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Abstract. Land degradation is a widely discussed and pressing global issue, as highlighted in the UN
Sustainable Development Goals (SDGs). Understanding the extent of land degradation and its impact on
agriculture requires precise research and an interdisciplinary approach due to the complexity of factors
and indicators that characterize the issue. This paper focuses on one of Russia’s key agricultural regions,
Samara Oblast, to examine how land degradation of agricultural soils affects crop production at the farm
level. The dataset used in the study includes farm inputs (costs, land, and labour) and land quality variables,
such as organic content (humus), levels of land degradation and soil erosion, as well as climate indicators,
at the municipal level. To analyse the relationship between land degradation and agricultural output, the
stochastic frontier analysis (SFA) was employed. This method not only estimates the parameters of a classic
production function but also accounts for errors in the model by evaluating parameters related to risk and
technical inefficiency. The results indicate that the proportion of degraded land in a district of the given
region moderately reduces the maximum potential for crop production. In contrast, most inputs—such as
production costs, cropland area, and labour—contribute positively to output. The study suggests that both
the method and the estimates could be refined if data on land degradation, alongside other economic and
environmental indicators, were collected and published annually.
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NCCNIEQOBATEJIbCKAS CTATbS

A.C.Cmpokos
PAHXwuIC, . MockBa, Poccuitckas denepaums

AHanus BA1aHUA perpapaumm 3eMenb Ha NpousBoOACTBO
CeNbCKOXO3SIMCTBEHHOM NPOAYKLMU C MOMOLLbIO MPOU3BOACTBEHHOM
(QYHKUMM CO CTOXACTUUYECKOW FPaHULLEN

AHHOTauums. [lerpafaunsa 3eMenb — BaxHaa npobnemMa coBpeMeHHOro obuecTsa, KOTopas Hawna CBOé
oTpaxeHue B Lenax ycronumsoro passutna OOH (LLYP). MacwTab perpapaumu 3eMenb U e€ BAusHUE
Ha CENbCKOXO039MCTBEHHYH AeSTeNbHOCTb MPUBOAAT K HEO6XO0AMMOCTM NOAPOOHOIO MCCNEef0BaHUS U MpU-
MEHEHUS MeXAMCLMNIMHAPHOIO NOAX0AA C YYeTOM Creunduyeckmx YepT U MHOAMKATOPOB, XapaKTepusy-
OLWMX faHHOe siBNeHue. B HacTosiweln npeacTaBneH aHanm3 BAUSHUS Lerpajauumn 3eMeb CenbCKOX03si-
CTBEHHOrO HAa3HAYeHMs Ha BbINYCK MPOAYKLMM PaCTEHNEBOACTBA HA YypOBHe hepM B OAHOM M3 K/OYEBbIX
arponpoMbllLieHHbIX pernoHoB Poccun — Camapckoit obnactu. B kauyecTBe faHHbIX MCNOMb30BAHbI MOKa-
3aTenu, XapakTepusyoLme CpeacTBa CeNbCKOXO35SMCTBEHHOMO NPOM3BOACTBA (3aTpaThl, NN0LWAAb BO3AENbI-
BaeMbIX 3eMeJb, TPYL0BbIE PECYPChI), @ TAaKXKe MOKa3aTeM KayecTBa NoYB, TaKMe Kak COLepXKaHWe OpraHu-
Yyeckux BELLeCTB (rymyca), 40N AerpaavpoBaHHbIX 3eMenb, 3p03Ms MoyB. 19 BbISBNEHMS B3aMMOCBA3M
Mexay Aerpagauueit 3eMeNb U BbIMYCKOM CeNbCKOXO3SMCTBEHHOM MPOLYKLMKM MCMOMb30BaH METOoA, npo-
M3BOACTBEHHOM (PYHKLMM CO CTOXACTUUYECKOM rpaHMLLEN, MOCKONbKY OH He TO/IbKO NO3BONSET OLEHUTb Na-
paMeTpbl KNacCMYeckon NpOU3BOACTBEHHON PYHKLMM, HO U YYMTbIBAET OLIMOKM MOLENN B 4ACTU PUCKOB
M TeEXHUYeCKOM HeapdeKTMBHOCTW. Pe3ynbTaTbl MCCNeA0BaHUS NOKa3anu, YTo LONS AerpaguMpoBaHHbIX 3e-
Menb B KOHKPETHOM PermoHe yMepeHHO BAMSIET HA NOTEHUMAN pacTeHMEBOAYECKOM Npomykumuu. B 1o xe
Bpems 60nbluas YacTb GaKTOpOB NPOU3BOACTBA, TAKMX KaK 3aTpaTbl HA MPOWM3BOACTBO, M/OLAAb NOCEBOB,
TPYAOBbIe pecypcbl, HANPOTMB, MO3BOJNSOT YBENNYUTb MPOM3BOACTBO. MCMONb3yeMblii METOL, U NOMYYEHHbIe
OLLEHKM MOTYT ObiTb YNyYLLIEHbl, eC/IN MOSBUTCS BO3MOXHOCTb eXerogHoro cbopa u nybnukauuMn OaHHbIX
0 ferpajauuu 3eMenb U APYrux IKOHOMUYECKUX U IKONTOTMYECKUX MHAMKATOPaX.

