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Abstract 

The National Agricultural Input Voucher Scheme (NAIVS) was an agricultural input subsidy in 

the Republic of Tanzania that was first fully implemented in the 2008/09 planting season. 

Through NAIVS, certain households were given the opportunity to purchase a voucher that gave 

50% subsidy on a bundle of improved seeds and inorganic fertilizer. These household were 

selected due in part to their limited past experience with the inputs. It was theorized that these 

subsidized experiences with improved inputs may increase a farmer’s ability with them. This 

study estimates the effect of receiving vouchers in three separate years on a farmer’s technical 

efficiency using stochastic production frontiers. Results indicate that receiving a voucher further 

in the past is associated with larger increase in technical efficiency. This effect holds when 

controlling for potential selection bias of voucher recipients.  
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Introduction 

 The United Republic of Tanzania possesses a population that is primarily engaged in 

agriculture. World Bank data reports that in 2006, 77% of the nation’s workers were employed in 

that sector of the economy1. A large portion of this farming is done at the subsistence level and is 

dominated by staple crops such as maize, cassava, and rice. In 2002, the government 

implemented a transport subsidy for fertilizer in an attempt to increase widespread usage of the 

input. However, the program’s effectiveness was called into question by the government and was 

redesigned in 2007 into what became the National Agricultural Input Voucher Scheme (NAIVS). 

In the same year, domestic maize and rice prices increased sharply (Minot 2010). Out of this 

confluence of forces was born NAIVS in an attempt to bolster the country’s food security and 

increase input adoption rates.  

The NAIVS program selected farmers to give vouchers that entitled them to 50% subsidy 

on improved maize and rice seeds and inorganic fertilizers, redeemable at local venders. 

Households were chosen based on a number of criteria including cultivation of less than one 

hectare of maize/rice crops and the ability to pay the 50% top-up. The program was designed to 

give preference to female-headed households and households with minimal experience with 

improved inputs. Households were given these vouchers yearly for three years, after which they 

were expected to “graduate” and use their newly increased incomes to purchase their own inputs 

(World Bank 2014a). NAIVS was piloted in 2007/2008, fully implemented in 2008/2009 and 

continued each subsequent year until its final round in 2013/2014 (FAO 2014).  

 One of the objectives of NAIVS was to expose farmers who had never used modern 

agricultural inputs to improved seeds and fertilizer. The World Bank explains that the subsidy 
                                                           
1
 http://data.worldbank.org/indicator/SL.AGR.EMPL.ZS?page=1 
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“shared the costs of the farmer’s own experimentation with these inputs, and encouraged farmers 

to reevaluate the payoffs to improved inputs” (World Bank 2014a). The farmers were to be given 

three opportunities over three years to experiment to help them decide whether or not they 

wanted to continue using inputs once they graduated. However, in addition to giving the farmers 

the chance to evaluate the effectiveness of improved inputs, multiple exposures to the program 

gave them the subsidized opportunities to experiment and increase their practical knowledge of 

them.  In this case, it stands to reason that NAIVS may have an impact on farmers’ technical 

efficiency (TE) over time. Agricultural subsidy programs like NAIVS often receive criticism for 

their effectiveness. Therefore, if participation in NAIVS can be associated with increases in 

technical efficiency, then it would provide evidence for the usefulness of agricultural subsidy 

programs and set NAIVS as an example for future development efforts. 

 In this paper, follow-up data on the 2011/2012 round of the program gathered via 

household survey is analyzed in order to estimate the effect of an extra year of exposure on the 

program on farmers’ TE. Estimations are made using a stochastic production possibility frontier. 

In this model, maximum crop yield is estimated for a set of inputs and Technical Inefficiency 

(TI) is calculated from the residuals. Technical Inefficiency is defined as the distance between a 

farmer’s actual output and what is predicted by the production frontier. It is determined by a set 

of household characteristics that include a farmer’s skill and experience with inputs. My 

hypothesis is that exposure to NAIVS decreases TI by giving farmers experience with improved 

inputs. Results indicate that receiving vouchers in earlier years is associated with decreases in TI, 

magnitude and significance of the effect decreases for more recent vouchers 
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Literature Review 

 The following literature review has two main components: evidence that improved inputs 

increases crop yield and methods to increase farmers’ technical efficiency. This division mirrors 

the estimation strategy used in this paper, which first accounts for crop yields and then predicts 

TI.  

Part 1 

 Many studies find evidence that improved seeds and fertilizer contribute to greater 

household welfare for small-holders in sub-Saharan Africa. Maroud et al. (2013) report how 

substituting improved seeds for local seeds affected the income and livelihoods for farmers in 

Umruwaba, Sudan. They administered household surveys to 60 respondents throughout 14 

villages selected via multistage random sampling. The authors apply this data to a linear 

programming model in which they determine the profit-maximizing combination of farm 

activities possible from the observed household constraints. Then, they test the impact of 

improved seeds substituted for normal seeds and specified the model to determine “the optimum 

resource allocation for specific activities for improving the income level at the household level” 

(Maroud et al. 2013). This includes both farm and non-farm activities. Results indicate that with 

improved seeds, cash income per hectare of land and total gross margin (defined as the 

difference between sales and input costs for all household activities) increases by 981% and 

467% respectively. Additionally, gross margin per unit of labor, seed supply, and productivity 

increases by 468%, 467%, and 200% respectively. These results indicate that adoption of 

improved seeds translates to substantially higher productivities and incomes for farmers.  
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 Mathenge et al. (2014) looks at the impact of improved seed use on farmers’ welfare in 

rural Kenya. They used a panel data set that collected data over 13 years about income, poverty, 

and development from 1578 households over 24 districts. The authors use a treatment-on-the-

treated model. In this situation, the farmers who use hybrid seeds are considered the treatment 

group and those who do not are considered the control group. Welfare is defined by four 

indicators: income, assets, inequality, and poverty. The results indicate that using hybrid seeds 

increases household income by an average of 7%, increases asset wealth by an average of 9%, 

reduces inequality by 15% (measured by relative deprivation as compared to other maize 

growers), and tends to reduce poverty by an average of 2.9%.   

There are several other studies which show that improved seeds benefit the welfare of 

smallholders in Africa. Cungara & Darnhofer (2011) use regression and matching techniques to 

show that using improved seeds significantly increased the incomes of households in rural 

Mozambique, as long as the households had adequate market access. There is also another study 

set in Kenya by Nyangena & Juma (2014) which uses propensity score matching combined with 

a difference-in-differences approach. They find that improved maize seed varieties significantly 

increase crop yields when used in combination with inorganic fertilizers.  

 Another way to analyze the effects of fertilizer is to look at how usage affects farmer 

welfare. Unlike with improved seeds, many studies show that the connection between inorganic 

fertilizer usage and improved household welfare is much less straightforward. Ayinde et al. 

(2009) takes place in Nigeria and looks at crop yield during two distinct periods of time. The first 

is from 1990-1995, when import duties on fertilizers were high, and the second is from 1995-

2006, when import duties were reduced dramatically under liberalization. Using descriptive 

techniques, regression analysis, and t-tests the authors explore differences in fertilizer usage 
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cross-country between the two time periods and estimate if they bear any relation to crop yields. 

They find fertilizer usage rate to be negatively associated with crop yields, contrary to what one 

might expect. They explain this in terms of diminishing returns and propose that Nigerian 

farmers already apply enough fertilizer to the point that additional units do not add any more to 

crop yield. 

