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ABSTRACT

Although studies of the determinants of farmland prices are common in developed country settings,
such analyses are extremely scarce in Sub-Saharan Africa. This paper offers a comprehensive
examination of land values across Tanzania. L.and prices rose significantly between 2008/09 and
2012/13, presenting a potential obstacle to land access for poor and aspiring farmers. A hedonic
analysis reveals that indicators of agricultural potential, local population density, and access to
markets/urban centers are all statistically significant determinants of land values in Tanzania. The
paper concludes with a discussion of promising directions for future research on land values in Sub-
Saharan Africa.
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1. INTRODUCTION

The determinants of agricultural land values have long been of interest to economists (Ricardo 1817,
von Thiinen 1842), and are of continued relevance to farm households and analysts of the
agricultural sector. Land markets in Sub-Saharan Africa have been historically thin, likely reflecting
the abundance of land across many countries and the extent of market frictions and various legal
obstacles to market development (Holden, Otsuka, and Place 2009). However, land markets are now
growing increasingly active in the region (ibid), indicating that insights may indeed be derived from
the price signals that emerge in these rapidly developing markets. Furthermore, anecdotal evidence
suggests that land prices may be rising faster than the rate of inflation in several countries, including
Tanzania (authors' observation). If true, this could present a significant shift in the ease with which
smallholder farmers in Sub-Saharan Africa are able to access land, making it imperative to better
understand the determinants of land values. In this paper, we test the reliability of the available data
on land values in Tanzania and provide a comprehensive hedonic analysis of land values across the
country. We believe this opens a promising direction for future research on land prices in Sub-
Saharan Africa.

Analyses of the determinants of farmland prices are common in the U.S. (Huang et al. 2000;
Tsoodle, Golden. and Featherstone 2006; Borchers, Ifft, and Kluethe 2014; Guiling, Brorsen, and
Doye 2009; Livanis et al. 2006; Plantinga, Lubowski, and Stavins 2002) and Western Europe
(Maddison 2000; Patton and McErlean 2003), and have recently been conducted in Eastern Europe
(Sklenicka et al. 2013) and South America (Choumert and Phélinas 2015; Foster et al. 2016; Merry,
Amacher, and Lima 2008). However, such analyses of non-commercial farmland are extremely
scarce in Sub-Saharan Africa. Perhaps owing to a lack of data on land sales or to some measure of
skepticism regarding the validity of farmer-estimated land values, there remains a dearth of
information on the drivers of non-commercial land prices in Sub-Saharan Africa.'

Why study about land values in a setting of (primarily) small-scale farmers? First, as land grows
scarcer with rising population densities in many parts of Sub-Saharan Africa, rural youth are likely to
inherit ever-smaller land areas (Jayne, Chamberlin, and Headey 2014). This suggests that new or
aspiring farmers must increasingly rely on the market, rather than inheritance, as a means of
accessing land. It follows that land values may become the primary barrier to entry into farming for
a growing proportion of the rural population in Sub-Saharan Africa, especially young adults. If new
farmers are unable to earn back the cost of their investment within a reasonable time frame, then a
job path as an agriculturalist will be closed to those for whom it may be their best —or only— option.
Rental markets do provide an alternative (albeit short-term) entry point into farming, although the
determinants of land sales and rental prices are likely to overlap.

Second, land prices may affect the likelihood that farmers would sell their land (perhaps in the
process of exiting agriculture) or supply land to the rental market. Thus, an understanding of trends
in land values can offer insight into likely future land market activity, along with potential labor
movements. Third, and relatedly, as the land market continues to develop in Sub-Saharan Africa, the
trends and determinants of land values will affect the trajectory of agricultural systems, as well as
broader economic transformation processes. Note that the population of rural Africa is expected to

! One noteworthy exception is the work of Maddison, Manley, and Kurukulasuriya (2007) regarding the effects of
climate change on African agriculture. However, this focuses almost exclusively on the climate-related determinants of
land values. Although Ricardian analyses of climate change effects can be conducted with reference to either land values
or farm revenue, most studies in Africa rely on net farm revenue (e.g., Seo et al. 2009).
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grow by roughly 62% from 2014 to 2050 (United Nations 2014), pointing to ever-greater demand
for farmland, with substantial demand also deriving from urban households in some countries (Jayne
et al., forthcoming). It is therefore likely that the value of arable land will continue to rise, with
implications that merit scrutiny.

The remainder of this paper is organized as follows. Section 2 provides background information on
factors found to affect land prices in other settings. The research hypotheses and hedonic pricing
method are outlined in Section 3. Section 4 offers a description of the data and variables. Section 5
provides both a descriptive account of land values in Tanzania and the results of our hedonic
analysis. Section 6 concludes with a discussion of results, along with a delineation of directions for
future research.



2. BACKGROUND

Farmland values are understood to be determined by the discounted stream of expected returns,
inclusive of all uses for the land. Within the realm of agriculture-related determinants of land values,
Ricardo (1817) famously focused on agricultural productivity, while von Thiinen (1842) noted the
role of distance to markets, a key factor in the profitability of the farming enterprise. Thus,
agricultural factors that drive land values include soil characteristics (Huang et al. 2006; Maddison
2000; Choumert and Phélinas 2015; Patton and McErlean 2003); climate characteristics and
elevation (Maddison 2000; Mendelsohn, Nordhaus, and Shaw 1994); farm returns or yields
(Devadoss and Manchu 2007; Borchers, Ifft, and Kluethe 2014; Livanis et al. 2006; Goodwin et al.
2003); and proximity to agricultural markets (Choumert and Phélinas 2015; Merry, Amacher, and
Lima 2008).” Several additional factors are indirectly related to agricultural productivity, including the
tenure status of farmland (Choumert and Phélinas 2015) and local population density or population
growth rates (Devadoss and Manchu 2007; Goodwin et al. 2003; Huang et al. 2006; Maddison 2000).
Of less relevance to the current study, considerable attention has also been paid to the role of
agricultural program payments in influencing land prices (Weersink et al. 1999; Goodwin et al. 2003).

