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ABSTRACT  Statistics describe realities, but they also shape them, since they are used to design or support
policies. As such accurate statistics are important. Using the agricultural sector in Rwanda as a case study, we
demonstrate that dubious statistics can spread quickly. According to data from the Food and Agricultural
Organization (FAO), yields have increased by 60 per cent since the implementation of large scale agricultural
reforms, while other datasets point towards more modest gains. Yet, estimates in line with those of the FAO
dominate the official discourse. We suggest that the discrepancies between datasets may be explained by the
difficulties of collecting accurate agricultural statistics combined with an incentive to overestimate yields to show
that the reforms have worked.

1. Introduction

Do statistics describe realities or do they create them? These contrasting views are a recurrent theme in
social sciences and public debates. On the one hand, data and statistics are considered to be objective
observation of facts (Kuhn, 1961; Reiss, 2013). On the other hand, it is recognised that data and
statistics are ‘man-made’ and as such, can be based on questionable assumptions, are shaped by the
context in which they were generated and are prone to manipulation. This latter idea was aptly
summarised by the Scottish poet Andrew Lang (1844-1912): ‘some people use statistics like a
drunk uses lamp-posts, more for support than illumination’, a quote that was recently repeated by
Romani Prodi, a former president of the European Commission (Carletto, Jolliffe, & Banerjee, 2013).
In his main work, French historian of statistics and sociologist, Desrosicres (2002/1993), elaborates on
these contrasting views. He refers to the double role of statistics as being both a social fact and
referring to social facts. He argues that statistics and the context which shapes them are intimately
linked. This perspective is shared by contemporary researchers in philosophy of science and economic
history (Jerven, 2014a; Jerven & Johnston, 2015; Mensink, 2012; Morgan, 2001). In sum, statistics,
independent of their evidence base, can become a reality in themselves.

Because statistics describe realities and, at the same time, shape realities there have been confusions
and debates about ‘truth’ in many settings. Regions with limited capacity to assemble good quality
data are arguably more vulnerable to the dissemination of biased statistics. Similarly, if collecting
accurate data is challenging for technical reasons, the statistics that enter the public arena are more
likely to be misleading and possibly biased. Agricultural statistics in sub-Saharan Africa are a case in
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point. Although widely recognised to be of poor quality, they continue to shape policy debates and
rural policies (Jerven, 2013; Mosley, 1992; Whitfield, 2012).

This paper shows that the lack of reliable agricultural data contributes to the risk of dubious
statistics becoming part of reality. We illustrate this point by using the reporting on agricultural
reforms in Rwanda as a case study. We used several datasets to compare agricultural yields in
Rwanda before and after the implementation of the Crop Intensification Program (CIP) in 2007—
2008. This programme is part of a wider set of policies implemented by the government of Rwanda
(GoR) which aims to launch a green revolution. The main objective of the programme was, and
continues to be, an increase in yields and food production.

The reforms were considered a great success by the government. Official documents and newspaper
articles reported substantial improvements in yields of staple crops (Altazin, 2014; Kalibata & Roy, 2015).
Moreover, a regional economic outlook produced by the IMF states ‘as a result [of CIP], yields have
increased significantly, from being among the lowest to among the highest in Sub-Saharan Africa’ (p. 50).
This statement includes a figure that shows an increase in cereal yields from slightly below 1000 kg/ha in
2007 to 2000 kg/ha in 2011 (IMF, 2013a). A World Bank report on Rwanda is equally confident about
robust growth in its agricultural sector. It asserts that ‘...between 2006 and 2011, the food outturn
increased by 9.8 per cent [per annum], almost double of the 5.4 per cent between 2001 and 2006° (World
Bank, 2013, p. 61) and attributes the acceleration in growth rates to the CIP. Yet, both reports fail to
discuss the data and methodology behind the numbers. We attempted to replicate their findings.

As we will show in this paper, the increase in yields since the implementation of the
agricultural reforms depends on the dataset used to evaluate it: it ranges from an impressive
60 per cent to a modest 10 per cent increase. We argue that it is not possible to make strong
statements about the success or failure of the reforms in increasing yields. The problem is not a
lack of data availability — the GoR undertook significant and laudable efforts to make their
datasets publicly available — but rather that different data sources contradict each other and there
is no way of telling which dataset is more reliable. Yet, it is only the figures that show the
largest increase of yields that have been taken up in official discourses as illustrated above.
Statistics may thus partially have created their own ‘reality’.

It is important to note from the outset that this paper does not aim to evaluate the agricultural
reforms in Rwanda. Such an evaluation requires a more comprehensive approach — in which an
increase in yields and food production is only one aspect. Furthermore, this study does not have a
counterfactual design. In other words, we do not know how yields would have evolved without the
Crop Intensification Program. We do, however, occasionally refer to the ‘impact of the agricultural
reforms’ when we simply compare yields before and after the implementation of the reforms since this
terminology is also used in the official discourse. In no way do we claim to observe the causal impact
of the reforms on yields. Rather than evaluating the reforms in Rwanda, this study focuses on the (lack
of) quality of agricultural statistics and the risk of using them to support controversial policies. The
case of Rwanda is used to demonstrate that this is a real threat.

