 
 α1  27.916 
 α0  483.224 
  ɛ 0.800 
 Source: Field Data (2016) 

 
From the reduced form equation of the Nerlove 

model and upon including the cost of fertilizers for 
zone UM3 without incorporating the cost of spray 
gives bo = -66,513, b1 = -0.037, b2 = 1.764 and b3 = -
0.196. Hence α1 =0.065 and α0 = 117,100. The 
implication is that based on the Nerlove model, the 
coffee output in the current time period varies 
significantly with changes in the coffee output in the 
previous one year. The estimation results gives a long 
run price elasticity of 0.514 implying that a unit change 
in the cost of fertilizer leads to 0.514 changes in 
coffee output. However, when the cost of spray was 
included only in the reduced form equation of the 
Nerlove model in UM3 zone bo = -155.04, b1 = -
0.025, b2 = 1.657 and b3 = -0.232. Hence, α1 =0.059 
and α0 = 364.807, yielding a long run price elasticity 
of 0.233. This indicates that a unit change in spray 

input contributes to a 0.233 change in coffee output. 
Table 9 gives a summary of the results for supply 
response of coffee production for all the Zones using 
the Nerlove model and based on coffee prices as the 
variable of significance.  

The estimation results presented in Table 9 gives a 
chi-square wald test for joint significance that has a 
statistic of 759.62 for all zones combined. The 
associated p-value of 0.0000 for the wald chi-square 
statistic shows that the variables included the model 
are jointly significant in explaining coffee production in 
all zones combined. Furthermore, the estimated 
overall R-squared value of 0.4264 shows that the 
explanatory variables included in the model account 
for 42.64% of the variation in coffee output in all zones 
combined. From the reduced form equation of the 
Nerlove model and upon including the price of coffee 
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for all zones gives bo =51.705, b1 =2.987, b2 = 0.838 
and b3 =0.055. In this case, α1 =27.916 and α0 
=483.224. Hence, based on the Nerlove model, coffee 
output in the current time period varies significantly 
with changes in the coffee output in the previous one 
year. The estimation results give a long run price 
elasticity of 0.800. The results indicate that a unit 
change in the price of coffee leads to 0.800 changes 
in coffee output.  

If the cost of inputs is used and the Nerlove model 
fitted with cost of fertilizers and spray as the variables, 
then the estimation results is as presented in Table 
10. The estimation results presented in Table 10 gives 
a chi-square wald tests value statistic value of 760.81 
when cost of fertilizer is included in the model and a 
value of 757.99 if cost of spray is included. The 
associated p-values of 0.0000 for the wald chi-square 
statistic shows that the variables included the model 
are jointly significant in explaining coffee production in 
all zones combined. The overall R-squared has an 
estimated value of 0.4267 if cost of fertilizer is used 
and 0.4258 if cost of spray is used. This shows that 
the explanatory variables included in the model 
account for 42.67% of the variation in coffee output in 
all zones combined when cost of fertilizer is used. 

Similarly, the overall R-squared value of 0.4258 
shows that when the cost of spray was used, then 
42.58% of the variations in coffee output in all zones 
combined are explained by the variables in the model.  

The results presented in Table 10 shows that if the 
reduced form equation of the Nerlove model is used 
and upon including the cost of fertilizers for all zones 
without incorporating the cost of spray then bo = 
123.779, b1 = 0.008, b2 = 0.817 and b3 = 0.051. In 
this respect, α1 =0.061 and α0 =937.720. Hence, 
based on the Nerlove model, coffee output in the 
current time period varies significantly with changes in 
the coffee output in the previous one year. The results 
give a long run price elasticity of 0.392. The estimated 
elasticity shows that a unit change in the cost of 
fertilizer leads to 0.392 changes in coffee output. 
However, when the cost of spray is included only in 
the reduced form equation of the Nerlove model for all 
zones then bo = 149.528, b1 = 0.002, b2 = 0.834, b3 
= 0.055. In this case, α1 =0.018 and α0 = 1347.099. 
On applying the formula, the long run price elasticity 
becomes 0.051. This indicates that a unit change in 
spray input contributes to a 0.051 change in coffee 
output.  