KnioueBble cnoBa: ferpagauuns 3emesb, 3p03u1s NOYB, NPOM3BOACTBEHHbIE YHKLMM B CENbCKOM X03iCTBE, METOL, CTOXACTH-
YeCcKom rpaHuLbl

BnaropgapHocTtb. Paboma nodzomoeneHa 8 pamkax 2ocyoapcmeeHHo20 3adaHust PAHXul'C 3a 2024 2. Asmop 8bipaxcaem npu3Ha-
mensHoCMb c8oUM Konnezam [eHucy TepHosckomy, AnekcaHope EnaHckoli u Ekamepure LluwkuHoli (LleHmp azponpodososs-
cmeeHHol nonumuxu UMM PAHXulC, Mocksa) 3a nomouib 8 nosy4eHuU OGHHbIX U NOME3HbIE COBEMbI N0 COOEPHAHUK CMamsu.
A makwe xody nobnazooapume CaguHa Meops tOpsesuya (MoyseHHsil uHcmumym um. B.B. lokyuaega, Mockea) 3a npedocmas-
J1eHUe OGHHbIX No 0e2padayuu 3emes Ha yposHe MyHUyuUnaaumemos. 5 makxe 6ngeodapeH npogeccopy XaliHpuxy XoKMaHHy
(MAMO, [anne, l[epmaHus) 3a €20 3HAHUS U pyko8oOCM8o 80 8peMsi coeMecmHoli pabomel nemom 2012 2., K020a MHe 8b6iNa WAHC
Hay4umsCs 8CeM CAI0MHOCMSAM pabomsl ¢ QyHKUUSMU CO cmoxacmuyveckol epaHuyel. MHe nompebosanocs 11 nem, 4mobsbi Ha-
yame ceoe cobcmeeHHoe uccedosaque no 3moli meme. Boipawaro c8or npusHamenbHOCMe peyeH3eHmy, YsUu KOMMeHmMapuu no-
380/1UNU Y2ay6UMb GHANU3 U yAy4LWUMe CMamsHo.

[na umtuposanusa: Crpokos,A.C. (2024). AHanu3 BAUSHUS Aerpajauun 3emMenb Ha NPOM3BOACTBO CENbCKOXO3AMCTBEHHOWM
NPOAYKLMN C MOMOLLbI0 NPOM3BOACTBEHHOMMYHKLMM CO CTOXAaCTUYECKON rpaHuuen IkoHomuka peauoHa, 20(4), 1161-1174.
https://doi.org/10.17059/ekon.reg.2024-4-12

Introduction to “combat desertification, restore degraded land
and soil, including land affected by desertification,
drought and floods, and strive to achieve a land

Land degradation is a pressing global
challenge, featured in the United Nations

Sustainable Development Goals (SDGs) for 2030,
particularly in Goals 12 (Sustainable Consumption
and Production) and 15 (Life on Land). Goal
12 states that “land degradation, declining
soil fertility, unsustainable water use ... are all
lessening the ability of the natural resource base
to supply food”!. One of the targets of Goal 15 is

! See “Facts and figures” for Goal 12 at this link — URL:
https://www.un.org/sustainabledevelopment/sustainable-
consumption-production/ (date of access 1 December 2023).
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degradation-neutral world”2.