As noted by Plantinga, LLubowski, and Stavins (2002), the price of land reflects not only the current
use of farmland, but also its potential uses. Studies consistently find that land prices are higher near
urban areas (Huang et al. 20006; Livanis et al. 2006; Sklenicka et al. 2013; Plantinga, Lubowski, and
Stavins 2002; Guiling, Brorsen, and Doye 2009; Goodwin et al. 2003), an effect that seems to occur
through multiple channels. In the first case, farms close to cities are likely to engage in the
production of high-value crops, resulting in higher returns to agriculture (Livanis et al. 2006). This
pattern is consistent with the argument put forth by von Thiinen (1842), who assumed that high-
value crops exhibit the highest transportation costs. Second, urban sprawl necessarily results in the
conversion of farmland to urban uses, bidding up land prices for this alternate usage. A third
channel is the speculative effect, or the manner in which farmland represents posential land for urban
expansion (Plantinga, Lubowski, and Stavins 2002; Livanis et al. 2006). Thus, the option to convert
the land to residential or commercial use in the future is factored into the price of farmland today
(Borchers, Ifft, and Kluethe 2014). In the U.S., Barnard (2000) estimates that non-agricultural factors
account for approximately one quarter of the average price of farmland, and Hardie, Narayan, and
Gardner (2001) conclude that farmland values are more responsive to non-farm factors than to farm
returns.

Another determinant of land values is plot (parcel) size. On one hand, larger parcels may be more
expensive (on a per acre basis) if they are more desirable, owing to economies of scale in agricultural
production. On the other hand, smaller parcels may be more expensive if demand for the, is
relatively high (Patton and McErlean 2003). This could reflect the limited capital and borrowing
constraints of potential buyers, coupled with the multiple uses of parcels that are appropriate for
agricultural, residential, or commercial purposes (Guiling, Brorsen, and Doye 2009). In actuality,
farmland values are commonly found to increase as parcel sizes decrease, a phenomenon referred to
as the small parcel size preminm (T'soodle, Golden. and Featherstone 2006; Guiling, Brorsen, and Doye
2009; Ma and Swinton 2012; Brorsen, Doye, and Neal 2015; Maddison 2000). Brorsen, Doye, and
Neal (2015) find that this premium in the U.S. mostly reflects the way small parcels, located closer to

2 Note that most analyses do not distinguish between distance to agricultural matrkets and urban centers.
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roads and residential areas, are priced at their non-agricultural use values. However, patterns in Sub-
Saharan Africa may differ from those observed in developed country contexts.

A brief overview of land access and administration in Tanzania will help to place our empirical
analysis of land values in context. Approximately 75% of Tanzania's population of over 40 million
resides in rural areas, and an even higher percent (80%) of the working population is engaged in
agriculture (USAID 2011). Land is most commonly accessed through inheritance, borrowing from
family members, rental or purchase, or allocation by village councils (similar to a village
government). Since the early 1980s, Tanzania has undergone a gradual transition toward
individualized control of resources and the commoditization of land — a process that is not without
its critics. The Land Act of 1999 recognizes customary rights to land as valid (even without a formal
certificate) and as perpetual, heritable, and transferable to those within and outside of the village,
albeit with some oversight of the village council. Although the Land Act also introduced a formal
land market, most land transactions continue to occur on the informal market, with exchanges often
sealed with an informal contract and/or witnessed by neighbors or clan leaders (USAID 2011; Daley
2005; Wineman and Liverpool-Tasie 2016). We turn now to examine the land prices that emerge
from this system.



3. HYPOTHESES AND RESEARCH METHOD

The goal of this paper is to broadly identify the factors that determine land values in Tanzania,
drawing on the available data. We approach this with a set of hypotheses outlined in Table 1.
Anticipating the high demand among poor farmers for small plots, we hypothesize that land values
will initially decrease with plot size. However, following the results of Brorsen, Doye, and Neal
(2015), this inverse relationship is expected to disappear as plot size increases. Population density is
also understood to indicate local scarcity of land, thus driving up the price. Because continuous
cultivation can deplete the soil of nutrients (Barrett and Bevis 2015), we expect a plot that is 7o#
cultivated to obtain a higher price, holding other factors constant. We naturally hypothesize that
factors related to agricultural potential, such as soil quality and conducive climate conditions, are
positive determinants of farmland value. Amendments to the land, such as erosion control structures
or the presence of permanent crops, should increase farmland value as the land price is necessarily
inclusive of these improvements. The experience of pre-harvest crop losses on a plot is expected to
diminish its value as it may reflect, among other things, the local prevalence of crop disease or
animal pests. In terms of market access and urban pressure, we anticipate that plots located closer to
(or within) urban centers command higher land values. As noted earlier, this may reflect the farm's
higher profitability; more favorable access to amenities or nonfarm income-generating opportunities
that are also of interest to potential buyers; or the potential conversion value of the farm to non-
agricultural uses.

We apply a hedonic approach to test these hypotheses. This well-established method, introduced by
Rosen (1974), is a revealed preference technique that exploits the manner in which a good's
observed price is a function of its distinct attributes or characteristics. Essentially, each characteristic
is valued by its implicit price (Nickerson and Zhang 2014). The hedonic approach is, therefore,
suitable for analyzing the prices of a heterogeneous good in order to determine the marginal value of
its underlying characteristics; this technique is commonly applied to the analysis of farmland prices
in order to value farmland amenities or nonmarket goods, such as environmental quality (e.g., Ma
and Swinton 2012; Patton and McErlean 2003; Maddison 2000).