This paper contributes to the small but growing literature about data quality in sub-Saharan Africa
(Beegle, De Weerdt, Friedman, & Gibson, 2012b; Jerven, 2014a; Jerven & Johnston, 2015). As
elsewhere in the literature, we demonstrate that, besides data availability, data quality is a serious
concern. Most of the literature has focused on the unreliable measurement of GDP (Jerven, 2013,
2014a). We will focus on the agricultural sector, one of the key sectors in developing countries, where
data limitations are likely to be even more severe than for other sectors (Carletto, Jolliffe, & Banerjee,
2015). Bookkeeping in the agricultural sector is uncommon because of the subsistence nature of
production, while the unique mixed cropping systems pose a challenge to accurately measuring
production. We will argue that the difficulties in data collection combined with political incentives
to over-estimate production figures may explain the discrepancies in yields between different datasets.

The paper is structured as followsiInthe next section, we briefly describe recent agricultural
reforms in Rwanda. We then present in detail the different datasets we draw upon in this study. Next,
we outline our methodology and define the notion of overall yields, our preferred indicator of
successful agrarian transformation. In'the results section, we estimate overall yields from every dataset,
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followed by comparing the levels and trends of estimated yields from different datasets. In the
discussion, we explore two potential explanations for the discrepancies between datasets: the chal-
lenges related to collecting agricultural statistics and the political economy of statistics. We conclude
by formulating policy implications for Rwanda as well as for the broader community involved in
collecting, processing and analysing agricultural data.

2. Agricultural Policy in Rwanda

After the 1994 genocide in Rwanda, a technocratic government took power, which quickly restored
relative stability and achieved rapid institutional reconstruction (Reyntjens, 2004). Moreover, it easily
managed to attract development aid and Rwanda became one of the donor darlings in the region
(Marysse, Ansoms, & Cassimon, 2007). This effort led to a rapid recovery and economic growth
averaging 8 per cent in the last decade (Ansoms & Rostagno, 2012). Today, GDP per capita at PPP
equals $1486 (IMF, 2013D).

Rwanda is an agriculture-based economy, and the agricultural sector employs more than 80
per cent of the population, accounts for 39 per cent of GDP and is the main earner of foreign
exchange. Coffee and, to a lesser extent, tea and sugar cane are the main export products, with
coffee accounting for 50 per cent of foreign earnings (GoR, 2009, 2012a). However, the high
population density, more than 300 inhabitants/km®, has posed significant challenges to the
agricultural sector for many decades (André & Platteau, 1998; Verwimp, 2013). Competition
for land is fierce and the average landholding per household is 0.76 ha, which is often dispersed
with most households cultivating approximately four different plots. A quarter of households
own less than 0.20 ha of land (GoR, 2010). Soil erosion poses additional and significant threats
to soil fertility and undermines the already low levels of agricultural productivity. At the same
time, few households have access to fertilisers or improved seeds.

Faced with these challenges, the government of Rwanda (GoR) set out the main priorities for
the country’s economic development in its ambitious Vision 2020 document. This aims at
transforming Rwanda into a middle-income country and shifting away from an agrarian to a
knowledge based society by 2020. The development of a market-oriented agricultural sector was
one of the main pillars of the Vision 2020 document, which stated that annual growth rates of
4.5-5 per cent in the agricultural sector were essential to overcome poverty (GoR, 2000).

Subsequent official government reports further elaborated on the new agricultural proposals,
culminating in the ‘organic law determining the use and management of land in Rwanda’ signed in
2005 (GoR, 2005). This law encouraged land consolidation with the aim of exploiting increasing
returns to scale. For instance, it stipulated that a plot smaller than one hectare cannot be subdivided
(GoR, 2005; Pottier, 2006). Moreover, it resumed a process of ‘villagisation’. Initially, this policy
forced households to abandon and demolish their houses if those houses were situated in areas
devoted to agriculture and to rebuild them in the village (Pritchard, 2013). After internal and external
protest, the policy was relaxed and nowadays only new houses need to be built within designated
areas (Ansoms & Hilhorst, 2014). In addition, the law launched the land tenure regularisation
programme that aimed to formally register the land of smallholder farmers to reinforce tenure security
(Ali et al., 2014).

The Crop Intensification Program (CIP) was one of the flagship initiatives (GoR, 2015a). It aimed to
increase productivity by increasing access to improved seeds and fertilisers to smallholder farmers.
Additionally, the GoR selected priority crops and designated areas where those crops should be
planted based on the agro-ecological conditions of the area. The underlying rationale is that specialisa-
tion, instead of mixed cropping systems, will increase yields, boost exports and facilitate mechanisa-
tion in the long term. Hence, farmers were encouraged to plant the same crops as their neighbours
within a given area (GoR, 2012c).
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3. Data and Methods
3.1. Data

The analyses are based on four datasets. All the datasets contain information about agricultural
production, cropped area and yields during different periods from 2005 to 2013 in Rwanda, but differ
considerably with regards to the purpose as well as the method of data collection. It is important to
note that we have data from before and after the implementation of the agricultural reforms in 2007—
2008 in Rwanda.