Land degradation as a research problem
requires a comprehensive and consistent
approach, as recent studies reveal significant
variations in estimates. Nkonya et al. (2016) found
that differences in methodology, scale, and the
inclusion of ecosystem service values result in

2 See “Goal 15 targets” at this link — URL: https:/www.
un.org/sustainabledevelopment/biodiversity/ (date of access 31
October 2024).
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global cost estimates ranging from $21 billion to
$9,400 billion (in 2007 USD). Soil erosion, a key
indicator of land degradation, represents the loss
of soil from a specific area, typically measured
in tons of soil or organic matter per hectare. The
FAQ’s Global Soil Partnership reports that annual
soil loss from arable land can reach up to 75 billion
tons, leading to financial losses of nearly $400
billion each year!. Borrelli et al. (2017) critique
previous estimates of soil erosion and propose
a new methodology that highlights the effects
of land use changes—such as deforestation and
the conversion of natural land to cropland—and
rainfall on soil erosion. Their findings indicate
that current global soil losses amount to 36 billion
tons per year, with an average global erosion rate
of 2.8 tons per hectare annually, which is nearly
half of the FAQ’s earlier estimate. The latter was
developed into modern spatially explicit tool
named Global Soil Erosion map? with estimates
for every country of the world for years 2001 and
2012.

Among countries with extensive cropland
areas, Russia stands out for having one of the
lowest soil erosion rates (Sartori et al., 2019). In
contrast, countries like Brazil, the USA, India,
Australia, and China have soil erosion rates at least
3—4 times higher than Russia’s. This disparity is
primarily due to significant land use changes, such
as deforestation and the conversion of natural
lands into cropland, as well as greater climate
vulnerability (Sartori et al., 2019; Borrelli et al.,
2017). In Russia, much of the current research on
soil erosion focuses on comparing present rates
to those of the Soviet era, typically the 1980s.
These studies often highlight a reduction in
cropland areas and corresponding declines in soil
erosion rates, particularly in the European part of
Russia (Golosov et al., 2018; Litvin et al., 2017;
Ivanov, 2018). For example, Litvin et al. (2017)
analysed average soil erosion rates from 2012-
2014 compared to 1980 for several regions in this
area. In Samara Oblast, erosion rates decreased
by 13.8 % in the forest-steppe zone and by 11.7 %
in the steppe zone. According to the Global Soil

! See article “Global Soil Partnership Endorses Guidelines
on Sustainable Soil Management”. URL: http://www.fao.org/
global-soil-partnership/resources/highlights/detail/en/c/416516
/ (date of access 31 October 2024).

2 See https://esdac.jrc.ec.europa.eu/content/global-soil-
erosion#tabs-0-description=0 (accessed multiple times between
2021 and 2022, with the most recent access on October 31,
2024). We contacted the authors of this database to obtain the
data for Russia, which we then disaggregated to the regional
level (1st administrative level, or “oblast”) and municipal level
(2nd administrative level) to estimate soil erosion rates.

Erosion map, the average soil erosion rate in
Samara Oblast in 2012 was 0.28 tons per hectare,
slightly lower than the 2001 level of 0.29 tons per
hectare per year (Borrelli et al., 2017). These rates
are significantly lower than earlier estimates for
cropland erosion in Samara, which reached 2.2
tons per hectare annually in 1995 (Litvin, 2002).
This raises the question: where does the truth
lie, and what are the implications for farmers’
practices?

To estimate the impact of land degradation on
farm output (focused solely on crop production),
we use farm-level data from the 2013-2016 period,
as no more recent data (post-2020) is currently
accessible. While this may seem outdated, there
are several reasons why an analysis of this past
period remains relevant and valuable for readers.