Table 1. Hypothesized Determinants of Land Values in Tanzania

Hypothesized
Topic Factor relationship
Miscellaneous Plot size Convex
Population density +
Tenure security +
Forest/ Fallow/ Other use +
Agricultural potential Soil quality +
Slope -
Average rainfall/ temperature +/-
On-farm amendments +
Pre-harvest crop losses -
Market access/ urban pressure  Rural location -
Distance from road/ town -
Household's market orientation +

Source: Authors.



The hedonic method involves regressing the sale price per unit area (ot the rental value) of a farm
g g p p
plot on the plot's characteristics. The general equation is:

Price_land; = a + X;'0 + ¢; )

where Price_land; is the value per acre of plot i, X; is a vector of agricultural and location-related
characteristics associated with the plot, and &; is a stochastic error term. Note that the relationships
captutred in @ do not establish causality, but should rather be regarded as measures of correlation.
The functional form (linear, semi-log, or double-log) is often selected with reference to the Box-Cox
test. An underlying assumption of equation (1) is that the sample is drawn from a single land market
(Nickerson and Zhang 2014). While some hedonic analyses are limited to the state level in the U.S.
(Tsoodle, Golden. and Featherstone 2006; Huang et al. 2000), others are focused at the country level

(see Borchers, Ifft, and Kluethe (2014) and Mendelsohn, Nordhaus, and Shaw (1994) in the U.S,,
and Foster et al. (2016) in Chile).



4. DATA AND VARIABLES

To implement a hedonic analysis of farmland values, this study draws mainly from the Living
Standards Measurement Study (LSMS) for Tanzania, a nationally representative longitudinal data set
collected in 2008/09, 2010/11, and 2012/2013.” The LSMS (also known as the National Panel
Survey) is carried out by the Tanzania National Bureau of Statistics and is a research initiative within
the Development Economics Research Group of the Wotld Bank. In 2008/09, the survey can be
considered as representative of each of Tanzania's eight administrative zones (NBS 2014; Figure 1),
although because household members were subsequently tracked when they migrated from their
initial locations, it is not necessarily representative at the zone level by 2012/13.

For agricultural households, the LSMS captures a rich set of detailed information on agricultural
production over the previous year, household landholdings, and characteristics of individual plots
that were cultivated and/or owned over the previous year. Area estimates were collected for all
plots, among other characteristics, and additional plot characteristics, such as soil quality, were noted
for cultivated plots.*

In addition, for each plot of land, respondents were asked its value 7f ## were sold today. This estimate
will serve as the main dependent variable in our analysis. The original sample in 2008/09 includes
2,298 households that owned or cultivated land, and because many households held multiple plots,
the survey includes information on 5,220 plots. Because individual household members were tracked
in later survey waves, with the survey administered to the individual's new household, the number of
agticultural plots grew to 6,076 by 2010/11 and 7,474 by 2012/13. For plots that were retained by
the same household in subsequent survey waves, a unique plot identifier can be used to link plots

Figure 1. Zones of Tanzania

Zones

Zanzibar

Southern

Eastern

Lake

Southern Highlands
Central

Northern

Western

Source: Authots.

3 Another LSMS survey was implemented in 2014/15, though the data ate not yet available.

#In each survey wave, a number of plots containing only permanent crops/tree crops were (mistakenly, it seems)
categorized as uncultivated. Information on crop production was recorded, but not on plot amendments, etc., such that
sample sizes can vary according to the information required for a given model.
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over the years, making possible a plot fixed effects (FE) analysis.” In total, 3,528 plots were tracked
over all three survey waves. An additional feature of the data set is that, although plot areas were
only infrequently measured in 2008/09, by 2012/13, enumerators measured plots using Global
Positioning Systems (GPS) whenever possible.’ This information is available for 5,406 plots in this
year. Population weights are used in all analyses, and monetary variables are inflated to 2013
Tanzanian shillings (TSh) using the consumer price index (CPI).’

Appended to the LSMS data set are additional data drawn from other sources and linked to each
plot or homestead (i.e., residence). These include local population density estimates, distance to
towns and markets, long-term average climate variables, slope, and agro-ecological zone (NBS 2014).
Because some of these data are available only for the homestead, econometric analyses are limited to
plots within 50 km of the homestead (dropping 1.3% of plots located farther away), thus reducing
the likelihood that variables are not similar for the homestead and the household's plots. Finally, for
descriptive purposes we refer to another data source, the 2007/08 Tanzania Agticulture Sample
Census Survey (NBS 2011). This survey, covering 52,594 rural agricultural households® across the
country, provides a measure of land market activity rarely captured in household surveys in Sub-
Saharan Africa.

A description of variables used in analysis is given in Table 2. As noted, our key dependent variable
is the per-acre farmer-estimated value of farmland. Though observed sales prices might have been
ideal, there exists no register of land transactions on the informal market in Tanzania. Other authors
have also turned to farmer-estimated land values in the U.S. (Borchers, Ifft, and Kluethe 2014;
Goodwin et al. 2003) and in more data-scarce regions (Choumert and Phélinas 2015; Merry,
Amacher, and Lima 2008). As will be reported, and consistent with the conclusions of Merry,
Amacher, and Lima (2008), our results seem to validate the suitability of these land value estimates
simply because many of our hypotheses bear out. One advantage of using land value estimates is
that, as this information was collected for all plots, we need not worry about sample selection bias or
the incidental truncation problem that would accompany analysis of actual sales or rentals
(Nickerson and Zhang 2014). It should be noted, however, that farmer-reported land values are
determined through both value estimates and area estimates, and although we have no reason to
suspect systematic bias in the former, the latter has been found to differ systematically from GPS
measurements in several African countries (Catletto, Gourlay, and Winters 2015). GPS
measurements are therefore used in a cross-sectional analysis of the 2012/13 survey wave, when this
information is available. Otherwise, we rely on farmer estimates in analyses that pool data from
multiple years.