We grouped the datasets in three categories according to the methodology used: yearly estimates
disseminated by the Food and Agricultural Organization (FAO), household surveys and agricultural
surveys (Table 1).

The first group of datasets consists of yearly estimates of yields and cropped area of all major crops
provided by FAOSTAT. These statistics are collected by FAO from national statistical offices and
ministries of agriculture and disseminated through FAO’s website. Data is available for most devel-
oping countries, including Rwanda, since 1961. The FAO has no mandate to check the reliability of
the figures, but simply disseminates the official national statistics (FAO, 2012, 2014). Hence, it would
be more correct to refer to this data as ‘statistics from the Ministry of Agriculture of Rwanda’.
However as it is common practice to refer to them as ‘FAO statistics’ we will also do so in the
remainder of this paper. It should nevertheless be kept in mind that if FAO statistics are unreliable it is
because the national ministries reported wrong numbers. It was confirmed by the FAO that data from
Rwanda are official government data and are not based on estimates of FAO staff.

The second group of datasets are household surveys. Household surveys follow a pre-defined
sample design and collect information through door-to-door interviews. They form the backbone of
statistical information in developing countries. We used two representative household surveys, known
by their French acronym EICV,' which are conducted every five years by the National Institute of
Statistics of Rwanda to monitor poverty and living conditions (GoR, 2012b). They include a section
on agricultural production and land. Both these key variables are based on recall by the household
head. The micro data are freely available from its website. EICV 2 commenced in October 2005 and

Table 1. Overview of the different datasets

Three
methodologies Four datasets Period Collected by Purpose Sample size
Yearly estimates FAOSTAT/ Yearly since FAO in Global statistics to  Time series of
Ministry of 1961 collaboration monitor all major
Agriculture with national worldwide trends  crops
statistical offices
and ministries of
agriculture
Household EICV 2 October National Institute ~ Monitoring poverty 6900
surveys (Enquéte 2005-2006 of Statistics in and living (2225 valid
Intégrale sur Rwanda (NISR) conditions observations)
les conditions
de vie)
EICV 3 October National Institute =~ Monitoring poverty 14,308
(Enquéte 2010-2011 of Statistics in and living (8878 valid
Intégrale sur Rwanda (NISR) conditions observations)
les conditions
de vie)
Agricultural Agricultural November National Institute ~ Comprehensive >15,000
survey survey 2012— of Statistics in agricultural (no
Rwanda September Rwanda (NISR) statistics for microdata
2013 planning; available)

compilation of
national accounts
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continued till October 2006. The survey included 6900 households and followed a stratified cluster
design (GoR, 2006). After removing households living in urban areas or with incomplete information
on land or agricultural production, only 2225 observations remained. EICV 3 (October 2010 to
October 2011) used a similar methodology and questionnaire as EICV 2, but the sample was much
larger and representative at the district level. The survey contained 14,308 households of which we
kept 8878 observations for further analysis (GoR, 2012a, b, d). In Online Appendix A, we discuss in
detail the criteria used to discard observations in the datasets. Moreover, we provide evidence that the
household characteristics of discarded households do not differ substantially from the included house-
holds, although they do differ with regards to their farm size. We argue that missing information on
food production occurred randomly and that there is no reason to assume that we discarded or included
households with the lowest or highest yields.

The third group of datasets are the agricultural surveys. Agricultural surveys are set up to gather
detailed data about agricultural production, land use and yields. In contrast to household surveys, they
are more concerned with estimating total production than with household characteristics. This trans-
lates into a different sampling design which randomly sampled fields instead of farmers. As agricul-
tural surveys focus on agriculture, much attention is paid to carefully measuring production and land.
An agricultural survey was conducted by the National Institute of Statistics of Rwanda from
November 2012 to November 2013. More than 15,000 farmers were interviewed during the three
agricultural seasons. As the micro data from this survey are not publicly available, we relied upon the
numbers reported in the main report of the survey (GoR, 2013).

3.2. Methods

As mentioned earlier, datasets were classified in three categories according to the methodology used
(FAOSTAT statistics, household surveys and agricultural surveys). Each category relied upon different
approaches to estimate agricultural production, cropped area and yields.

If we want to assess the increase in yields since the agricultural reforms of 2007-2008, it is
sufficient to study the trends in yields over time using a similar category of data. This is possible
with data from FAOSTAT and the household surveys, for which we have data before and after the
implementation of the reforms. It is not possible to examine trends in yields from the agricultural
survey as we only have information for one point in time. However, we also want to compare levels of
yields across datasets. Comparing levels is more troublesome than trends because it requires a certain
degree of equivalence between the datasets. In other words, we assume that, notwithstanding the vastly
different methodologies, the datasets measure the same underlying concept related to food production
and yields. Only if this assumption holds can the levels of estimated yields be compared between
different categories of datasets (Przeworski & Teune, 1966).