 Xu et al. (2009) look at how fertilizer impacts profitability in Zambia and use a panel 

data set collected by the country’s Central Statistical Office. The authors use regression analysis 

to create a crop production function and estimate the effect of fertilizer and other factors on crop 

yield. They control for observed heterogeneity using the Mundlak-Chamberlain approach in 

which the heterogeneity is accounted for explicitly in the model. The authors find that the impact 

of timely receipt of fertilizer was an additional positive partial effect of 11% on crop yield at the 

median rate of fertilizer application. The marginal product of application falls as application rate 

rises. However, receiving fertilizer late cuts the marginal product of fertilization in half. They 

conclude that fertilizer tends to be more profitable if it is delivered to households on time, the 

households live in accessible areas, and there has not been a recent adult death in the household. 

However, fertilization does tend to have positive effects on yield, ceteris paribus.  

A third study by Nkonya et al. (2005) finds that fertilizer in Uganda tends to be 

unprofitable for farmers. They used an econometric model to estimate the elasticity of production 

of maize in response to fertilizer and found it to equal 0.027 on average. This meant that, on 

average, applying fertilizer cost farmers 434 Ugandan shillings per acre and only produced an 

extra 326 production value per acre, making fertilizer a poor investment. Interestingly, these 

results seem to contradict research done by the Ugandan Natural Agricultural Research 

Organization which produced maize yields up to eight times what the typical farmer produces. 
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Bayite-Kasule (2009) comments that if this is because of improper soil fertility management on 

the part of the farmers, there may be substantial room for improvement in the usefulness of 

fertilizer in the future. 

Overall, it seems that the majority of the literature agrees that improved seeds and 

fertilizer offer positive potential for yield and profitability, but that they need to be applied 

correctly or else the gains will be wasted. The report from the IFPRI seems to suggest that the 

usefulness and profitability of fertilizer greatly depends on the individual farmer’s skill in 

applying it. This suggests that if participation in NAIVS improves farmers’ skills in applying 

improved inputs, then this increase in TE should have a positive impact on crops yields. 

Technical efficiency is determined in-part by individuals’ skills with which they apply 

inputs. Exposure to NAIVS has the potential to increase technical efficiency by giving 

participants extra experience with these items. There is some evidence that instruction and 

experience can increase technical efficiency. Forsund et al. (1980) argues that one of the primary 

determinants of technical inefficiency is farm management practices. Therefore, increased skill 

and knowledge about farming should decrease a household’s technical inefficiency. This idea is 

tested in Revilla-Molina et al. (2008), where the authors estimate the source of technical 

efficiency in rice farmers in Yunnan, China via stochastic production frontiers. They find that 

farming experience and contact with extension workers are both negatively associated with 

technical inefficiency. Haider et al. (2011) concludes that farming experience was one of the few 

factors that significantly affected the technical efficiency of farms in Khulna, Bangladesh. 

Similarly, O’Neill et al. (1999) finds that the coefficients on their variables that measure contact 

with extension officers show a positive relationship with technical efficiency that is significant at 



K n o w l e s  | 8 

 

the 1% level. Lastly, Asogwa et al. (2006) also find that farming experience and contact with 

extension officers have positive and significant relationships with TE. 

On the other hand, farming experience and contact with extensions officers are not 

universally found to be positively associated with technical efficiency. Idiong (2007) studies rice 

production in the Cross River State of Nigeria and analyzes various sources of technical 

efficiency with stochastic production frontiers. They found positive coefficients on both 

extension contact and farming experience, indicating some sort of positive trend. However, 

neither of the coefficients were found to be statistically significant. They conclude that being an 

experienced farmer does not matter if one cannot apply more advanced technology to input 

arrangement. In general, however, most studies find a positive relationship between farming 

experience and technical efficiency. 

It is also important to see if there is any association between experience with improved 

inputs and technical efficiency, since this is the main relationship that this study tests. Velarde & 

Pede (2013) measures the technical efficiency of farm households in Laguna, Phillipines. They 

find the surprising result that greater usage of chemical inputs (like chemical fertilizers) tends to 

have a neutral-to-negative effect on technical efficiency. At first glance, this would seem to 

imply that greater experience with improved inputs (like would happen with NAIVS) may not 

have a productive effect. However, the authors attribute this lack on an effect to investment past 

the point of diminishing returns and into negative returns. Inefficient farmers may have been 

over-applying these inputs to the point of toxicity for the crops, which clearly harms yield. If this 

is the case, then it may not have poor implications for NAIVS. 

In summary, the majority of the literature agrees that farming experience and agricultural 

(extension) are positively related to reductions in technical inefficiency when using inputs. 
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Additionally, despite some evidence that greater use of chemical inputs may not be beneficial for 

yields, this effect is reduced when farmers apply proper amounts. Also, the literature credits 

improved seeds and inorganic fertilizer with being positively associated with increases in crop 

yield. Combining these two consensuses, it implies that the greater experience and knowledge of 

improved inputs afforded by NAIVS may reduce technical inefficiency in crop production. 

This study contributes to the existing literature by testing whether or not policy 

interventions may have the potential to increase TE. Specifically, it measures how TE may be 

affected by being afforded the additional opportunity to experiment with advanced inputs via the 

NAIVS program. Few other studies of agricultural production have looked at how certain policy 

interventions affect TE, this is the first to look specifically at the impact of an input subsidy. 

 

Data 

 REPOA provided me data from the follow-up survey of the 2011/2012 NAIVS round. 

REPOA is a development policy think tank based in Dar es Salaam, Tanzania. These data 

contain observations on households across multiple districts in Tanzania which were selected to 

be part of the NAIVS 2011/2012 cycle as well as non-beneficiaries. However, all yield and input 

data is from the 2010/2011 planting season. It includes a thorough household survey, a listing 

survey, agrodealer data, and a village-level survey. The survey was conducted with the assistance 

of The World Bank and has been used in several World Bank reports, which speaks to its quality 

and reliability. This study uses only the household survey. The household survey contains 

observations on 2040 households, many of which have multiple plots. Analyzed at the crop level, 

the data contains 4791 observations. Each plot contains one or more crops, and each household 

owns one or more plots. The data is comprised of variables on a variety of household 
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characteristics and agricultural practices. These include data on crop yield, inputs (seeds, 

fertilizer, labor, etc.), social networks, credit, savings, and implementation of NAIVS.  

 The primary limitation to this data is the fact that it is not panel. A panel dataset would 

allow for a differences-in-differences approach to tracking changes in technical efficiency over 

time in which receiving a voucher would be considered the critical event. Unfortunately, because 

the data is cross-sectional, one must use some alternative techniques in order to estimate the 

effects of vouchers from previous planting season on 2011/2012 yields. A secondary limitation is 

a lack of information on farming, as in Goldman (2013) as well as data on household heads’ 

status in their communities from years other than 2011/2012. There is evidence from The World 

Bank (2014) that vouchers from previous version of the NAIVS program were subject to elite 

capture. Though this issue was improved in subsequent iterations, it means that there may have 

been of a selection bias in the 2008-2009 round of the program. If this is not controlled for, it 

could affect the coefficient on the 2008-2009 voucher variable in the TE analysis. 