> In theory, plots can be traced even if held by new households in later survey waves. However, we were unable to
confidently link these in all cases, and they are therefore omitted from our plot fixed effects analysis.

¢ Enumerators were instructed to measure all plots within one hour of the homestead, as long as respondents gave
permission and the terrain was not too difficult.

7'The January 2013 exchange rate was 1,614 TSh = USD $1. The CPI accounts for the price of food, which rose more
quickly than non-food items around this time (based on authors' analysis of 2010-2014 index values). It thus seems that
use of the comprehensive CPI may, if anything, over-compensate for inflation when it comes to land prices, leading us
to under-state the degree to which land prices rose (relative to inflation) over the study petiod.

8 An additional 1,000 large-scale farms, not considered agricultural households, were also enumerated. However, their
precise location is not reported.
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Table 2. Variable Definitions

Variable Definition Level®
Plot area (acres) Estimated areab P
Land value (TSh/acre) Estimated sales value of plot/estimated area® P
Net value crop production (IHST, (Vi alu? of crop pFoducnon on Plot over previous 1.2 months, m1nu§ c.osts of seed, fem.hzer, agto-
chemicals, and hired labor applied to the plot)/estimated area.’ This is transformed using an inverse P
TSh/acre) o i
hyperbolic sine transformation (IHST) to account for values of zero.
At residence 1=Plot is right at residence P
Formal document/ Less formal document 1‘: Plot has_ a granted right of occupancy, certificate of customary right of occupancy, or residential P
license or 1= Plot has a purchase agreement, letter of inheritance, or other less formal document
Can be left uncultivated 1= Respondent is comfortable leaving plot uncultivated for several months P
Good/bad soil quality 1= Soil quality categorized as good or 1= Soil quality categorized as bad, relative to average P
Flat/steep slope j[; Sope categorized as bottom flat or top flat or 1= Slope categorized as very steep, relative to shightly P
Slope of plot (from the SRTM 90m Digital Elevation Database, available for GPS-measured plots in
Slope (%) P
2012/13)d
Pre-hatvest crop loss 1= There was pre-harvest crop loss on this plot in the previous main growing season P
Erosion control 1= Any type of erosion control implemented on the plot P
Irrigated 1= Plot was irrigated P
Permanent crops 1= Plot contains some fruit trees or permanent crops P
Proportion of crop value marketed Proportion of crop value produced by the household in the past year that was sold HH
Rural household 1= Household resides in rural areac HH
Distance to road (km) Plot distance to road (km), estimated P
. Distance to home (estimated)® + Homestead distance to neatest town of = 20,000 population (from
Distance to town (km) . P
Statoids)d
Distance to major market (km) Distance to home (estimated)® + Homestead distance to neatest major market (from Statoids)d P
Population density (100s persons/km?) 2010 population density (persons/km?) (from WotldPop), estimated at midpoint of a range.d H
Average annual temperature (10s °C) Average annual temperature (from WorldClim, 1960-90 reference petriod)d H
Average annual rainfall (100s mm) Average annual rainfall (from WorldClim, 1960-90 reference petiod)d H
Agro-ecological zones Standardized agro-ecological zones (dummy variables) (from HarvestChoice)d H
1= Plot was forested or 1= Plot was fallow in previous year. In some cases, tree crops were harvested
Forest/Fallow P

from these plots.

2P = plot, H = homestead, HH = refers to household
b Plot area and distance to home are measured in 2012/13 for GPS-measured plots, and these measured values are used in Table 5.

¢The data set does not contain information on the rural status of each plot, among other variables. Instead, some homestead-level characteristics are linked to the

household's plots within 50 km.

dThese vatiables were compiled and made available by the LSMS (NBS 2014).



5. RESULTS

5.1. Descriptive Results

We begin by acknowledging that farmer-estimated land values may be of little worth in a context
where monetary values are not assigned to land and land is not transacted on the market. Before
delving into our analysis, we first refer to the Agriculture Sample Census Survey data set to assess
the extent of land market activity across the country, as of 2007/08. Figure 2 illustrates the percent
of agricultural households that access land through the market in each district. In total, 19.4% of
households possess land that was acquired through purchase, 10.7% access land as renters, and
27.4% access land through either the purchase or rental market. It thus seems that the land market
may be #hick enough to provide farmers with a fair understanding of the monetary value of their
land. Note that the extent of land market activity is far from uniform throughout the country. Some
districts exhibit quite an inactive land market, while elsewhere this rate extends up to 74.7%.
Nevertheless, there is no district with zero land market activity. Furthermore, because districts with
greater land market activity also tend to be more populated, almost three-quarters of agricultural
households live in a district with at least a 20% market participation rate.

Now referring to the LSMS data set, Figure 3 presents a non-parametric estimate of the relationship
between per-acre net values of crop production and per-acre land values. A non-parametric local
polynomial regression requires no assumptions of the functional form; rather, a weighted least
squares regression is fit at each point, using data from the surrounding neighborhood.

Figure 2. Land Market Activity across Districts in Tanzania, 2007 /08

% households with
purchased orrented land

> 40%
30-40%
20-30%
10-20%
1-10%

Source: Tanzania Agriculture Sample Census Survey 2007/08 (authors' summary)
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Figure 3. Land Value and Net Value of Crop Production, 2008/09, 2010/11, 2012/13 (Pooled)

20 25
1 I I

Land value (100,000s TSh/ acre)
10 15
1

T T T
2 4 6
Net value crop production (100,000s TSh/ acre)

’ 95% ClI

kernel = epan2, degree = 1, bandwidth = .47, pwidth =.7

local polynomial smoothing ‘

Notes: N=16,887 (all plots with crop production and/or crop harvest). Bandwidth selected based on the rule-of-thumb
bandwidth estimator in Stata.