To compare levels and trends of yields, we need an indicator that summarises this information from
the raw data. Our preferred indicator is ‘overall yields’, defined as total food production converted into
its energy content per hectare. To get a familiar expression of yields, that is in kg/ha, we divided by the
calorific content of beans, one of the main staple crops in Rwanda.” There are three equivalent
approaches to define overall yields that correspond to the three categories of datasets defined earlier.
They are formally presented by the following equations:

L A4
ol A ield, (1; FAOSTAT)

Overall yields = Z,f \oal y
= beans T

14 cal;  production;
= Median; v 2;H hold
e zan_,[g Dy * e } (2; Household surveys)
4 l,' .
= E ! - * share; * yield; seqsonp (3; Agricultural survey)

= .
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First, overall yields can be defined as a weighted sum of crop-specific yields (yield;), weighted
according to the energy content of crop i (cal;) relative to beans (calpeq,) and the share of the crop in
the total cropped area (j—r) This is the definition used to analyse the data from FAOSTAT which

reports on crop-specific yields and cropped area.

Household surveys estimate total harvest by crop as well as the total landholdings of every
household. They do not estimate the share of land devoted to each crop because mixed cropping
systems make this very cumbersome. The overall yield of a household, j, is then defined as total
aggregate production (production;;) expressed in its energy content and divided by landholdings of the
household (47;). As every farmer is unique, this calculation gives us a distribution of overall yields.
This distribution is interesting by itself and will be discussed in depth. Overall yields at the national
level are then defined as the median value of the distribution of yields. We opted for the median
instead of the mean value of this distribution as a proxy of overall yields because the median is less
susceptible to outliers than the mean.

The third equation is used to calculate yields based on data from the agricultural survey. This survey
estimates crop-specific yields in every season and the share of land devoted to every crop (share;). We
defined overall yields as a weighted average of crop-specific yields in season B (March to July),
because this season contributes the most to total annual food production.

To ensure comparability of overall yields between datasets, we selected 14 food crops that were
included in all the datasets. This selection included cereals (maize, millet, sorghum, rice, taro and
wheat), roots and tubers (cassava, potatoes and sweet potatoes), pulses (beans, peanuts, peas and
soybeans) and banana/plantains. According to FAOSTAT, these crops accounted for more than 80 per
cent of the total cropped area in Rwanda in 2013. Cash crops, for example, coffee and tea, were not
included in the analysis because we focused on food crops and because these were not included in the
agricultural survey.

It is important to point out a subtle, yet important, difference in the interpretation of overall yields
depending on the definition of ‘land’ area. We can use two definitions of land: arable land or
harvested land. Arable land is defined as total land cultivated during an agricultural year. Total
harvested land measures the total land area that has been harvested during a year. Hence, land that
is harvested twice a year will be counted twice according to the definition of fotal harvested area, but
will only be counted once according to the definition of arable land. The distinction between total
arable land and total harvested area is important, because there are three cropping seasons during the
agricultural year in Rwanda. The same plot of land is frequently harvested more than once a year.
Hence, the total harvested area is greater than the fotal arable land. FAOSTAT and the agricultural
survey reports the fotal harvested area of every crop. The household surveys, on the other hand, report
total landholdings and, hence, fotal arable land. As a result, the household surveys may, if anything,
overestimate overall yields. This subtle difference in the definition of land is one example why caution
is warranted when comparing estimates of overall yields between different categories of datasets.

Overall yields are a fairly good instrument to evaluate the impact of agricultural reforms for three
reasons. First, all stakeholders agree that increasing yields, rather than expanding arable land, is the
only way to increase food production since most arable land is already under cultivation in this densely
populated country. Second, our indicator of overall yields takes into account all major food crops, but
gives more weight to crops that account for a larger share of total cropped area. An increase of yields
of frequently cultivated crops, such as beans, therefore has a larger positive impact on overall yields
than increasing yields of niche crops such as soybeans. For this reason, focusing on overall yields
rather than on crop-specific yields gives a more accurate assessment of the impact of the reforms on
growth in the agricultural sector. Third, overall yields are easier to estimate than total food production.
Estimating total food production with household surveys requires aggregating the data at national
level. Such an aggregation requires accurate sampling weights. Furthermore, it requires that the survey
is representative for the agricultural sector, which is not necessarily true since the survey is represen-
tative for the population. In addition, data |aggregation is more sensitive to outliers in production
numbers at household level (for.instance, due to data entry errors) than our definition of overall yields.
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One important drawback of using yields to evaluate the agricultural reforms is the implicit, under-
lying assumption that small-scale farmers are profit-maximisers. In reality, small-scale farmers seek a
balance between profit maximisation and risk minimisation. A comprehensive evaluation of the
agricultural policies should therefore also consider risk. Several scholars have already criticised the
reforms because crop specialisation and mono-cropping increases risks for small-scale farmers
(Pritchard, 2013; Van Damme, Ansoms, & Baret, 2014). Consequently, if one wants to call the
reforms a success, a substantial increase in yields is required to offset the increased riskiness of
farming.