Below are summary statistics for the variables in the model. They are separated based on 

the stages of my analysis. Table 1 contains the mean, median, min/max, standard deviation, and 

number of observations for the variables in stage one where I estimate the production possibility 

frontiers for crop yield. This includes the dependent variables (the yields), and their various 

inputs into production (seeds, fertilizer, labor, herbicide, irrigation, etc.). Table 2 contains the 

mean, median, min/max, standard deviation, and number of observations for the variables used 

in stage two where I estimate the determinants of technical inefficiency. As with Table 1, this 

includes the dependent variable (technical inefficiency) and its various determinants. These 

determinants include a variety of household head characteristics, assets, location, and 

participation in NAIVS.  Observations for both are at the crop level. 
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Table 1: Summary Statistics of Farming Inputs 
Variable Mean Median SD Min Max N 

Maize yield (kg/acre) 1364.6 420 25779.3 0 1200000 2218 
Rice paddy yield (kg/acre) 925.7 700 1119 0 11666.67 294 
Bean yield (kg/acre) 378.9 166.7 1831.9 0 50000 962 
Irrigation dummy 0.141 0 0.348 0 1 4775 
Seeds used (kg/acre) 44 12.5 495.9 0 3333.3 4198 
Organic fertilizer (kg/acre) 116 0 1543.3 0 100000 4665 
Inorganic fertilizer (kg/acre) 90 0 1033.3 0 30000 4665 
Herbicide (TSH/acre) 20702.6 0 507432.9 0 24000000 4665 
Labor (man days) 18.1 12 21.5 0 210 4781 
Labor (woman days) 22.7 18 21.2 0 185 4781 
Labor (child days) 6.5 0 11.6 0 138 4781 
Wheel barrows owned 0.132 0 0.932 0 12 4779 
Hoes owned 3.268 3 2.912 0 80 4779 
Times crops sprayed 0.126 0 0.514 0 10 4775 
Ploughs owned 0.154 0 0.470 0 6 4779 

 

One of the striking things about many of the continuous variables in Table 1 is their 

distributions. Many of them are characterized by significant outliers, which generate 

unrepresentatively large means and standard deviations. This is the case for the various crop 

yield variables, seed input, fertilizer inputs, and herbicide. In these cases, the median may be a 

better measurement of central tendency, since it is less sensitive to outliers. However, in the case 

of fertilizers and herbicide, neither the mean nor the median are good measurements of central 

tendency. This is because most households reported no usage of these inputs, making their 

median values 0. Histograms of certain key inputs effectively display their distributions. The 

natural log is taken of several of the variables for convenient graphical display. Additionally, 1 is 
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added to all of the logged variables before logging in order to prevent missing values. This does 

not affect variation. 

 

 Chart 1 displays the frequency distribution of maize yield. Its units are in the natural of 

log of kg/acre in order to measure efficiency. In order to capture the values of zero when logged, 

an extra unit of kg/acre of yield is added to each observation. By and large, the data are 

distributed normally. The large accumulation at zero has to do with the fact that many 

households have experienced total crop failure in some of their plots, and recorded 0 yield for 

certain crops. This should be distinguished from a household never planting a certain crop, which 

is recorded as a missing value. Recording total crop failures as having 0 yield should not be 

problematic for a couple of reasons. The first is that it can be argued that crop failure is a 

function of a farmer’s TE, which is something that should be captured. Second, while it is true 
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that crop failure can come as a result of vicissitudes in climate and pests, these random events of 

“luck” are accounted for by the stochastic component of this paper’s production frontier.  

 The distributions for input usage tend to have large accumulations at zero. This is 

because these are considered “advance inputs” and therefore not necessary to farming. Therefore, 

the logged usage of each input, given in Charts 2 – 5, is only for the distributions of positive 

usage of each input. Chart 2 shows a normal distribution of seed usage, slightly skewed to the 

right. This skewedness is mostly due to certain exceptional farmers who also produce large 

amounts of yield. Charts 3, 4, and 5 are similar in the form. These are also in kg/acre, except for 

herbicide which is in Tanzanian Shillings (TSH)/acre because it was not reported strictly in terms 

of kg. There are some interestingly high frequencies for certain values of inorganic fertilizer, and 

usage in many cases is so infrequent that it is difficult to tell the exact distribution. But apart 

from these exceptions, the non-zero values appear close-to-normal. For my models, however, 

outliers present in Charts 1 through 5 are dropped. 
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 Table 2 gives summary statistics for the possible determinant of technical inefficiency. 

Most of these items are dummy variables. This is not a problem given the nature of stochastic 

frontiers. This is because a change in dummy variable in these cases would represent a shift 

purely in the Y axis of the frontier for a given set of inputs. This will be discussed more in the 

methods section. A few variables and values are worth greater explanation. Education is not 

measured in terms of years. Instead, it is measured in levels of academic accomplishment of the 

household head. However, each marginal value between codes 0 and 17 can be seen as 

representing an additional year of education. There are only fifty observations with codes greater 

than 17, and it is uncertain exactly how many years it takes to achieve each subsequent level of 

education. Therefore, to view education as a continuous variable in this context would not be 

entirely inappropriate. The codes are attached in the appendix.  

DAP, MRP, and Urea knowledge are dummies in which 1 represents a professed 

knowledge of the proper amount of fertilizer that should be applied of each variety. Savings 

represents the total amount of money held in savings by the household in TSH, whether in or 

outside an account. Credit is a dummy in which 1 indicates that the household has requested 

credit in the last growing season. The variables named Iringa through Ruvuma are dummy 
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variables indicating the region of the household. Efficiency can vary based climatic and soil 

differences between regions, which makes the household’s location significant. The omitted 

region here is Arusha, in which approximately 47.4% of sample plots were based.  

All of the group dummies are coded as 1 at least one person in the household belongs to 

that type of group. All of the group leader dummies are coded as 1 if at least one person in the 

household is considered a decision maker, leader, and president/ vice president of the group. 

Lastly are several summary statistics for the distribution of NAIVS vouchers. The first one 

shows the percentage of plots owned by voucher-eligible households in 2011/2012. The second 

shows the average number of vouchers that went toward each plot’s household. The last three 

give the percentage of crops which had households that received vouchers in each given period.  

Table 2: Summary Statistics for Determinants of Inefficiency 
Variable Mean Median SD Min Max N 