Returns to crop production are often excluded from hedonic analyses of farmland values, likely
because profits are themselves determined by the other factors being assessed (e.g., soil quality or
climate characteristics). Using data pooled from all three years of the LSMS, Figure 3 displays a clear,
positive relationship between gross margins of crop production and land values. (The figure looks
very similar for each individual year.) Acknowledging that one would not expect a perfect correlation
between stochastic returns and land values, this strong relationship gives us confidence that the
farmer-estimated land values are suitable for further analysis.

Table 3 provides a summary of estimated land values across administrative zones in Tanzania over
the three survey waves. To avoid the influence of outliers in the descriptive statistics, land values are
winsorized at the 5™ and 95" percentile.” These results illustrate, first, that land values vary
considerably over space. While the national median price in 2008/09 was 239,490 TSh/acre
(approximately $148), this varied from a low of 119,745 TSh in Central zone to a high of 673,567
TSh/acre in Northern zone and 748,407 'TSh/acre in Zanzibar. The results also illustrate that land
prices rose over the study period, with each additional year associated, on average, with an increase
in the per-acre land price of 32,245 TSh/acre ($23). The pet-year increase in the median value is
slightly lower at 15,127 TSh/acre ($9). Anecdotal evidence of rising land prices seems therefore to
bear out in the data. This leap in prices occurred mostly between 2008/09 and 2010/11, a time of
sharply rising food prices (Ivanic, Martin, and Zaman 2012) and also high monetary inflation in
Tanzania (Adam et al. 2012), which would make farmland a more attractive investment. As noted in
the introduction, such growth may represent a boon to landowners, but it can also present an
obstacle to poor farmers or rural youth hoping to become farmers if they do not approach the
market with sufficient capital.

? In winsotization, observations below the 5% (above the 95%) percentile were set to the value of the 5% (95%) percentile.
In regression analyses in which land values are logged, land values are 7of winsorized as the logarithmic transformation
itself reduces the influence of extreme values.
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Table 3. Land Values across Tanzania, 2008/09 to 2012/13

Land value (100,000s TSh/acre) Test?

A 2008/09 to 2008/09

2012/13 =

2008/09 2010/11 2012/13 (pet year) 2012/13

Median  Mean SD Median Mean SD Median  Mean SD Median  Mean P-value
Whole country 2.39 7.02 11.69 2.87 7.89 1248 3.00 8.51 12.79 +0.15  +0.37 0.000

Zone

Western 2.00 3.69 6.18 2.18 4.54 8.37 2.00 3.87 6.72 0.00 +0.05 0.621
Northern 6.74 15.73  17.95 7.98 17.63  18.32 10.00 1791  18.30 +0.82  +0.55 0.037
Central 1.20 1.89 2.47 1.20 217 2.78 1.50 2.69 4.51 +0.08  +0.20 0.003
Southern Highlands 1.80 5.07 8.51 2.39 597  10.10 3.00 7.66  11.34 +0.30  +0.65 0.000
Lake 3.99 8.83 12.31 4.79 10.83  13.66 5.00 9.62 1253 +0.25  +0.20 0.339
Eastern 2.99 9.04 13.65 3.59 8.85  12.99 4.67 11.27  14.77 +0.42  +0.56 0.013
Southern 1.80 4.87 8.54 2.05 4.81 8.21 2.00 5.41 8.98 +0.05  +0.14 0.113
Zanzibar 7.48 13.90  15.42 7.18 12.05 1298 8.57 1219 11.67 +0.27  -043 0.057

P-values of a t-test for a significant difference in means
Note: Land values are winsorized at the 5% and 95 petcentile to address outliers. The magnitude of any change in average land prices does vary according to how

outliers are addressed, although a statistically significant increase in land prices is evident with all methods tried (e.g., maintaining all observations, dropping outliers, or
winsorizing within each year).
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5.2. Hedonic Analysis of Land Values

We turn next to an econometric analysis of the determinants of land prices. A Box-Cox
transformation, carried out on the pooled sample, indicates that the semi-log functional form is
" Consistent with the approach of others (e.g.,
Huang et al. 2006; Livanis et al. 2006), we therefore use the natural log of land values as our
dependent variable. This has the added benefit of a straightforward interpretation of coefficients.

more appropriate than a linear functional form.

For a continuous explanatory variable, a one-unit increase leads to a change of [100%£]% in land
value, while for a binary variable, the change is [100%(ef — 1)]%. Tt is possible for plot-level prices to
exhibit spatial autocorrelation, as when plot values are influenced by their neighbors' values (a spatial
lag structure) or when unobserved land characteristics in a given area are correlated (a spatial error
structure). When data are spatially referenced, it is therefore common to test for spatial
autocorrelation and, as appropriate, to model spatial relationships using a spatial weights matrix
(Patton and McErlean 2003). Unfortunately, the LSMS data set does not include the precise location
of each plot or even each household. In our models, region fixed effects'' are included to control for
unobserved administrative factors that may uniquely affect the land market within each region. This
is analogous to a spatial weights matrix with a weight of one for plots within the same region and a
weight of zero otherwise. Standard errors are also clustered at the district level to allow for the
correlation of error terms of nearby observations. '

Table 4 presents results of equation (1) when data from the three survey waves are pooled, " with
column 1 limited to cultivated plots and column 2 inclusive of all plots. Because several of these
variables may be collinear, we confirm that the mean variance inflation factor (VIF) in each column
is suitably low, with the greatest individual VIF below 5."* A VIF above 10 would indicate a problem
of multicollinearity (Wooldridge 2009: 99). The R® values of 0.33-0.35 are comparable to those
found in hedonic studies elsewhere (e.g., Livanis et al. 2000).