4. Results
4.1. Yearly Estimates from FAOSTAT

Figure 1 compares the evolution of overall yields in Rwanda since 1990 based on data from
FAOSTAT. 1t is striking that yields reported by FAO have increased tremendously since 2007-2008,
which is generally considered as the start of the implementation of the Crop Intensification Program
(GoR, 2012c¢). According to the FAO overall yields have increased from 1253 kg/ha in 2007 to
2077 kg/ha in 2013. In other words, yields have increased by 66 per cent in six years.> Most of this
increase occurred from 2007 to 2011, and yields have only increased marginally since then. If these
statistics are reliable, the claims that the agricultural reforms in Rwanda are extremely successful are
justified.

Examining the FAOSTAT data in more detail reveals that the increase in overall yields is driven by
two complementary reasons. The most important one is the increase in yields of all crops since 2007
(Figure 2, left panel). The increase in yields is most pronounced for maize, for which yields have more
than tripled since 2005, and for cassava, for which yields have nearly tripled. Both crops are
designated as ‘priority crops’ by the government of Rwanda (GoR, 2012c). Excluding cassava when
estimating trends in overall yields reduces the increase in overall yields from 66 per cent to 42 per
cent. Excluding both cassava and maize from the estimation, reduces this increase to only 30 per cent.
Consequently, the sharp increase in overall yields since 2007 is mainly driven by strong yield growth
of cassava and maize. In contrast, yields of beans, the most important staple crop in Rwanda and also
one of the priority crops, remained constant. The second, and less important, explanation behind the
increase in overall yields, is a shift over time in cropped area towards production of those crops with
the greatest increase in yields (Figure 2, right panel).* For instance, land cultivated with maize
accounted for 8 per cent of the total cropped area in 2007 and this almost doubled to 15 per cent in

2000
18001

1600
yield
(kg/ha)

1400

1200

1000
1990 1995 2000 2005 2010
ear

Figure 1. Overall yields since 1990-2013.
Source: FAOSTAT and own calculations.
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Figure 2. Increase in yields since 2007 (left panel) and share of land devoted to each crop (right panel).
Notes: Only crops cultivated on more than 5 per cent of total cropped area in 2013 are included in the figures.
Yields 2007 = 1.

Source: FAOSTAT and own calculations.

2013. The share of land devoted to cassava increased slightly from 2007 to 2013. At the same time,
land cultivated with sorghum, sweet potatoes and plantains has decreased over time. Only the
evolution of land allocated to beans does not follow this trend since yields of beans remained constant,
while land cropped with beans increased from 22 per cent in 2007 to 25 per cent in 2013.

It is interesting to compare the evolution of yields and cropped area between ‘priority’ and ‘non-
priority’ crops. As part of its agricultural reforms, the government selected six priority crops, namely
beans, cassava, potatoes, maize, wheat and rice (GoR, 2012c, 2015a). On average the yields of priority
crops have more than doubled since 2007, while yields of non-priority crops have increased by 40 per
cent. Similarly, FAOSTAT statistics show a shift in cropped area from non-priority crops towards
priority crops. Priority crops accounted for 50 per cent of total cropped area in 2007 and 62 per cent of
total cropped area in 2013.

4.2. Household Surveys

Table 2 shows median overall yields in Rwanda in 2006 and 2011 estimated with household survey
data. Overall yields in 2011, three to four years after the implementation of the reforms, were only 20
per cent greater than yields in 2006, just before the implementation of the reforms. Household surveys
thus point to a more modest increase in yields since the reforms than FAOSTAT-estimates. In sum, the
success of the agricultural reforms depends on the data used to evaluate it.

Of the three categories of datasets, only for the household surveys did we have access to the
underlying micro data. This allowed us to examine the distribution of yields between households.
Figure 3 shows the cumulative distribution of yields in 2006 and 2011 and indicates the median values
of the three distributions. The cumulative distributions are remarkably similar. An important feature of
the'distribution of yields'is'the eénormous variation between farmers. For instance, our results show that
10 per cent of the households in 2011 reported yields of less than 450 kg/ha, while another 10 per cent
of the households reported yields greater than 3600 kg/ha. This makes it extremely difficult to
determine ‘the ‘representative’ yield in Rwanda and explains why we preferred median rather than
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Table 2. Estimates of overall yields based on household surveys

Rwanda (2006) Rwanda (2011)
Median yields (kg/ha) 1140 1370
Number of observations 2225 8878

Source: EICV 2 and EICV 3 and own calculations.
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Figure 3. Cumulative distribution of yields in Rwanda in 2006 and 2011 based on household survey data.
Source: EICV 2 and EICV 3 and own calculations.
Notes: Vertical lines indicate median values of yields, horizontal line corresponds with 50 per cent of the
households.

mean yields as the best proxy of overall yields in a country. Part of this huge variation is undoubtedly
due to measurement errors in both production numbers and cropped area, which were based on
farmers’ estimates. Nevertheless, it probably also represents part of an agricultural reality. Yields are
known to fluctuate significantly because of weather conditions, regional differences in soil quality and
differences in inputs of fertiliser and labour. The two other sources of data, that is FAOSTAT-statistics
and the agricultural survey, also undoubtedly required making assumptions on the distribution of
yields to determine ‘average’ yields. However, neither FAOSTAT nor the report of the agricultural
survey documented the variability of yields or the assumptions made to deal with this variability. This
is unfortunate because we need this information to estimate the accuracy (95% confidence intervals) of
‘average’ yields.