Age of HH head 48.5 46 15.11 0 99 4613 
Education of HH head 6.755 8 3.87 0 22 4612 
DAP knowledge 0.422 0 0.494 0 1 4781 
MRP knowledge 0.332 0 0.471 0 1 4781 
Urea knowledge 0.588 0 0.492 0 1 4781 
Needed agronomic advice 0.819 1 0.385 0 1 4779 
Needed seeds advice 0.786 1 0.411 0 1 4779 
Needed fertilizer advice 0.824 1 0.824 0 1 4779 
Needed irrigation advice 0.678 1 0.467 0 1 4779 
Needed other advice 0.270 0 0.444 0 1 4779 
Received agronomic advice 0.228 0 0.420 0 1 4779 
Received seeds advice 0.188 0 0.391 0 1 4779 
Received fertilizer advice 0.233 0 0.423 0 1 4779 
Received irrigation advice 0.069 0 0.253 0 1 4779 
Received other advice 0.010 0 .0099 0 1 4779 
Credit group 0.181 0 0.386 0 1 4795 
Credit group leader 0.040 0 0.196 0 1 4795 
Farmer group 0.072 0 0.278 0 1 4781 
Farmer group leader 0.020 0 0.139 0 1 4795 
Cropbank 0.004 0 0.061 0 1 4795 
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Cropbank leader 0.003 0 0.054 0 1 4795 
Women’s group 0.062 0 0.241 0 1 4795 
Women’s group leader 0.018 0 0.133 0 1 4795 
Political party 0.064 0 0.245 0 1 4795 
Political party leader 0.010 0 0.097 0 1 4795 
Owns plot 0.873 1 0.333 0 1 4781 
Owns radio 0.767 1 0.647 0 1 4779 
Owns mobile phone 0.894 1 1.966 0 1 4779 
Savings 167989 30000 540634 0 8300000 4701 
Credit 0.179 0 0.383 0 1 4781 
Iringa 0.083 0 0.276 0 1 4781 
Kigoma 0.110 0 0.313 0 1 4781 
Kilimanjaro 0.073 0 0.260 0 1 4781 
Mbeya 0.064 0 0.244 0 1 4781 
Morogoro 0.058 0 0.234 0 1 4781 
Rukwa 0.050 0 0.218 0 1 4781 
Ruvuma 0.066 0 0.247 0 1 4781 
Voucher eligible in 2011/12 .421 0 .509 0 1 4779 
Vouchers received 2008-2010 .651 0 .836 0 6 4781 
Received voucher in 2008-2009 .040 0 .208 0 2 4781 
Received voucher in 2009-2010 .149 0 .386 0 2 4781 
Received voucher in 2010-2011 .462 0 .547 0 2 4781 

 

 The last three variables are of particular interest, since they are the key explanatory 

variables in the model. It is worth looking at their distribution among key crops. Chart 6 displays 

how many maize crops had households that received vouchers for the three given planting 

seasons. However, the quantity of received by households is problematic. Only 77 crops across 

the 2,232 maize crops belonged to households that received at least 1 voucher in the 2008-2009 

planting season. This small treatment group could pose some problems with statistical 

significance in the results. Fortunately, this number increases to 317 crops in the 2009-2010 

planting season and over 1000 in the 2010-2011 planting season.  
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One last notable facet of these variables is that notion of the program “graduate” 

mentioned in the introduction does not seem to actually exist. Supposedly, voucher recipients 

were supposed to receive vouchers for a total of three consecutive years and then graduate from 

NAIVS. However, as displayed in Table 3, this supposed continuity was already broken by the 

2009-2010 round of vouchers, as there were 45 associated with households that received at least 

1 voucher in 2008-2009 but not 2009-2010. The reason for this is unclear, but may just be 

attributable to poor program management or declining interest from farmers. 
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Table 3: Voucher Continuity 
 Vouchers, 2009-2010 

Vouchers, 2008-2009 0 1 2 Total 
0 4077 479 44 4600 
1 41 127 2 170 
2 4 0 7 11 
Total 4122 606 53 4781 
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 One last misgiving about these voucher variables is that we do not know whether or not 

the farmers actually elected to redeem these vouchers and use the subsidized inputs or did 

something else with them. That data is only available for the vouchers distributed in the 2010-

2011 and 2011-2012 planting seasons, which is not useful for the sake of this analysis. This 

potential underutilization may bias results on voucher impacts toward a null effect, as opposed to 

only using households that redeemed and applied their vouchers. Therefore, the true effect of the 

vouchers may be stronger than what results may indicate 

 
Methods 

 There are two stages of analysis in this study. The first stage is the estimation of 

participating farmers’ production frontiers for specific crops given a vector of inputs. The second 

stage is an estimation of the determinants of the farmers’ technical efficiency using these inputs. 

Among these determinants are the key voucher variables which are included to capture the effect 

of learning or experimentation. Each of these stages will include both parametric and graphical 

analysis. The rest of this section will explain each stage in detail, starting with stage one.  

Stage One 

The first stage of analysis is characterized by a stochastic production frontier, the purpose 

of which is two-fold. Its first use is to generate a parameter representing farmers’ (in)efficiency 

in crop production. The determinants of this parameter, which include the voucher-related 

variables, are estimated in the second stage. Its second use is to determine the relative 

importance of various inputs in agricultural production for the sample. Given the literature, it 

would make little sense if voucher exposure increases yield of farmers by increasing their TE 

with inputs if neither inorganic fertilizer or improved seeds, the inputs subsidized by NAIVS, 

had notable impacts on production.  



K n o w l e s  | 19 

 

 Production functions are one of the pillars of microeconomics. These functions represent 

the maximum output that can be generated given a set of inputs and a given the level of 

technology available (Battese 1992). This maximum output is referred to as the “frontier” of 

production, or the most efficient use possible of the inputs with the technology. Inevitably, 

individuals fall short of the frontier of production given their suboptimal utilization of the 

available level of technology. This suboptimal utilization is referred to as technical inefficiency. 

Figure 2 gives an example the production frontier and levels of technical efficiency of several 

theoretical producers. The x-axis represents the quantity of a vector of inputs and the y-axis 

represents the quantity of output. The frontier is calculated according to equation (1) in which 

(1) 𝑦∗ = 𝐴(𝑋) 

y* is optimal output, A is the available technology, and x is the vector of inputs. Each cross 

represents a producer’s input-output value, all of which short of the frontier due to TI. The 

production function of each producer is given in equation (2). If we assume that A = 1 in (1), and 

that 0 ≤ TE ≤ 1,  

(2) 𝑦 = 𝑇𝐸(𝑋) 

(3) 𝑦∗ = 𝑋 

(4) 𝑦 = 𝑇𝐸(𝑦∗) 

(5) 𝑦

𝑦∗
= 𝑇𝐸 

then from equations (3) – (5), we see that TE is imputed by the ratio of a producer’s output to the 

frontier output for a given set of inputs. Therefore, TI can be thought of as the distance from a 

producer’s input-output value to the frontier, as expressed in equation (6). 

(6) 𝑇𝐼 = 1 − 𝑇𝐸(𝑋) 
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 This version of the production frontier model, first introduced in Farrell (1957), 

considered “deterministic” in that for a given vector of X, A, and TE, one will always receive the 

same y. This basic deterministic production frontier model was first specified by Aigner and Chu 

(1968) as equation (7) where Y is the output, X is a vector of inputs, β are the parameters on the 

inputs, U is a non-negative random variable that represents TI, and i is an index for an individual 

producer, for which N is the total 

(7) 𝑌𝑖 = 𝑓(𝑋𝑖;  𝛽) 𝑒𝑥𝑝(− 𝑈𝑖)     𝑖 = 1, 2, … , 𝑁 

number. Since exp(–Ui) represents the TE, it takes on a value of 0 ≤ exp(–Ui)  ≤ 1. As discussed 

in the general case above, in the deterministic model exp(–Ui) is obtained by finding the ratio of 

the observed output for an individual producers to the frontier output.  