Results of Table 4 (column 1) show that, as hypothesized, the relationship between land value and
plot size is convex—the small parcel size preminm is evident in Tanzania. A plot located right beside the
homestead is associated with 30.7% (that is, 100*(e®%68—1)) higher land values. This may be
because it would only be sold together with the home, such that the plot's value is actually conflated
with that of the house. Several indicators of tenure security yield mixed results.

While both formal and less formal documents associated with the plot are significantly correlated
with higher land values, a farmer's confidence that a plot can be left uncultivated is not significantly
correlated with its value. As for indicators of agricultural potential, soil categorized as good is
associated with 12.7% higher land values, and while the coefficient on bad soil is negative, it is not
statistically significant (P=0.160). Slope is also not a statistically significant determinant of land

10Tn a Box-Cox test for the appropriate form of the dependent variable, in which 8=0 indicates a logarithmic
relationship, the value of theta is statistically significantly different from 0 at the 10% level (P=0.088). However, the
value is close to zero (8=0.028), and the test statistic for the linear form is several orders of magnitude larger.

1 Tanzania contained 26 administrative regions and 132 districts at the time of data collection.

12'This pooled analysis contains multiple observations on the same plots, suggesting that standard errors may be
clustered at the plot level to allow for correlation across same-plot observations. However, standard errors clustered at
the plot-level are smaller than those clustered at the district level. We therefore present the more conservative (district
level) results.

13 Results ate robust when considering land values from a single yeat.

14 At this step, elevation was removed from the model to limit collinearity with temperature.
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values. Higher rainfall is significantly correlated with higher land values, with a marginal increase of

100 mm rainfall associated with 3.9% higher land values, ceferis paribus. Several plot amendments also
significantly raise the value of land, including the presence of erosion control (leading to an increase
of 16.4%), irrigation (43.5%), and fruit trees or permanent crops (47.0%).

The influence of market and urban access on land values emerges clearly in these results. Location in
a rural area is associated with a 20.4% decrease in land values, on average and holding all else
constant. The coefficients on several measures of remoteness reveal a consistently negative relation
with land prices. An additional km from the nearest road, from the nearest town of at least 20,000
people, and from the nearest major market are associated with, respectively, 2.3%, 0.04%, and 0.02%
lower land values. We also proxy for market access with the household's observed market
orientation, or the proportion of crop value produced over the previous year that was sold. This is
positively and significantly associated with higher land values. Finally, local population density is also
positively and significantly associated with land prices, and this may reflect either land scarcity or the
urban (or urban-like) conditions associated with higher densities. "’

In column 2 of Table 4, the sample is expanded to include plots that were not cu/tivated in the past
year. This includes plots that were rented/given out, forested, fallow, or put to another use, as well
as some plots from which only tree crops/permanent crops were harvested. (As noted eatlier, the
latter seem to have been miscategorized during data collection.) Results show that a plot left fallow
is estimated to have a 7.3% lower value per acre. This may be a case of reverse causality in which the
less productive plots are those left in fallow. However, this pattern may also present a disincentive to
landowners considering whether to maintain soil fertility through fallowing, as it suggests that this
investment cannot be recouped in a potential land sale.

In order to verify that these results are not merely a reflection of potentially biased plot size
estimates, we now tepeat the analysis with a cross-section of plots from 2012/13 for which ateas
were measured. This directly affects the area measures and the dependent variable. We also make
use of additional information associated with precise plot locations, including the continuous
estimate of plot slope and the GPS-measured distance from the homestead. Note that these results
should be regarded with some caution, as there are systematic differences between plots that were
and were not measured. For example, measured plots are statistically significantly closer to a road
(on average, 1.6 km versus 4.8 km for all plots, P=0.000) and more likely to be held by a rural
household (on average, 90.3% versus 84.5% for all plots, P=0.000). Results of this cross-sectional
analysis, presented in Table 5, generally confirm the findings of the pooled analysis. However, there
are a few exceptions. Indicators of tenure security are no longer found to be significant determinants
of land value, though the coefficients are still positive. And an additional km from the nearest road
is now associated with a smaller penalty than previously estimated (1.3% versus 2.3% from Table 4,
P>y 2=0.020).

15> These results are very similar across different vatiations of this model, such as the exclusion of Zanzibar from the
sample or the inclusion of district (not region) fixed effects.
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Table 4. Determinants of Land Values, 2008/09, 2010/11, 2012 /13 (Pooled OLS)

(1) ()
Dependent variable:
Land value (In, TSh/acre)