4.3. Agricultural Survey

Using the estimates of crop-specific yields and cropped area in season B of 2013 reported in the final
report of the agricultural survey, overall yields were 1478 kg/ha (GoR, 2013, table 72, p. 64 & table
73, p.64). Overall yields in season A and C were 1270 kg/ha and 1344 kg/ha, respectively.
Consequently, our estimate of overall yields of 1478 kg/ha is an upper bound of average ‘annual’
overall yields. This estimate is slightly higher than overall yields estimated with household survey
data, but still well below the FAO-estimate of 2077 kg/ha.

The reasons behind the discrepancy between both estimates are explored in Table 3. The table
directly compares crop-specific yields and cropped area as reported by FAO and the agricultural
survey. FAO-based estimates of yields of all crops are greater than those reported by the agricultural
survey. This is especially the case/for cassava, for which yields differ by a factor of five. Yields of
maize and potatoes are also substantially greater according to FAOSTAT, by 33 per cent and 40 per
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Table 3. Differences in yields and cropped area between FAOSTAT and the agricultural survey

Yields (kg/ha)

Agricultural survey FAO Ratio (FAO/Agricultural survey)
Bananas® 8465 9223 1.09
Beans 853 913 1.07
Cassava 3176 15,766 4.96
Maize 1712 2285 1.33
Potatoes 9709 13,606 1.40
Sorghum 1355 1443 1.07
Sweet potatoes 8,147 9,616 1.18

Source: Report agricultural survey 2013, season B (GoR, 2013: table 72, p. 64 & table 73, p.64)
and FAOSTAT.

Notes: Only crops accounting for more than 5 per cent of total cropped area (using FAO-
estimates) in 2013 are reported. “The agricultural survey makes a distinction between bananas
for cooking, beer or fruit, while FAO makes no such distinction. We reported yields of ‘banana
for cooking’.

cent respectively. The discrepancy between overall yields estimated by the FAO (2077 kg/ha) or the
agricultural survey (1478 kg/ha) is mainly caused by three crops: cassava, maize and sweet potatoes.

5. Comparing Agricultural Yields in Rwanda between Datasets and over Time

Table 4 summarises the main findings of this paper. It shows estimates of ‘overall’ yields, which take
into account all the important crops in Rwanda weighted according to their share of total cropped area.
We estimated overall yields from three different data sources: yearly FAOSTAT estimates, household
surveys and an agricultural survey.

The evolution of yields since the implementation of the reforms in 2007 can be assessed using these
estimates of overall yields. The increase in yields is very different according to the dataset, albeit
always positive. According to the FAO, yields increased by 55 per cent between 2006 and 2011, while
household surveys point to a 20 per cent increase over the same period.

Comparing estimates of overall yields between datasets using very different methodologies requires
more care because the different data sources used different methodologies to measure the same
underlying concept. Nevertheless, a comparison of overall yields between data sources can provide
us with additional insights. This comparison reveals large discrepancies of overall yields between
different datasets. Estimates based on FAO-statistics and household surveys were rather similar in
2006. In 2011, however, overall yields estimated with FAO-statistics and household surveys differed
by 50 per cent. The agricultural survey tends to confirm the estimates from the household surveys as
more realistic. This suggests that the estimates of the FAO have been too optimistic since 2007, when
the agricultural reforms were introduced.

Table 4. Overall yields (kg/ha) in Rwanda estimated with different data sources

Yields (kg/ha)

Year FAO Household surveys Agricultural survey®
2006 1,306 1,140

2011 2,029 1,370

2013 2,077 1,478

Notes:?only season B(March to end of July)
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Finally, we examined whether other publicly available statistics about Rwanda can be reconciled
with our finding of weaker yield growth than predicted by the FAO. More specifically, we looked at
growth in fertiliser application, trends in food imports and the evolution of poverty rates. None of
these statistics in themselves can rule out a 66 per cent increase in overall yields as predicted by the
FAO. Taken together, however, they do tend to suggest that FAO’s prediction is too optimistic.

The Government of Rwanda points towards the strong increase in fertiliser imports since 2007 to
explain strong yield growth. According to official statistics, fertiliser imports quadrupled from 8000
tonnes prior to the implementation of CIP to 35,000 tonnes in 2012 (GoR, 2014, 2015b; Monitor
Group, 2013). Such a strong increase in fertiliser use could indeed explain the strong yield growth as
reported by the official statistics. These figures are, however, contradicted by estimates based on the
household surveys and the agricultural survey. The household surveys show that the number of
households applying fertiliser increased from 16 per cent in 2006 to 34 per cent in 2011. The
agricultural survey tends to confirm these statistics. Detailed results are provided in Online
Appendix B. It is striking that the different data sources are internally consistent. If the official figures
of increasing fertiliser imports are reliable, yield growth predicted by FAOSTAT seems plausible. If, on
the other hand, fertiliser use reported by the household surveys and the agricultural survey are
considered the most reliable data sources, FAOSTAT’s prediction of yield growth seems misguided.
Hence, depending on the data source, statistics on fertiliser use confirm or refute our finding of less
impressive yield growth than predicted by the FAO.