 However, it was later proposed by Lovell & Schmidt (1977) and Meeusen & Vanden 

Broeck (1977) that a stochastic frontier may be more appropriate than a deterministic frontier 

when analyzing a farmer’s output and TE. Stochastic production frontiers are modeled very 

similarly to deterministic frontiers, save for the random error component Vi. This random error 

represents the changing conditions associated with production that cannot be attributed to inputs 

Source: Battese (1992) 

Figure 1 
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or a farmer’s application of technology. In an agricultural setting, Vi may represent weather 

conditions, crop blight, pests, etc.  Equation (8) gives the reduced form for the stochastic frontier 

used in this paper. It is worth noting that the measure of TE will be smaller in the stochastic 

model due to  

(8)  𝑌𝑖 = 𝑓(𝑋𝑖;  𝛽) 𝑒𝑥𝑝(𝑉𝑖 −  𝑈𝑖)     𝑖 = 1, 2, … , 𝑁 

the fact that what was formerly –Ui is now split up into Vi – Ui, making –Ui a fraction of the 

whole error. It is also worth noting that the random error Vi now has the potential to extend the 

production frontier past the deterministic frontier if Vi > 0 as well as retract the production 

frontier below the deterministic frontier if Vi < 0 for a given individual. The stochastic 

production frontier and this effect are shown visually in Figure 2. 

 

 

 

 This paper’s empirical model estimates the coefficients (β), TI (Ui), and random error 

(Vi) given data on crop yield and a vector of inputs through a stochastic production frontier 

model. The stochastic frontier model is similar to OLS in that it estimates the βs for the relevant 

input variables. However, it also provides a parameterized estimate for technical inefficiency. It 

Figure 2 

Source: Battese (1992) 
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does this by assuming that, within the error term, the distribution of Vi – N(0, σv
2) and the 

distribution of Ui – N+
(0, σu

2), as non-negative half-normal. As shown in Jondrow et al. (1982), 

these assumptions are used to generate a conditional distribution of Ui given the error term, 

which in turn is used to generate a point estimate of Ui. In this case, the frontier generated is 

calculated by the observed output of farmers in the study, not a theoretical maximum.  

The dependent variable in the stochastic frontier is yield/acre for at the crop level for 

maize, rice, or beans. Independent variables are a vector of inputs based upon the model the 

model in Goldman (2013), modified due to the constraints of the NAIVS household survey. 

These modified inputs include irrigation, type/quantity of seeds, quantity of organic fertilizer, 

type/quantity of inorganic fertilizer, herbicide, labor, and productive assets. Each input use is 

measured by a dummy variable where 1 indicates usage greater than 0 and 0 indicates no usage. 

Some inputs also include a continuous variable measuring the quantity of input applied. This is 

in order to differentiate between each input’s Extensive Marginal Productivity (the extra benefit 

to output from any use of input X) and Intensive Marginal Productivity (the extra benefit to 

output from an additional unit of input X). 

 

Stage Two 

 The second stage of analysis involves a regression that examines the various determinants 

of TI, estimated as the non-negative TI component of the error term from the stochastic frontier. 

A different TI component is generated for every specification of the stochastic frontier, and must 

be replaced in the second stage whenever the first stage is respecified. The independent variables 

include a vector of household characteristics that may relate to TI. These include household head 

characteristics, non-productive assets, and geographic location. They also include a set of 
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variables related to NAIVS. The base specification include a dummy for whether or not the 

household was eligible for a voucher in the 2011/2012 planting season in order to control for 

systematic differences in beneficiaries versus non-beneficiaries. The three key variables to this 

stage are those which represent the number of vouchers received by the household associated 

with each crop for the 2008-2009, 2009-2010, and 2010-2011 seasons. In a robustness check, the 

model also includes interaction terms between certain voucher year variables to see if there is a 

benefit to receiving vouchers in consecutive years past their individual benefits. The reduced 

form of the model is given in equation (9) in  

(9) 𝑇𝐼 = 𝑍𝑖; 𝛿𝑖 + 𝑆𝑖; ∝𝑖+ 𝑖     𝑖 = 1, 2, … , 𝑁 

which TI is technical inefficiency, zi is a vector of household characteristics with coefficients 𝛿𝑖, 

si is a vector of NAIVS properties with coefficients ∝𝑖, i is the crop index with N total 

observations, and 𝑖 is the error term. 

 One needs to be careful about interpreting the coefficients on the voucher year 

coefficients. Although this study is looking for a learning story, there is evidence for a possible 

endogeneity problem. Literature on the pilot round of NAIVS in 2007/08 suggests that 

individuals who were more connected to local political bodies and the voucher selection 

committee tended to receive vouchers at higher rates (Pan & Christiaensen 2011). This 

phenomenon is referred to as “elite capture.” If these groups are somehow systematically 

different in terms of farming ability than the intended target population, then the coefficients on 

the voucher variables could overestimate their effects on TI. Fortunately, The World Bank 

claims that once they became more involved in 2008/09, and rules for allocation were more 

firmly established within voucher committees, there was little sign of further elite capture (World 

Bank 2014). In order be certain of this, I add a number of variables that control for the social 
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groups and leadership positions of the head of each crop’s household. Unfortunately, the data for 

these variables was collected in the 2011/12 growing season, several years after the alleged elite 

capture. These remain valid assuming that there is a certain degree of inertia in membership and 

leadership in these types of associations.  

 

Results 

Part One 

 Table 4 contains the results for two specifications of stage one analysis, with maize 

yield/acre as the dependent variable. The first specification is with productive assets as 

continuous variables, taking into account the variation in asset quantity between households. The 

second specification is with assets as dummy variables. The third specification adds quadratic 

terms to account for non-linearities. The fourth specification adds interaction terms to test 

relationships between inputs mentioned in the literature. The fifth specification adds quadratics 

and interactions.  The top number is the variable coefficient on the variable and the number in 

parentheses is the standard error. 

Table 4: Stage One Results (Maize) 

Maize yield (kg/acre) (1) Cont. Assets (2) Dum. Assets (3) Quadratics (4) Int. Terms (5) Quad. & Int.  

Irrigation   

   

Irrigation use 
0.087 

(0.068) 
0.081 

(0.068) 
0.089 

(0.068) 
-0.126 
(0.962) 

0.008 
(0.261) 

Seeds      

Improved seed variety 
0.387†  

(0.0478)  
0.386†  
(0.048) 

0.385† 
(.048) 

0.409† 
(0.059) 

0.408† 
(0.059) 

ln(seed quantity) (kg/acre) 
0.416†  
(0.038)  

0.414† 
(0.038)  

0.415† 
(.038) 

0.415† 
(0.037) 

0.416† 
(0.038) 

Organic Fertilizer      

Organic fertilizer use 
-0.567***  

(0.172) 
-0.581*** 

(0.172) 
-0.563*** 

(0.096) 
-0.559*** 

(0.172) 
-0.542*** 

(0.172) 

ln(organic fertilizer quantity) (kg/acre) 
0.097*** 
 (0.034) 

0.098*** 
 (0.033) 

0.096*** 
(0.034) 

0.094*** 
(0.034) 

0.092*** 
(0.034) 
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Inorganic Fertilizer      

Applied inorganic fertilizer 
0.216  

(0.133) 
0.261** 
(0.132) 

0.098 
(0.256) 

0.500** 
(0.213) 

0.335 
(0.304) 

ln(inorganic fertilizer quantity) 
(kg/acre) 

0.061*  
(0.032) 

0.050 
(0.032) 

0.151 
(0.266) 

0.052* 
(0.032) 

0.147 
(0.135) 

ln(inorganic fertilizer quantity)2 
(kg/acre) --- --- 

-0.014 
(0.018) --- 

-0.013 
0.018 

Herbicide      

Applied herbicide 
-0.338  
(0.631) 

-0.450 
(0.628) 

-7.000** 
(3.176) 

-0.556 
(0.628) 

-7.026** 
(3.186) 

ln(herbicide quantity) (TSH/acre) 
0.053  

(0.070) 
0.065 

(0.348) 
1.614** 
(0.746) 