Mean Values

(cultivated plots) Cultivated plots All plots
Coef P-value Coef P-value

Area (acres) 2.410 -0.052%** 0.000 -0.049%** 0.000
Area’ 0.0002***  0.000  0.0002%*** 0.000
1= At residence 0.334 0.268%** 0.000 0.254%** 0.000
1= Formal document 0.034 0.203** 0.030 0.278%** 0.002
1= Less formal document 0.069 0.241*#* 0.000 0.287%** 0.000
1= Can be left uncultivated 0.878 0.100 0.192
1= Forested 0.014 (all) -0.0001 0.999
1= Fallow 0.127 (all) -0.076* 0.057
1= Good soil quality® 0.474 0.120%** 0.000
1= Bad soil quality 0.064 -0.083 0.160
1= No slope (flat)* 0.623 0.018 0.602
1= Steep slope 0.046 -0.020 0.844
1= Pre-harvest crop loss on plot 0.450 -0.024 0.471
1= Erosion control 0.130 0.152%#* 0.005
1= Irrigated 0.024 0.361%* 0.024
1= Contains fruit trees or permanent crops 0.541 0.385%** 0.000 0.366%** 0.000
Proportion of crop value marketed 0.360 0.261%** 0.000
1= Rural household 0.896 -0.228** 0.019 -0.212%* 0.017
Distance to road (km) 2.112 -0.023%** 0.000 -0.005 0.227
Distance to town (km) 55.103 -0.004%** 0.001 -0.004*%** 0.001
Distance to major market (km) 78.658 -0.002** 0.039 -0.002%* 0.043
Population density (100s persons/km?) 5.201 0.005%** 0.005 0.005%** 0.002
Average annual temperature (10s °C) 220.053 -0.002 0.520 -0.001 0.681
Average annual rainfall (100s mm) 9.904 0.039%** 0.009 0.039%** 0.013
;:m‘?agrri‘(’i;ec"loglcal zone (AEZ) is warm/ 0.095 -0.231 0356  -0.254 0268
1= AEZ is warm/humid 0.013 0.150 0.660 0.220 0.536
1= AEZ is cool/semiarid 0.044 -0.087 0.660 -0.127 0.499
1= AEZ is cool/subhumid 0.374 -0.053 0.645 -0.049 0.651
1= AEZ is cool/humid 0.018 0.587** 0.047 0.632%* 0.030
1= Year 2010/11 0.190%** 0.005 0.166%* 0.011
1= Year 2012/13 0.158%** 0.000 0.118%** 0.005
Constant 12.215***  0.000 12.327%** 0.000
Region fixed effects (FE) Y Y
Observations 15,058 18,429
Adjusted R-squared 0.349 0.328
Mean variance inflation factor (VIF) 1.92 2.03

Standard errors clustered at district; *** p<0.01, ** p<0.05, * p<0.1.

Note: For column 1, 15,410 plots were categorized as cultivated and located within 50 km of the homestead, and 352 of
these observations are dropped (mostly in 2008/09) due to missing information. For column 2, 18,449 plots were
located within 50 km of the homestead, and 20 observations are dropped due to missing information. Column 2
contains 1,536 plots with some crop harvest (usually tree crops) that were not classified as cultivated.

2 Mean values of base groups: Average soil quality = 0.462; slight slope = 0.331; AEZ warm/sub-humid = 0.456.
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Table 5. Determinants of Land Values, 2012/13 — Based on GPS Measurements (OLS)

Dependent variable:
Land value (In, TSh/acre)

Cultivated plots
Coef P-value

Area (acres) -0.04 1 %** 0.000
Area’ 0.0002%** 0.000
1= At residence 0.286%** 0.000
1= Formal document 0.117 0.386
1= Less formal document 0.060 0.524
1= Can be left uncultivated 0.067 0.580
1= Good soil quality 0.194*** 0.000
1= Bad soil quality -0.122 0.256
Plot slope (%) -0.007 0.171
1= Pre-harvest crop loss on plot -0.044 0.473
1= Erosion control 0.187%* 0.076
1= Irrigated 0.020 0.921
1= Contains fruit trees or permanent crops 0.428%** 0.000
Proportion of crop value marketed in this year 0.247** 0.015
1= Rural household -0.066 0.638
Distance to road (km) -0.013* 0.087
Distance to town (km) -0.006%** 0.000
Distance to major market (km) -0.002* 0.083
Population density (100s persons/km?) 0.008** 0.026
Average annual temperature (10s °C) -0.002 0.506
Average annual rainfall (100s mm) 0.060*** 0.002
1= Agro-ecological zone is warm/semiarid -0.115 0.658
1= warm/humid -0.077 0.842
1= cool/semiarid 0.018 0.936
1= cool/subhumid -0.090 0.499
1= cool/humid 0.193 0.498
Constant 12.223%%** 0.000
Region FE Y

Observations 4,590

Adjusted R-squared 0.367

Mean VIF 1.44

Standard errors clustered at district; *** p<0.01, ** p<0.05, * p<0.1
Note: Of the plots that were measured in 2012/13, 4,604 were categotized as cultivated and located within 50 km of the
homestead. Fourteen observations are dropped due to missing information.
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We next exploit the fact that individual plots were tracked over the survey years by setting up a plot
fixed effects analysis to explore how a plot's value adjusts to changes in time-variant explanatory
variables. Equation (1) is augmented with a plot fixed effect and limited to the plots that were
tracked and consistently cultivated in all three panel waves. The plot fixed effect is intended to
capture all time-invariant characteristics of these plots, including those observed in the data that
would not change over such a short time interval (e.g., distance to town or local climate conditions),
as well as characteristics that are unobserved (e.g., tillability of the soil or the extent to which the
clan exercises control of the plot). As plot characteristics that would determine farm profits are
omitted, the net value of crop production is now included as a regressor. Because 26.3% of plots
captured in 2008/09 were not traced over the next two panel waves, we first test our model for
attrition bias with a dummy-variable regression-based method (Wooldridge 2002: 577). Inclusion in
the subsequent sutvey wave is a statistically significant correlate of a plot's land value (8= 0.18,
P=0.0206), suggesting that patterns of attrition may, indeed, bias our results. We, therefore, apply
inverse probability weights to control for the likelithood of inclusion over three survey waves, with
the determinants of consistent inclusion comprising a large set of plot- and household-level
characteristics in 2008/09. (However, results without any adjustments to the population weights are
very similar.)