Over the last 11 years (2014-2024), the
Russian economy has faced two distinct waves
of international sanctions. The “second wave”
of sanctions, starting in 2022, continues to
impact current growth rates (Simachev et al.,
2023). However, there has been little in-depth
analysis of farm-level factor productivity during
the “first wave” of sanctions in the 2014-2016
period. Previous research indicates that, at the
macro level, Russian agriculture maintained
steady growth despite the 2014 sanctions (Uzun,
Shagaida, & Lerman, 2019) and even in 2022
(Shagaida & Ternovskiy, 2023). This resilience was
supported by factors such as high growth rates
in labour, feed production, livestock numbers
(Seitov, 2023), and innovation (Orlova & Nikolaev,
2022). These factors have laid a solid foundation
for continued production growth for a period
until 2030 (Ushachev, Kharina, & Chekalin, 2022).
Understanding the contributions of both on-farm
factors (e.g., production inputs) and off-farm
influences (e.g., land degradation and climate)
offers valuable insights from a microeconomic
perspective. Our integrated model,which combines
these factors, contributes to interdisciplinary
discussions on soil erosion and land degradation.
Literature reviews show that environmental and
economic factors are often studied separately,
especially in Russia, where research mainly
focuses on land degradation (Zhidkin, Komissarov,
Shamshurina, & Mishchenko, 2022; Kust,
Andreeva, Lobkovskiy, & Annagylyjova, 2023).
Although models integrating economic and
ecological factors exist, they are typically based
on state-level data (Agheli, 2023). This leaves
significant gaps in understanding of micro-level
impacts, for example, how land quality affects crop
and food production. Similar analyses are more
common in international studies (e.g., Fentahun,

JKoHOMMKa peruoHa, T.20, Bbin. 4 (2024)
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Amsalu, & Berhanie, 2023; Patault et al., 2021;
Kucher, 2019). Our research seeks to address
this gap by exploring farm-level effects and the
consequences of natural resource degradation,
offering a more comprehensive view of the
interplay between environmental and economic
factors.

In the next section (Description of the Focus
Region) we analyse the level of land degradation
and crop yields in the districts of Samara Oblast.
Next comes Materials and Methods part, where
the theoretical issues of using land quality or land
degradation concepts in economic literature are
given, and analysis of empirical methods for such
type of economic research is revealed. For our case
we choose a production frontier analysis approach
with estimation of production function along with
error (risk) function, and technical inefficiency
function. In the Results section we analyse
regression results. In the Discussion section we
explain the accuracy of our methods, and how
they are related with previous research on this
problem. Finally, in Conclusions we describe our
recommendation for the Russian Government for
better agricultural bookkeeping and organizing
proper data collection for land degradation
quantity and particularly soil erosion data.

Samara Oblast: Regional Profile

Russiaisone oftheworld’s largest breadbaskets,
and Samara Oblast, with over 1 million hectares
of cultivated cropland along the Volga River, is
particularly notable in this regard. Samara Oblast
is a relatively low productivity region where some
of the districts are located in the dry steppe area
(Litvin, 2002; Litvin et al, 2017) and might suffer
from land degradation (particularly soil erosion),
and climate vulnerability (Pavlova and Varcheva,
2017). Recent research provides data on current
levels of nutrient content in the soil in different
districts of Samara Oblast (Gnedenko and
Obushenko, 2013; Chekmarev and Obushenko,
2016), but does not offer recent estimates of soil
erosion rates or other land degradation indicators.
These data are not publicly available from regional
Agrochemistry services, the main source of soil
data in Russia (Lukin, 2016). Figure 1 illustrates
the share of degraded land among agricultural
areas in the district based on earlier research
(Stolbovoy et al., 1999). The colours indicate the
level of degradation: light blue — less than 10 %,
pink — 11-20 %, orange — 21-40 %, grey — 41—
50 %, and brown — 51-76 %.

Figure 1 shows that most of the degraded
districts are concentrated in the eastern part of
the region, which has a steppe climate (mostly

Ekonomika Regiona [Economy of Regions], 20(4), 2024

dry with low average precipitation). Figure 2
illustrates the distribution of average crop yields
across municipal districts, showing a decline in
yields from the western part of the region to the
eastern and south-eastern districts. A comparison
of Figures 1 and 2 reveals a pattern—though not
in all districts—that higher-yielding areas tend to
be located on the left bank of the Volga River or in
the northern part of the region, where the amount
of degraded land is relatively low (10-20 % of the
municipal agricultural area).