A second, indirect, approach to check the reliability of our findings is by examining trends in food
imports in Rwanda. One would expect decreasing net food imports with increasing food production.
This is not confirmed by FAOSTAT statistics. Imports of cereals, particularly maize, decreased from
133,000 tonnes in 2007 to 77,000 tonnes in 2008, but have recovered rapidly since 2008, reaching
238,000 tonnes in 2011.° These figures are difficult to reconcile with the sharp increase in food
production as predicted by the FAO. This suggests that FAOSTAT may over-estimate total food
production, although other factors such as population growth and economic growth may also partially
explain growing food imports.

The GoR is often praised by international donors for its sharp reduction in poverty rates.
Poverty decreased from 57 per cent in 2006 to 45 per cent in 2011 (Ansoms & Rostagno, 2012;
Desiere, Vellema, & D’Haese, 2015; GoR, 2012b). These figures were estimated with the house-
hold surveys EICV 2 and EICV 3 that were also used in this study. Although we cannot tell
whether these poverty estimates are reliable, we can examine if this reduction can be reconciled
with our estimate of yield growth. It is well established that growth in the agricultural sector
significantly reduces poverty. Typically, one finds that a 1 per cent increase in yields decreases
poverty by between 0.5 per cent and 2 per cent (Datt & Ravallion, 1998; Irz, Lin, Thirtle, &
Wiggins, 2001; Thirtle, Lin, & Piesse, 2003). Consequently, a modest increase of yields of
between 10 per cent and 40 per cent between 2006 and 2011 in Rwanda is already sufficient to
decrease poverty by 20 per cent. Hence, our estimate of yield growth based on the household
surveys (+20%) does not rule out a poverty reduction from 57 per cent in 2006 to 45 per cent in
2011 as is claimed by the GoR.

6. Discussion

This study does not take a definitive stance on the success or failure of the agricultural reforms in
Rwanda. The results are inconclusive, and our findings can easily be criticised by arguing that
household surveys are just not well adapted to measuring yields. This is indeed partly true. Yet, we
believe that there is no reason to assume that FAOSTAT statistics are any closer to the ‘truth’ than
household surveys or the agricultural survey. What we intend to show in this study is that different
datasets lead to different conclusions, and this raises several questions.
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A first pressing question is why the FAO-numbers, which represent the official statistics of the GoR, are
probably overestimating yields in Rwanda. There are two possible explanations for this: the challenges
related to collecting accurate agricultural statistics and the political economy of agricultural data.

Even with dedicated agricultural surveys in the best performing agricultural statistical offices in
Africa, collecting reliable agricultural statistics is still challenging (Jerven, 2013; Vandercasteelen,
Dereje, Minten, & Taffesse, 2013). The main reason is the predominance of subsistence agriculture in
Africa. This limits the need for bookkeeping and explains why estimates of production in surveys
often rely on recall by the household head (Beegle, Carletto, & Himelein, 2012a). This can cause
inaccurate numbers. Deininger, Carletto, Savastano, and Muwonge (2012), for instance, report that
recall underestimates production by 40 per cent compared to record keeping in diaries. Moreover,
mismeasurement may be more pronounced for some crops than for others. It is, for instance, well
known that obtaining reliable production numbers for roots and tubers, such as cassava, is especially
difficult. In contrast to high-value crops, cassava is harvested in small quantities over several months
because it stores better in the ground. In addition, cassava is often only fully harvested during times of
food crisis (Carletto et al., 2015). Perhaps, these difficulties explain why FAOSTAT-estimates of yields
of cassava (15 ton/ha) are five times greater than those of the agricultural survey (3 ton/ha). An
additional challenge in Rwanda is the fact that most crops are grown in mixed cropping systems. This
makes it extremely difficult to accurately estimate the share of land devoted to each crop (Fermont &
Benson, 2011).

Although gathering reliable data is difficult, this does not yet explain why, according to FAO,
yields have increased substantially since 2007. The FAO confirmed that the figures were provided
by the Ministry of Agriculture of Rwanda as is standard practice (FAO, 2006; World Bank, United
Nations and Food and Agricultural Organization, 2010).° As such, the sharp increase in yields
since 2007 may be explained by a political economy argument (Sandefur & Glassman, 2015). The
increase in yields coincides with the implementation of agricultural reforms in Rwanda and
officials may have had an incentive to over-estimate agricultural production to demonstrate that
their reforms were working. For instance, the increase of yields was the largest for maize (+200%
since 2007), which is one of the ‘priority’ crops of the government. More generally, we found that
yields of priority crops have increased more than yields of non-priority crops. Local officials in
Rwanda are bound by performance contracts that specify development targets and are set by the
national government in line with national policies (Ansoms, 2008; Ingelaere, 2010). Local
officials who do not succeed in achieving their targets miss out on promotions and may even
get fired for below average performance (Versailles, 2012). This provides a strong incentive to
tweak the numbers.