 
TABLE 10: SUPPLY RESPONSE OF COFFEE PRODUCTION USING NERLOVE MODEL FOR ALL ZONE  

Variable If Cost of fertilizer is used If Cost of spray is used 

Coffee output at time t (At) Coefficient P-value Coefficient P-value 

Cost of Fertilizer used in Kshs (Pt-1) 0.008 0.192   

Cost of Spray used in Kshs (Pt-1) 
  

0.002 0.777 

Coffee output at time t-1 (At-1) 0.817* 0.000 0.834* 0.000 

Coffee output at time t-2 (At-2) 0.051 0.325 0.055 0.290 

Constant  123.779** 0.078 149.528* 0.029 

Chi-Square (3) 760.81* 0.000 757.99* 0.000 

Within R-Squared 0.0690 
 

0.0685  

Between R-Squared 0.8516 
 

0.8527  

Overall R-Squared 0.4267 
 

0.4258  
Source: Field Data (2016) 

 
1) Coffee Production Trend for the Last Ten 

Years in Kiambu County  
Coffee production in Kiambu County has been 

cyclical over the years. Table 11 gives a summary of 
the mean coffee production for the various zones

.
TABLE 11: TRENDS IN COFFEE PRODUCTION FOR VARIOUS ZONE  

  
 Variable 

Zones 

UM1 UM2 UM3  All Zones 

Mean Mean Mean Mean 

Coffee output in Kgs 632.271 1641.955 1257.926 1164.002 

Coffee price per Kg 36.25 29.87 34.18 33.37 

Cost of fertilizer used 4815.522 8624.982 9929.261 7526.521 

Cost of spray chemicals used 1489.248 3972.291 4973.773 3295.046 

Opportunity cost 5854.545 7236.364 11707.39 7861.382 

Labour Cost (30 per cent of TC) 15807.1095 25783.73 34593.551 24287.8337 

Total Revenue (TR) 22919.8238 49045.2 42995.911 38842.7467 

Total Cost (TC) 27966.4245 45617.37 61203.975 42970.7827 

Profits (TR-TC) -5046.6008 3427.831 -18208.06 -4128.036 
Source: Field Data (2016) 

 
The coffee output was on average 632.271 Kgs for 

UM1 zone, 1,641.955 Kgs for zone UM2, 1,257.926 
Kgs for UM3 zone. The mean output for all the zones 
was 1,164.002 Kgs. In addition, the mean total 
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revenue and total cost was Kshs. 22,919.82 and 
Kshs. 27,966.42, respectively for Zone UM1; Kshs. 
49,045.2 and Kshs. 45,617.37, respectively for zone 
UM2; and Kshs. 42,995.91 and Kshs. 61,203.98, 
respectively for zone UM3. The mean total revenue 
for all the zones was Kshs. 38,842.75 while the mean 
total cost was Kshs. 42,970.78.  

The data presented in Table 11 also shows that on 
average, coffee farmers in zones UM1 and UM3 made 
losses while those in zone UM2 made some profits. In 
this respect, the coffee farmers in zone UM1 made a 
mean loss of Ksh. 5,046.60 while those in zone UM3 
made, which was more than triple that of the farmers 

in zone UM1. The mean losses for these farmers 
(zone UM3) stood at Ksh. 18,208.06. In aggregate 
terms, the coffee farmers in Kiambu county made 
losses during the period 2004-2014. This may explain 
the uprooting of coffee trees and shift from coffee 
farming to other ventures by most of the farmers in 
Kiambu county.  
 
Table12 gives the trends in coffee production and 
profitability for the period 2004-2014.  
 