The eastern and south-eastern parts of the
region have larger areas of degradation, with
more than 40 % of the land affected, and in some
districts degradation exceeds 50 %. In these areas,
average crop yields are 15-30 % lower than those
in districts near the Volga River. This observation
led to the following hypothesis: land degradation,
particularly the extent of degraded land, negatively
impacts crop production and vyields in these
districts. Unfortunately, no open-access data on
the most recent land degradation estimates for
Samara Oblast is available. While several studies
discuss soil erosion issues, they lack spatially
explicit data (Ibragimova and Kazantsev, 2013;
Tsarev, 2018). Therefore, the Global Soil Erosion
Map estimates (Borrelli et al., 2017) were used to
obtain the most up-to-date soil erosion data for
the districts of Samara Oblast. These data were
then reorganized (upscaled) to the municipal
level, as shown in Table 1.

Table 1 shows that the soil erosion rate in
Samara Oblast ranges from 0.02 to 0.77 tons
of depleted soil per hectare per year, which is
significantly lower than the global average of 2.8
tons per hectare, as reported by Borrelli et al.
(2017). My analysis of district data reveals little
change in soil erosion rates across most districts.
According to Borrelli et al. (2017), this is mainly
due to minimal land use changes in the region,
unlike in Brazil, where erosion rates are much
higher. The only districts with noticeable changes
are Alekseevskiy (in the south-eastern part of the
region) and Bezenchukskiy (on the right bank of
the Volga River), where soil erosion rates decreased
between 2001 and 2012.

Materials and Methods

Landqualityhasbeenacentraltopicineconomic
literature since the late 1700s. Malthus (1798)
assumed land to be homogeneous with constant
crop vields, leading to predictions of extensive
land expansion and a finite amount of food
production—insufficient to meet the nutritional
needs of a growing population. In contrast, Ricardo
(1817) recognized the heterogeneity of land

www.economyofregions.org
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Disrict's name
1 Sergievskiy rayon
2 Pokhvistnevskiy rayon
3 Bogatovskiy rayon
4 Isaklinskiy rayon
5 Kamushlinskiy rayon
6 Klyavlinskiy rayon
5 Pestravskiy rayon
8 Syzranskiy rayon
9 Krasnoarmeyskiy rayon
10 Neftegorskiy rayon
1 Bol'sheglushitskiy rayon
12 Bol'shechernigovskiy rayon
13 Bezenchukskiy rayon
14 Stavropol'skiy rayon
15 Kinel'-Cherkasskiy rayon
16 Koshkinskiy rayon
17 Khvorostyanskiy rayon
18 Shigonskiy rayon
19 Privolzhskiy rayon
20 Krasnoyarskiy rayon
21 Volzhskiy rayon
22 Elkhovskiy rayon
23 Borskiy rayon
24 Alekseevskiy rayon
25 Kinel'skiy rayon
26 Shentalinskiy rayon
27 Samara City Council
28 Chelno-Vershinskiy rayon
B from51to 76% [ ] from11to20%
[] from 41 to 50% [ ] lessthan10%
[ ] from21to40% [ ] nodata

Fig. 1. The share of degraded land in the agricultural areas of Samara region, %
Source: Compiled by the author using data from Stolbovoy et al. (1999) and a map of the region with district borders sourced from
an open-access photo on the Wikipedia page of Samara Oblast. URL: https.//ru.wikipedia.org/wiki/®atin:Location_Of_Volzhsky._
District_(Samara_Oblast).svg — latest access on 31 October 2024.

quality, noting that marginal land, when brought
into production, often requires additional capital
inputs compared to more fertile land. Similarly,
Marshall (1890) acknowledged the natural fertility
of soils but emphasized how human intervention
and technology can enhance natural processes to
improve the productivity of cultivated plots.