Results in Table 6 show that when a plot acquires an informal document, such as a letter of
allocation, its value increases by an estimated 21.3% (that is, 100%(%193—1)), and this is significant
at the 5% level. This seems to highlight the importance of informal documents in local systems of
tenure security in Tanzania. When a farmer feels confident that their land can be safely left
uncultivated, the estimated value also increases by 17.5%. Two variables related to agricultural
productivity lend weight to the argument of a causal relationship with land values, now that we have
controlled for time-invariant plot characteristics. Specifically, a 1% increase in the value of crop
production is associated with a 0.01% increase in the perceived value of the farmland, while the
experience of pre-harvest crop loss is associated with a 10.4% decrease in the perceived value.
Finally, when a farmer adds fruit trees or other permanent crops to a plot, this also boosts the
estimated value by 10.6%.
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Table 6. Determinants of Land Values, 2008/09, 2010/11, 2012 /13 (Plot Fixed Effects
Regression)

Dependent variable:
Land value (In, TSh/acre)

Coef P-value

1= Formal document 0.029 0.776
1= Less formal document 0.193%%* 0.010
1= Can be left uncultivated 0.161** 0.023
Net value of crop production in past year (IHST, TSh/acte) 0.012%%* 0.002
1= There was pre-harvest crop loss on this plot -0.110%** 0.003
1= Any type of erosion control on this plot 0.065 0.291
1= Plot was irrigated in main season 0.083 0.685
1= Plot contains some fruit trees or permanent crops 0.101* 0.080
Proportion of crop value produced that was sold in this year 0.041 0.614
1= Year 2010/11 0.168%** 0.000
1= Year 2012/13 0.249%* 0.000
Constant 12.299%** 0.000
Plot FE Y

Observations 6,934

Number of plots 2,316

Within R-squared 0.029

Standard errors clustered at household; *** p<0.01, ** p<0.05, * p<0.1

Note: Of the plots that were tracked, 2,388 were located within 50 km of the homestead and cultivated in every wave
(approximately 24% of plots were cultivated in just one or two years), and 24 observations are dropped due to
missing information. Results are similar when using an unbalanced panel.
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6. DISCUSSION AND CONCLUSIONS

This analysis of land values has produced several key findings related to land in Tanzania. First,
although farmer-estimated land values might be regarded with skepticism by some analysts, we have
provided evidence on both the existence of a land market in Tanzania and on the validity of these
price estimates. Specifically, we find that land values are positively correlated with the net value of
crop production per acre. This reasonable finding suggests that farmers are, indeed, able to make an
informed estimate of the monetary value they would receive if they were to put their land up for
sale. Second, consistent with anecdotal evidence on rising land prices, we confirm that average land
values in Tanzania rose significantly over this four-year interval. This increase was especially
pronounced between 2008/09 and 2010/11, though prices remained high in 2012/13. A higher
price tag may move land out of reach of Tanzania's poorest citizens. This concern deserves attention
from policy makers, as rural youth may have few other employment options (Filmer and Fox 2014),
and if this self-employment path were closed to aspiring farmers, we propose that the effects could
be potentially wide-ranging and destabilizing for Tanzania's economy. Further research is needed to
determine the extent to which land buyers (or renters) are able to earn a return on their investment.

Third, our hedonic analysis reveals that tenure security, as represented by land-related documents
associated with specific plots, is a significant determinant of land values. What's more, this
correlation is not only limited to formal documents, such as certificates of customary rights of
occupancy. While programs often devote attention to the benefits that accrue from formal land titles
(Sjaastad and Cousins 2008), it seems that informal documents, such as unofficial sales contracts or
letters of inheritance, also play a role in local systems of tenure security. Fourth, farmland values are
only partially explained by agricultural factors, and the influence of market and urban access on land
prices in Tanzania is substantial. This is evident in the statistically significant relationships between
prior market orientation or distance to town and the value of land. It is not possible to untangle how
much this reflects the greater agricultural revenues that accompany more favorable market access,
versus the potential to convert farmland to residential or other urban uses. Nevertheless, this pattern
echoes the insight of von Thiinen (1842) that farmland values are derived from attributes beyond
mere agricultural productivity.

We conclude with a comment on promising directions for future research on land values in
Tanzania and Sub-Saharan Africa. A number of factors, not captured in this paper, are likely
determinants of land prices. These include local market structures and the extent to which market
power is held by different actors, as well as local institutions that facilitate or regulate the land
market. Some tribes, for example, may require their members to prioritize transactions with other
tribe members, ensuring that land is exchanged at below-market values (see Wineman and
Liverpool-Tasie 2015). Even in the U.S., farmland transactions between related parties or friends are
accompanied by a sharp price discount (Tsoodle, Golden. and Featherstone 2006; Robison, Myers,
and Siles 2002). Thus, the most likely transaction partner may affect respondents' estimates of their
land values in a household survey. Another variable not well-captured in our analysis is the effect of
population growth on land prices, with a focus on whether this reflects #atura/ population growth
(i.e., fertility trends and mortality rates) or in-migration. (Recall that our measure of local population
density was not time-varying.) A final factor of interest may be the influence of large-scale land
acquisitions by foreign or domestic investors on local land prices. In settings of land scarcity, this
could logically place upward pressure on land prices. While a number of studies focus on the
employment or productivity spillover effects of large commercial farms in rural Sub-Saharan Africa

19



(e.g., Ali, Deininger, and Harris 2016), an analysis of ripple effects within the local land market is
thus far missing.

Though the vast majority of land transactions in Tanzania take place on the informal market
(USAID 2011; Wineman and Liverpool-Tasie 2016), and may therefore be challenging to track, the
collection of data on realized sales prices would be instrumental to discern the extent to which the
farmer-estimated land values analyzed in this paper seem to reflect actual sales values. Such data
would shed light on whether some categories of farmers (for example, those with low levels of
education) systematically under-estimate the value of their land, thereby drawing down the price
received through negotiation in the event of a sale. Data on realized sales prices can also be used to
determine the extent to which land sales motivated by distress are characterized by depressed prices.
This leads to yet another motivation to seek a better understanding of land values in Sub-Saharan
Africa: When engaging with the land market, poor people need to know the fair price that can be
expected, and should be able to make an informed decision on whether to sell or buy sooner versus
later. As yet, knowledge of non-commercial land values is quite thin—though much can be gained
by changing that.
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