0.077 
(0.070) 

1.608** 
(0.748) 

ln(herbicide quantity)2 (TSH/acre) --- --- 
-0.090** 
(0.044) --- 

-0.089** 
(0.044) 

Interaction Terms      

Irrigation * Improved seed variety --- --- --- 
0.132 

(0.155) 
0.124 

(0.155) 

Irrigation * Applied inorganic fertilizer --- --- --- 
-0.259* 
(0.141) 

-0.256* 
(0.142) 

Improved seed variety * Applied 
inorganic fertilizer --- --- --- 

-0.122 
(0.101) 

-0.119 
(0.101) 

Labor      

ln(hours of man labor) 
0.014 

(0.017) 
0.020 

(0.017) 
0.020 

(0.016) 
0.021 

(0.016) 
0.021 

(0.017) 

ln(hours of woman labor) 
-0.012  
(0.021) 

-0.009 
(0.021) 

-0.008 
(0.021) 

-0.012 
(0.021) 

-0.011 
(0.021) 

ln(hours of child labor) 
-0.012  
(0.018)  

-0.004 
(0.018) 

-0.006 
(0.018) 

-0.004 
(0.018) 

-0.006 
(0.018) 

Productive Assets      

Wheelbarrows owned 
0.024  

(0.032) --- --- --- --- 

Hoes owned 
0.023** 
(0.009)  --- --- --- --- 

Times crops sprayed  
0.107** 
(0.049)  --- --- --- --- 

Ploughs owned 
0.132*** 
(0.044)  --- --- --- --- 

Weelbarrow dummy --- 
0.057 

(0.097) 
0.058 

(0.097) 
0.054 

(0.097) 
0.055 

(0.097) 

Hoes dummy --- 
0.086 

(0.108) 
0.089 

(0.107) 
0.087 

(0.108) 
0.091 

(0.107) 

Crop spraying dummy --- 
0.176** 
(0.084) 

0.168** 
(0.084) 

0.168** 
(0.084) 

0.161* 
(0.084) 

Plough dummy --- 
0.189*** 
(0.065) 

0.183*** 
(0.065) 

0.192*** 
(0.065) 

0.186*** 
(0.065) 

N 1805 1808 1808 1808 1808 

Significance Level: <0.1*, <0.05**, <0.01***, <0.001† 
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The coefficients from the frontier analysis are fairly in line with what one would expect, 

with some notable exceptions. The coefficient on the irrigation-use dummy is positive, though 

insignificant in all regressions except for (4). This is not surprising, as the effect of irrigation is 

accounted for in two other interaction terms later. Secondly, this use irrigation encompasses a 

wide variety of methods (canal, dugwell, tubewell, tank, and river), some of which are inevitably 

more efficient than others. There may be a positive effect for some of these independently, but 

grouped together they are insignificant. In theory one might discretize the effect by type of 

irrigation, but there are not enough individual positive observations to make this feasible. Lastly, 

maize requires irrigation less than many other crops, which decreases the effect.  

Next, the results in all specifications report highly significant, positive associations 

between maize yield and using improved varieties of seeds/greater quantity of seeds. All 

regressions also report a significant, negative association with the extensive measure of using 

organic fertilizer accompanied with a positive effect for every kg/acre applied. This may seem 

counterintuitive, but it makes sense when one considers that farmers who use organic fertilizer 

tend to do so because they do not use inorganic fertilizer. In fact, a brief regression of organic 

fertilizer use and inorganic fertilizer use shows that, on average, a 1% increase in the use of 

inorganic fertilizer on a crop is associated with a 0.23% decrease in the use of organic fertilizer, 

implying their substitutability. Since more productive farmers prefer inorganic fertilizer, farmers 

who tend to use organic fertilizer are generally less productive than those who use inorganic. 

This drives the negative coefficient on the dummy. 

The results for inorganic fertilizer are mixed, depending greatly on specification. All 

specifications give consistently positive coefficients for extensive and intensive use of the input 

though the magnitudes are erratic. The regressions including quadratic terms tend to have less 
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significant results, perhaps because the quadratics also capture some of the variation due to that 

input. The quadratic coefficients are consistently negative, implying a tendency toward 

diminishing returns. The coefficients on herbicide use are only significant in the regressions that 

include quadratics. This could be because there is a very strong diminishment in returns 

associated with using herbicide, which is exactly what specifications (3) and (5) indicate. The 

large, negative coefficients on the extensive measure of herbicide use may have to do with how 

almost every herbicide user used a substantial quantity of the input, as shown in Chart 5. 

Therefore, the negative effect from the dummy variable would be more than compensated for by 

the positive effect from the intensive measure of the input.  

All of the labor inputs are very insignificant, which is an interesting result. This can be 

attributed partly to the fact that agriculture Sub-Saharan Africa tends to be relatively labor 

abundant2. The relatively low wage paid to hired farm labor provides evidence of the glut in 

labor supply. Second, there is a limit to the usefulness of labor over a certain area of land. 

Oftentimes, there is a sharp diminishing return to hiring an additional unit of labor. Lastly, it 

appears as though neither of the coefficients on owning wheelbarrows are statistically 

significant. The coefficient on owning hoes is statistically significant, but only in the continuous 

version of the variable. Since almost every household owns at least one hoe, this is not 

surprising. The coefficients on spraying crops and owning ploughs are positive and significant as 

well. 

 

Part Two 

Each stochastic frontier from part one generates a parameterized estimation of the 

technical inefficiency included in the work done on each crop. This parameter takes different 
                                                           
2
 http://blogs.worldbank.org/africacan/poverty-sub-saharan-africa-historical-perspective-land-and-labor 
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values for different specifications of the frontier model, so the five different estimations are 

saved and renamed according to their respective frontiers. The distributions of TI are similar 

across all specifications, so Chart 7 only shows the distribution from specification (5) from part 

one as an example. The distributions are naturally bound at 0 and have a heavy skew to the right. 

This skew is not of concern because the bound at 0 prevents a similar thing from happening to 

the left.  

 

 These parameters of TI are set as the dependent variables in two OLS regressions per 

variable. Table 5 contains the abbreviated results for these regressions, featuring the results for 

the NAIVS-related coefficients. The full results are found in Table 5a in the appendix. 

Specification (1) is with the TI generated from the stochastic frontier using continuous assets and 

without NAIVS interactions terms. Specification (2) adds interactions terms. Specifications (3) 

and (4) follow the same pattern, but using the TI generated from the frontier using non-
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continuous assets. Many of these coefficients are insignificant, and some having surprising 

directionality. The quantities of inputs received via vouchers are important inputs because they 

separated usage of the input itself from whatever other benefit may be accrued to the farmer 

through receiving a voucher. Additionally, as mentioned in the methods section, the series 

variable regarding group membership are meant to try to control for levels of social 

connectedness, which may have influenced the voucher year coefficients if receiving a voucher 

was endogenous to skill at farming (which most elites probably are). Most important, of course, 

are the coefficients on the voucher year variables.  

Table 5: Stage Two Results (Maize), Abbreviated 
ln(technical inefficiency) (1) Cont. (2) Dummy (3) Quad. (4) Int. (5) Quad. & Int. 