In the 20th century, particularly in post-war
literature, these foundational concepts were
empirically tested using data and primarily
ordinary (log-linear) Cobb-Douglas production
functions (see overviews in Heady & Dillon,
1973; Walpole, Sinden & Yapp, 1996). In these
studies, land was typically treated as a spatial
(terrestrial) input rather than a qualitative factor.
Later, MacCallum (1967) identified soil erosion,
or more broadly land degradation, as one of the
most critical land quality variables influencing
production outputs. MacCallum suggested that
land degradation could be mitigated by increasing
the application of certain inputs, such as fertilizers.
While this approach can boost output, the gains are

lower compared to production on non-degraded
land. However, in cases of severe land degradation,
such as extreme soil depletion, additional inputs
may fail to restore productivity, resulting in a
flat production curve despite increased input use
(see Walpole, Sinden & Yapp, 1996 for a graphical
interpretation).

This study aims to test this hypothesis using
a stochastic frontier analysis (SFA) approach on
data from farms in Russia’s Samara Oblast. This
method is particularly suitable because it assumes
that firms produce below their potential output
due to inefficiencies. The goal is to identify the
key drivers of risk and inefficiency, which may
arise not only at the firm level but also from
external factors such as environmental or regional
conditions. Land degradation is a prime example
of such an external factor, making it a compelling
case for this analysis.

Stochastic production frontier models were
first introduced in the mid-1970s (Aigner, Lovell,
and Schmidt, 1977; Meeusen and van den Broeck,

JKoHOMMKa peruoHa, T.20, Bbin. 4 (2024)
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1977). Since then, they have become a prominent
subfield in econometrics (see Kumbhakar
and Lovell, 2000), particularly in agricultural
economics (Kumbhakar, 2002). These models are
frequently used to evaluate the drivers and extent
of technical inefficiency in agricultural farms
across specific territories (e.g., Kumbhakar, Lien &
Hardaker, 2014 for Europe; Gataulina, Hockmann,
and Strokov, 2014; Belyaeva, Hockmann, and
Koch, 2014; Bokusheva and Hockmann, 2005 for
Russia; and Karimov, 2014; Tleubayev et al., 2017
for Central Asia). Notably, none of these studies
included land degradation—or even land quality—
as a variable in their analyses. This paper seeks

to address that gap by taking the first steps in
incorporating land degradation into stochastic
frontier models as either an input or a fixed-effect
variable.

This paper employs an extended version of
the conventional production function, known as
the risk production function. This approach is
particularly suitable because it hypothesizes that
land degradation increases risks in agricultural
production, leading to reduced output or
diminished land productivity, as previously
suggested by MacCallum (1967) and Walpole,
Sinden & Yapp (1996). Unlike traditional methods,
this model enables a clear distinction between

Disrict's name
1 Sergievskiy rayon
2 Pokhvistnevskiy rayon
3 Bogatovskiy rayon
4 Isaklinskiy rayon
5 Kamushlinskiy rayon
6 Klyavlinskiy rayon
5 Pestravskiy rayon
8 Syzranskiy rayon
9 Krasnoarmeyskiy rayon
10 Neftegorskiy rayon
11 Bol'sheglushitskiy rayon
12 Bol'shechernigovskiy rayon
13 Bezenchukskiy rayon
14 Stavropol'skiy rayon
15 Kinel'-Cherkasskiy rayon
16 Koshkinskiy rayon
17 Khvorostyanskiy rayon
18 Shigonskiy rayon
19 Privolzhskiy rayon
20 Krasnoyarskiy rayon
21 Volzhskiy rayon
22 Elkhovskiy rayon
23 Borskiy rayon
24 Alekseevskiy rayon
25 Kinel'skiy rayon
26 Shentalinskiy rayon
27 Samara City Council
28 Chelno-Vershinskiy rayon
[ ess than 15 centner per ha [[] from 19,1 to 20 centner per ha
[ ] from 15 to 18 centner per ha I from 21 to 26 centner per ha
[ ] from18,1to19centnerperha [ | nodata

Fig. 2. Average crop yields of grain equivalent in agricultural organizations of Samara Oblast, centner’ per ha
Source: made by the author using municipally aggregated data from Rosstat? and the map of the region?