Yet, this raises a new question: why are yields of the main staple crops reported in the
agricultural survey, which was conducted by the National Institute of Statistics of Rwanda in
collaboration with the Ministry of Agriculture, much lower and probably more realistic? Why
did officials charged with data collection not overestimate yields in this case? The answer may
lie in the way the data were collected which determines how easily numbers can be ‘negotiated’.
As Jerven (2014b) argues, when the empirical evidence is weak, there is ample room for a
negotiation about agricultural data. Although we have no proof, FAO’s numbers are likely to be
based on eye-estimates by local extension officers of cropped area and total harvest, which is
common practice in many countries (Carletto et al., 2015). Eye-estimates are known to be very
inaccurate and can, therefore, more easily be tweaked to satisfy political objectives. It is not
even necessary that this manipulation occurs consciously, it is already sufficient that officials in
charge of data reporting simply believe that the agricultural reforms work and, hence, overstate
production numbers. For instance, as the import of fertilisers was widely reported to have surged
because of the CIP (by more than 32% per annum by one account), officials may have expected
a substantialvincrease in yieldsrand food production (Druilhe & Barreiro-Hurlé, 2012; Monitor
Group, 2013). An agricultural survey, on the other hand, follows a pre-defined, ‘scientific’
design and is considered to be the gold standard for collecting reliable agricultural data
(Fermont & Benson, 2011). As. a result, numbers from agricultural surveys may be more
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‘trusted’ and are less susceptible to (unconscious) manipulation. A better understanding into the
interplay between ‘trust in data quality’ and political pressure to use numbers to prove that
policies are working is an interesting avenue for further research.

7. Conclusion

Our findings have several implications for policymakers in Rwanda and all actors involved in
collecting, processing and analysing agricultural data. First, a careful evaluation of the impact of the
agricultural reforms in Rwanda on yields remains important because an increase in yields and food
production is the main objective of the programme. As these reforms have already been criticised for
many other reasons including their top-down approach, increasing social tensions in local communities
and reducing tenure security and food security at household level (Ansoms, 2008, 2010; Pritchard,
2013), a strong, positive impact on yields and food production is required to justify the implementation
of the programme and to push the reforms even further. Second, agriculture still accounts for the lion’s
share of the national economy in Rwanda. Reliable agricultural data are thus a condition sine qua non
for accurate national accounts, which, in turn, are important to monitor growth.

The reliability and accuracy of FAO-numbers and agricultural statistics in Africa have already been
criticised by many authors (Devarajan, 2013; Jerven, 2013), including by the FAO and the World Bank
themselves (World Bank et al., 2010). This is confirmed by this study, which suggests that FAO
numbers in Rwanda are too optimistic and may even be plainly wrong. The danger is that these
numbers, rather than those of the household survey or the agricultural survey, get embedded within the
FAO’s international system of data management and will be taken up over and over again for new
analyses (for example, in cross-country regressions, see Woods [2014]). In any case, we should ensure
that statistics describe realities and avoid at all cost them becoming a reality on their own. One factor
that augments this risk is the lack of clear documentation which provides all the necessary details
about how, for which purpose and by whom the FAO numbers were collected. In this respect, we can
only join the call of other researchers concerned about data quality to increase the transparency of the
data collection process (Jerven, 2013). Fortunately, several institutional initiatives are currently already
under way to improve the quality of agricultural statistics in developing countries (Addinson et al.,
2015; Chen, Fonteneau, Jiitting, & Klasen, 2013; FAO, 2012; World Bank et al., 2010).
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Notes

1. EICV: Enquéte Intégrale sur les Conditions de Vie.

Zpltis;commonypractice tosaggregatetotalfoodsproduction by adding up the calorific values of all food crops. For instance, the
well known ‘Daily per-capita energy supply’ indicator of FAO uses this approach (Smith, 1998). We then divided total
aggregated production in its energy content by the energy content of beans, one of the main staple crops in Rwanda, to get a
familiar expression of yields, that is, expressed in kg/ha. This normalisation facilitates interpretation of the results, but does not
influence the findings. This approach is similar to the well-known conversion to cereal equivalents (Rask & Rask, 2014).
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A second, common approach to aggregate food production is to convert total production into monetary value. We did not
opt for this approach because we did not have good price data. Moreover, this approach requires tricky assumptions about
inflation and regional differences in price levels.

3. As a robustness check, we calculated the evolution of total food production using FAOSTAT statistics. Results showed that
total food production has increased even more since 2007 (by 92%) than overall yields (66%). This increase was driven by a
sharp increase in cassava and maize production. Detailed results are available upon request.

4. To evaluate which of these two factors (that is an increase in crop-specific yields or a shift towards crops with the largest
increase in yields), contributed most to the total increase in yields, we calculated overall yields in 2013 keeping the share of
land devoted to each crop constant at 2007 levels. This calculation revealed that yields still increased by 60 per cent from
1253 kg/ha to 2022 kg/ha. Hence, the increase in crop-specific yields is by far the most important factor explaining the
increase of overall yields.

5. More detailed results are available upon request.

6. A second approach used by FAO to estimate yields is model-based, meaning that yields are predicted based on observable
variables such as weather patterns, fertiliser use or population growth. It seems very unlikely that this was the case for
Rwanda, given the large increase in yields since 2007.
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