NAIVS eligible 2011/12 
0.026 

(0.041) 
0.034 

(0.041) 
0.032 

(0.041) 
0.036 

(0.041) 
0.033 

(0.042) 

Received voucher 2008/09 
-0.341** 
(0.142) 

-0.336** 
(0.143) 

-0.337** 
(0.143) 

-0.344** 
(0.145) 

-0.345** 
(0.145) 

Received voucher 2009/10 
-0.101** 
(0.051) 

-0.100* 
(0.051) 

-0.096* 
(0.051) 

-0.101** 
(0.052) 

-0.098* 
(0.052) 

Received voucher 2010/11 
0.021 

(0.037) 
0.012 

(0.037) 
0.010 

(0.037) 
0.015 

(0.037) 
0.012 

(0.038) 

2008/09 * 2009/10 
0.195 

(0.138) 
0.192 

(0.139) 
0.189 

(0.139) 
0.193 

(0.140) 
0.190 

(0.141) 

2009/09*2009/10*2010/11 
-0.052 
(0.165) 

-0.060 
(0.166) 

-0.061 
(0.166) 

-0.063 
(0.167) 

-0.064 
(0.168) 

NAIVS seeds used 
0.000 

(0.002) 
0.000 

(0.002) 
0.000 

(0.002) 
-0.001 
(0.002) 

0.000 
(0.002) 

NAIVS basal used 
0.001 

(0.001) 
0.001 

(0.001) 
0.001 

(0.001) 
0.001 

(0.001) 
0.001 

(0.001) 

NAIVS urea used 
-0.002* 
(0.001) 

-0.002* 
(0.001) 

-0.002* 
(0.001) 

-0.002* 
(0.001) 

-0.002* 
(0.001) 

R2 0.106 0.111 0.111 0.112 0.112 

N 1709 1711 1711 1711 1711 

Significance Level: <0.1*, <0.05**, <0.01***, <0.001† 
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Results seem to confirm this study’s hypothesis. Receiving an additional voucher in the 

2008/09 season is associated, on average, with approximately a 34% decrease in TI, ceteris 

paribus. This result is robust and holds across specifications. Receiving a voucher in the 2009/10 

season, though somewhat less significant, is associated, on average, with approximately a 10% 

decrease in TI, ceteris paribus. This is also robust across specifications. Lastly, receiving a 

voucher in the 2010/11 season yields slightly positive coefficients across specifications. This 

indicates a tendency to increase TI. However, they are all statistically insignificant and small in 

magnitude.  

 These coefficients and significance levels tell an interesting story. It makes sense from a 

learning perspective that receiving vouchers earlier is associated with greater efficiency gains in 

the present because the farmers would have had longer periods of time to learn how to use 

improved inputs more effectively. In the subsequent year, the coefficient decreases while staying 

negative and the significance level drops to marginal levels.  It is possible that farmers who 

received a voucher for the first time only one year before the survey measures yields are still 

learning how to use improved inputs efficiently, though some farmers are progressing at faster 

rate than others. These factors would generate the results above. Lastly, receiving a voucher in 

2010/11 yields similarly results to receiving a voucher in the previous year, but instead with a 

slightly positive coefficient. This change in sign could be due to the fact that the program targets 

households who have limited experience with improved inputs before NAIVS. Since this is many 

of their first times receiving a voucher, they have yet to learn from experience with the inputs. 

This would naturally result in a positive coefficient, albeit insignificant. 

It was a possibility that there is an extra effect accrued to farmers from receiving 

vouchers in consecutive years. To account for this effect, two interactions terms are added: one 
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for receiving the first two vouchers consecutively and one for receiving all three consecutively. 

The coefficients on these variables are statistically insignificant across the board. In the absence 

of any other compelling explanations for the association of these voucher variables with 

increased TE, and given the pattern in coefficient sign, magnitude, and significance, one may 

attribute the results to a learning effect on farmers.  

As discussed in the methods section, there remains the potential problem of endogeneity 

in these results. Perhaps the groups that received vouchers in 2008/09 and 2009/10 are 

systematically different than other farmers. In this case, the estimations for the coefficients on 

the voucher variables would be biased. Although World Bank (2014) claims that this should not 

have been issue, several variables controlling for households affiliations with various groups 

were added to stage two regressions as proxies for connectedness. Results in Table 5a indicate 

that being in a political party and a women’s group tend to reduce TI and are highly significant. 

Therefore, the model succeeds in controlling for some sort of effect that would result from being 

connected to certain organizations. This, combined with the World Bank’s words of reassurance, 

indicate that this potential endogeneity problem should influence the results. 

 

Conclusion 

 Part of the goal of the NAIVS program was to increase exposure of Tanzanian farmers to 

improved inputs. One part of this goal was to encourage them to continue to purchase improved 

inputs after being exposed to them. However, another potentially overlooked aspect  of NAIVS 

is the benefit to technical efficiency that may result from participating. By subsidizing a bundle 

of improved inputs, NAIVS allowed a large number of farmers to experiment with improved 

seeds and inorganic fertilizer, something they might not have done otherwise. Improved inputs 
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generate gains in yield in and of themselves, but also require a certain degree of skill to use 

effectively.  This study goal was to discern whether or not exposure to the NAIVS program in 

previous years increased farmers’ TE in the 2010/11 planting season. Tentative results indicate 

this to have been the case. Receiving a voucher in 2008/09 is associated with the biggest increase 

in technical efficiency among the three voucher variables. Receiving a voucher in 2009/10 is also 

associated with an increase in technical efficiency, but to a lesser degree and less consistently 

within the sample. Lastly, receiving a voucher in the 2010/11 planting season has a statistically 

insignificant effect on technical efficiency, though this makes sense given the timing. 

 Although these effects may be endogenous to some other latent variable, many of the 

possibilities are already controlled and it may be safe to infer a learning story as an explanation 

for the results. In terms of policy implications, these results argue for the usefulness of input 

subsidy programs. Though they have been looked upon with recent skepticism, input subsidy 

programs may be an effective model for increasing the technical efficiency of farmers when it 

comes to using improved inputs. Since it is documented that one of the biggest limiting factors to 

increasing agricultural productivity in Sub-Saharan Africa is the inconsistent use of improved 

inputs, these programs may be a step in the right direction to increase usage. 
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Appendix 

Education Codes:  
0=No education 
1=Pre-school 
2=Standard 1 
3=Standard 2 
4=Standard 3 
5=Standard 4 
6=Standard 5 
7=Standard 6 
8=Standard 7 
9=Standard 8 
10=course after primary education 
11=Form I 
12=Form II 
13=Form III 
14=Form IV 
15=course after secondary education 
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16=Form V 
17=Form VI 
18=Course after Form VI 
19=Diploma course 
20=Other certificate 
21=Some but not finished university 
22=Completed University Degree 
 

Table 5a: Stage Two Results (Maize), Extended 

ln(technical inefficiency) (1) Cont. Assets (2) Dum. Assets (3) Quadratics (4) Interactions (5) Quad. & Int. 