Comment: The data for Figure 2 were compiled using production volumes of grain, sunflower, soybean, potatoes, and vegetables
from 2012 to 2019 in agricultural organizations of each district. Each crop was then converted into grain equivalent using the
coefficients specified in Russian Ministry of Agriculture Decree N° 330 (6 July 2017): 1 for grain, 1.47 for sunflower, 1.17 for soybeans,
0.25 for potatoes, and 0.16 for vegetables. The grain equivalent for each crop was summed annually and divided by the total crop
area of these five crops. Finally, the average 8-year grain equivalent yield was calculated for each district.

Comments: Soil erosion values for Kamushlinskiy and Klyavlinskiy districts were taken from Isaklinskiy district (located in the
northern part of the region) because the European raster map showed these two districts as part of Isaklinskiy due to outdated
boundaries on the European map, which made it impossible to separate the districts accurately.

11 centner = 10 kilograms.

2 URL: https://rosstat.gov.ru/dbscripts/munst/ - latest access on 31 October 2024.

5 See comment (6).
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Table 1

Comparing soil erosion data with crop yield data for districts of Samara Oblast

Average crop yield for Soil erosion Soil erosion average
District 2012-2019, centner of grain| average in 2001, | in 2012, t per ha per

eq. per ha t per ha per year year
Sergievskiy 19.50 0.77 0.77
Pokhvistnevskiy 19.40 0.58 0.58
Bogatovskiy 18.30 0.49 0.49
Isaklinskiy 16.36 0.40 0.40
Kamushlinskiy 15.63 0.40 0.40
Klyavlinskiy 14.64 0.40 0.40
Pestravskiy 17.60 0.34 0.34
Syzranskiy 19.30 0.33 0.33
Krasnoarmeyskiy 18.65 0.32 0.32
Neftegorskiy 14.57 0.32 0.32
Bol’sheglushitskiy 17.79 0.31 0.31
Bol’shechernigovskiy 14.36 0.29 0.29
Bezenchukskiy 23.38 0.34 0.28
Stavropol’skiy 24.59 0.26 0.26
Kinel’-Cherkasskiy 18.34 0.25 0.25
Koshkinskiy 24.35 0.24 0.24
Khvorostyanskiy 18.39 0.24 0.24
Shigonskiy 25.16 0.23 0.23
Privolzhskiy 21.08 0.26 0.23
Krasnoyarskiy 17.90 0.23 0.20
Volzhskiy 18.18 0.20 0.20
Elkhovskiy 18.18 0.17 0.17
Borskiy 16.13 0.14 0.14
Alekseevskiy 12.37 0.18 0.12
Kinel’skiy 19.10 0.11 0.11
Shentalinskiy 15.28 0.07 0.07
Samara City Council n.a. 0.04 0.04
Chelno-Vershinskiy 21.98 0.02 0.02

Source: for soil erosion the Global Soil Erosion Map was used, and for crop yields, Rosstat data. See Comments for Figure 2.

the impacts of individual inputs on risk and
efficiency. The risk production function was
initially introduced by Just and Pope (1978) and
later refined by Kumbhakar (2002). Detailed
applications of this method in agricultural
contexts, incorporating land acreage as one
of the inputs, are described in Gataulina,
Hockmann, and Strokov (2014). A prior study
focusing specifically on Samara Oblast, using
farm data from the 1990s, is found in Bokusheva
and Hockmann (2005).

In this analysis, the following specification is
applied:!

y=fx 5500 +gx; Vv - qx, s, ¢, h; O)u (1)

with f (x, s; a) as production function;

! Symbols in bold represent vectors or matrices, while all other
variables are scalars. Subscripts are omitted in the equations for
improved readability.

g (x; y) as risk function;
q (x, s, c, h; 0) as inefficiency function.

In this analysis, y represents output, and x is
a vector of inputs. For this case, s denotes the
land degradation variable, h represents humus
(organic) content in the soil, and c refers to
climate indicators. a, y, and 0 are the parameter
vectors to be estimated. This specification differs
from previous studies (e.g., Gataulina, Hockmann,
and Strokov, 2014) in that dummy variables are
not used. Instead, fixed effects at the district level,
such as land degradation, land quality (share of
organic content in the district’s soil), and climate
indicators, are applied to analyze their impact
on the production function, risk, and technical
inefficiency functions.