 

  
TABLE 12: TRENDS IN COFFEE PRODUCTION FOR VARIOUS YEARS 

  
Variable 

2004 2005 2006 2007 2008 2009 

Mean Mean Mean Mean Mean Mean 

Coffee output in Kgs 1096.744 1240.12 1156.44 1123.272 1075.76 1083.76 

Coffee price per Kg 8.38 24.52 24.99 25.06 25.99 27.76 

Cost of fertilizer used 9817.28 9430.36 8674.576 8968.16 8456.312 7545.4 

Cost of spray chemicals used 3025.896 2831.432 2826.92 2935.56 2802.48 3149.16 

Opportunity cost 7312 7387.2 7387.2 7651.2 7651.2 7651.2 

Labour Cost (30 percent of TC) 6046.5528 5894.6976 5666.6088 5866.476 5672.9976 5503.728 

Total Revenue (TR) 9190.71472 30407.7424 28899.4356 28149.19632 27959.002 30085.178 

Total Cost (TC) 26201.7288 25543.6896 24555.3048 25421.396 24582.99 23849.488 

Profits (TR-TC) -17011.01408 4864.0528 4344.1308 2727.80032 3376.0128 6235.6896 

 

  
Variable 

2010 2011 2012 2013 2014 

Mean Mean Mean Mean Mean 

Coffee output in Kgs 1013.928 1121.912 1355.456 1240.544 1296.088 

Coffee price per Kg 26.75 73.31 47.6 45.57 37.18 

Cost of fertilizer used 6011.04 5054.72 5861.8 6814.48 6157.6 

Cost of spray chemicals used 3034.98 3547.34 3540 3757.24 4794.5 

Opportunity cost 8088 8088 8088 8588 8583.2 

Labour Cost (30 percent of TC) 5140.206 5007.018 5246.94 5747.916 5860.59 

Total Revenue (TR) 26075.45 80130.46 58461.49 53995.95 47784.09 

Total Cost (TC) 22274.226 21697.078 22736.74 24907.636 25395.89 

Profits (TR-TC) 3801.224 58433.382 35724.75 29088.314 22388.2 
Source: Field Data (2016) 

 
The data presented in Table12 shows that coffee 

prices was considerably low in 2004 at Ksh. 8.38 per 
Kg. However, the coffee prices almost tripled to Ksh. 
24.52 per Kg in 2005 and remained at an average of 
Ksh. 25.66 per Kg up to the year 2010. The coffee 
prices then shot up considerably in 2011, reaching an 
all-time high of Ksh. 73.31 per Kg. The high price was, 
however, not sustained. It declined to Ksh. 47.6 in 
2012 and by a further 21.9 per cent to reach Ksh. 
37.18 per Kg in 2014. The summaries presented in 
Table12 also show that coffee farmers in Kiambu 
county realized a huge loss of Ksh. 17,011.01 from 
the coffee sales in 2004. The loss suffered by the 
farmers in 2004 was much higher compared to the 
marginal profits made by the farmers in 2005-2011. 
Relatively higher profits were realized in 2012 even 
this could be largely attributed to increased coffee 
output.  
 
 
 

VI. CONCLUSION AND RECOMMENDATIONS 
A. Conclusion 
The coffee output increases with the increase in 

the usage of triple 17 and CAN fertilizers, the usage of 
spray chemicals, especially copper type of spray, and 
the increase in the farm acreage. However, the 
quantity of sumithion type of spray used is negatively 
but statistically insignificant in relation to coffee output. 
The supply response of coffee output in the current 
period varies significantly with changes in the coffee 
output in the previous period and its two-year lag. 
Educated farmers are likely to be more productive. 
 

B. Recommendation 
Based on the findings, this study recommends that 

farmers should be encouraged to increase the usage 
of triple 17 and CAN fertilizers. The study is 
recommending the Government to subsidize the cost 
of fertilizers and spray chemicals in order to increase 
the productivity of coffee farms in Kenya. Coffee 
prices have been a major determinant to increase 
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coffee production globally. To address this challenge, 
the study is also recommending the use of Linear 
GARCH model to forecast and predict the 
international coffee prices which can then be 
disseminated to the farmers for informed decision 
making.  

The attainment of basic education (primary and 
secondary education level) is essential for the coffee 
farmers to enhance their coffee productivity. It is also 
recommended that farmers be trained in agricultural 
techniques so that they can improve their productivity 
and livelihoods; better still, farmers can be trained to 
train other farmers to do better land and crop 
husbandry. 
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