HH head female 
-0.013 
(0.038)  

-0.009 
(0.038) 

-0.011 
(0.038) 

-0.009 
(0.038) 

-0.011 
(0.039) 

Age of HH head 
0.001 

(0.001) 
0.001 

(0.001) 
0.001 

(0.001) 
0.001 

(0.001) 
0.001 

(0.001) 

Education of HH head 
-0.006  
(0.005) 

-0.007 
(0.005) 

-0.007 
(0.005) 

-0.007 
(0.005) 

-0.008 
(0.005) 

DAP knowledge 
-0.020 
(0.051) 

-0.025 
(0.051) 

-0.028 
(0.051) 

-0.025 
(0.052) 

-0.027 
(0.052) 

MRP knowledge 
-0.123** 
(0.049) 

-0.113** 
(0.050) 

-0.110** 
(0.050) 

-0.117** 
(0.051) 

-0.114** 
(0.051) 

Urea knowledge 
-0.018 
(0.053) 

-0.021 
(0.053) 

-0.020 
(0.053) 

-0.019 
(0.054) 

-0.018 
(0.054) 

Received marketing advice 
-0.106 
(0.075) 

-0.126* 
(0.075) 

-0.135* 
(0.075) 

-0.120** 
(0.076) 

-0.129* 
(0.076) 

Received agronomic advice 
-0.161** 
(0.076) 

-0.170** 
(0.077) 

-0.167** 
(0.077) 

-0.170** 
(0.077) 

-0.167** 
(0.077) 

Received new seed advice 
0.035 

(0.080) 
0.034 

(0.080) 
0.034 

(0.080) 
0.031 

(0.081) 
0.030 

(0.081) 

Received fertilizer advice 
0.104 

(0.066) 
0.125* 
(0.066) 

0.129* 
(0.067) 

0.126* 
(0.067) 

0.130* 
(0.067) 

Received irrigation advice 
-0.052 
(0.085) 

-0.051 
(0.086) 

-0.065 
(0.086) 

-0.056 
(0.087) 

-0.069 
(0.087) 

Received other advice 
-0.202 
(0.174) 

-0.226 
(0.175) 

-0.227 
(0.175) 

-0.233 
(0.177) 

-0.234 
(0.177) 

Political party 
-0.206*** 

(0.077) 
-0.217*** 

(0.077) 
-0.213*** 

(0.078) 
-0.221*** 

(0.078) 
-0.217*** 

(0.078) 

Political party leader 
0.202  

(0.174) 
0.211 

(0.175) 
0.214 

(0.176) 
0.213 

(0.177) 
0.216 

(0.177) 

Credit group 
-0.046 
(0.053) 

-0.045 
(0.053) 

-0.045 
(0.053) 

-0.042 
(0.054) 

-0.041 
(0.054) 

Credit group leader 
0.087 

(0.098) 
0.081 

(0.098) 
0.059 

(0.099) 
0.093 

(0.099) 
0.072 

(0.100) 

Farmer group 
-0.060 
(0.071) 

-0.060 
(0.074) 

-0.055 
(0.074) 

-0.061 
(0.074) 

-0.056 
(0.074) 

Farmer group leader 
0.233 

(0.154) 
0.232 

(0.155) 
0.223 

(0.156) 
0.232 

(0.157) 
0.223 

(0.157) 

Crop bank 
0.777 

(0.671)  
0.737 

(0.675) 
0.636 

(0.676) 
0.753 

(0.681) 
0.653 

(0.683) 

Women’s group 
-0.158** 
(0.078) 

-0.163** 
(0.079) 

-0.159** 
(0.079) 

-0.162** 
(0.080) 

-0.158** 
(0.080) 

Women’s group leader 
0.515*** 
(0.161) 

0.508*** 
(0.162) 

0.514*** 
(0.162) 

0.519*** 
(0.163) 

0.525*** 
(0.164) 
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Owns plot 
0.169*** 
(0.054) 

0.167*** 
(0.054) 

0.166*** 
(0.054) 

0.167*** 
(0.055) 

0.166*** 
(0.055) 

Owns radio 
-0.093*** 

(0.031) 
-0.100*** 

(0.031) 
-0.104*** 

(0.031) 
-0.098*** 

(0.032) 
-0.101*** 

(0.032) 

Owns mobile phone 
0.011 

(0.008) 
0.011 

(0.008) 
0.011 

(0.008) 
0.011 

(0.008) 
0.011 

(0.008) 

ln(savings) 
-0.015† 
(0.004) 

-0.015† 
(0.004) 

-0.015† 
(0.004) 

-0.015† 
(0.004) 

-0.015† 
(0.004) 

Credit 
0.072* 
(0.047) 

0.074 
(0.048) 

0.072 
(0.048) 

0.069* 
(0.048) 

0.067 
(0.048) 

Iringa 
-0.294† 
(0.072) 

-0.296† 
(0.072) 

-0.295† 
(0.073) 

-0.298† 
(0.073) 

-0.297† 
(0.073) 

Kigoma 
-0.094 
(0.073) 

-0.092 
(0.073) 

-0.089 
(0.073) 

-0.088 
(0.073) 

-0.085 
(0.073) 

Kilimanjaro 
-0.020 
(0.072) 

-0.029 
(0.073) 

-0.025 
(0.073) 

-0.029 
(0.073) 

-0.025 
(0.074) 

Mbeya 
-0.132* 
(0.072) 

-0.147** 
(0.073) 

-0.149** 
(0.073) 

-0.146** 
(0.074) 

-0.148** 
(0.074) 

Morogoro 
-0.095 
(0.081) 

-0.109 
(0.082) 

-0.112 
(0.082) 

-0.113 
(0.082) 

-0.116 
(0.083) 

Rukwa 
-0.150** 
(0.074) 

-0.166** 
(0.074) 

-0.170** 
(0.075) 

-0.166** 
(0.075) 

-0.170** 
(0.075) 

Ruvuma 
0.118* 
(0.074) 

0.095 
(0.075) 

0.089 
(0.075) 

0.099 
(0.076) 

0.093 
(0.076) 

NAIVS eligible 2011/12 
0.026 

(0.041) 
0.034 

(0.041) 
0.032 

(0.041) 
0.036 

(0.041) 
0.033 

(0.042) 

Received voucher 2008/09 
-0.341** 
(0.142) 

-0.336** 
(0.143) 

-0.337** 
(0.143) 

-0.344** 
(0.145) 

-0.345** 
(0.145) 

Received voucher 2009/10 
-0.101** 
(0.051) 

-0.100* 
(0.051) 

-0.096* 
(0.051) 

-0.101** 
(0.052) 

-0.098* 
(0.052) 

Received voucher 2010/11 
0.021 

(0.037) 
0.012 

(0.037) 
0.010 

(0.037) 
0.015 

(0.037) 
0.012 

(0.038) 

2008/09 * 2009/10 
0.195 

(0.138) 
0.192 

(0.139) 
0.189 

(0.139) 
0.193 

(0.140) 
0.190 

(0.141) 

2009/09*2009/10*2010/11 
-0.052 
(0.165) 

-0.060 
(0.166) 

-0.061 
(0.166) 

-0.063 
(0.167) 

-0.064 
(0.168) 

NAIVS seeds used 
0.000 

(0.002) 
0.000 

(0.002) 
0.000 

(0.002) 
-0.001 
(0.002) 

0.000 
(0.002) 

NAIVS basal used 
0.001 

(0.001) 
0.001 

(0.001) 
0.001 

(0.001) 
0.001 

(0.001) 
0.001 

(0.001) 

NAIVS urea used 
-0.002* 
(0.001) 

-0.002* 
(0.001) 

-0.002* 
(0.001) 

-0.002* 
(0.001) 

-0.002* 
(0.001) 

R2 0.106 0.111 0.111 0.112 0.112 

N 1709 1711 1711 1711 1711 

Significance Level: <0.1*, <0.05**, <0.01***, <0.001† 

 

 