As described by Gataulina, Hockmann, and
Strokov (2014), output variation is decomposed
intothree components.Firstthereisthe production
function f, which represents the impacts of inputs
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(x), land quality and time on production. The
second component g is assumed to capture the
effects of risk on production. Due to cultivating
eroded land, and/or poor weather conditions (like
draughts) actual output can be lower or higher
than its average level (MacCallum, 1967). Thus,
it is straightforward to connect the risk function
with a two-sided error component (v). At last,
function q captures the impact of factor use on
the exploitation of the production possibilities
or technical efficiency. Here we also estimate
different land quality and climate indicators, along
with time variable, in order to capture not only
farm-level, but district level and other external
effects on inefficiency. This function transforms
a one-sided error term u. The empirical analysis
is based on the following assumption regarding
the functional forms, utilizing a log-linear version
of the Cobb-Douglas production function. The
natural logarithm of the production function for
this case is presented below:

Inf(x) =a,+ o’Inx + as.

(1a)

In this representation, it is assumed that
the constant and first-order effects vary with
land degradation (s) across different districts
of the region (d). This variation is attributed to
geographical and climatic differences: some
districtsarelocatedneartheVolgaRiver,benefiting
from more favourable climatic conditions, while
others, particularly in the steppe regions to
the east, experience arid climates and greater
challenges with land degradation. Notably, the
land degradation variable (s) is not in logarithmic
form, as it is presumed to have a linear effect on
the production function, consistent with the
theoretical framework outlined in earlier research
on land quality impacts on crop output (Walpole,
Sinden & Yapp, 1996)!. As Walpole, Sinden &
Yapp put it, “degradation represented as an input
in the logarithmic form would exhibit increasing
returns to given decreases in degradation and so
reflects increasing return to given investments
in conservation works. This situation seems
unlikely because of the relatively fixed nature
of the required conservation works within a
homogenous region. Degradation represented as
a linear or arithmetic variable implies constant
returns to conservation works... The latter
situation is more likely, and so the linear form is
to be preferred” (Walpole, Sinden & Yapp, 1996;
page 192).

! This linear specification of the land degradation variable
was selected due to the lack of evidence suggesting increasing
returns from soil conservation measures in Russia.

Ekonomika Regiona [Economy of Regions], 20(4), 2024

The risk function is assumed to consist only
of farm-specific inputs (g). As in Gataulina,
Hockmann & Strokov (2014), we assume that the
idiosyncratic component can be represented by a
Cobb-Douglas functional form. Thus, we have

Ingx)=y,+vInx (1b)

with only farm inputs (x) elasticities to be
estimated.

The inefficiency function g was at first also
considered to be a Cobb-Douglas type:

Ing(x)=6,+6Inx+6,s+6,h+6_tc (lc)?

which includes the input factors (x) from the
farms, land degradation indicator (s) from the
district level (fixed year effects), organic content
value (h) at the district level, and climate effects
(changing from vyear to year) at the district
level (c). Following the approach of MacCallum
(1967) and Walpole, Sinden, and Yapp (1996),
which assumes that land degradation negatively
impacts production output, the hypothesis is that
district-level land degradation, combined with
rising temperatures, increases farm inefficiency.
Conversely, higher land quality, particularly in
terms of organic content, is expected to reduce
inefficiency due to the beneficial role of organic
matter in the crop-growing process. For a broader
literature overview, see Lukin (2016), and for the
case of Samara Oblast, refer to Chekmarev and
Obushenko (2016).

The model is estimated using the log-likelihood
method within a stochastic frontier normal/half-
normal framework, calculating all three stages (1a,
1b, 1c) simultaneously. The estimation procedure
is implemented using the STATA 11 software
(Gould, Pitblado, & Sribney, 2006). The Results
section (see Table 3) presents the estimated
elasticities for the model components (1a, 1b, 1c).

Before estimating the model, it is essential to
describe the data used for the analysis. The farm-
level data for Samara Oblast was sourced from the
database of the Ministry of Agriculture (restricted
access, provided by RANEPA) for the years 2013-
2016. This dataset includes over 100 variables, such
as production volumes for various crops, cropland
areas, aggregated crop revenue and cost figures,
detailed input costs (e.g., salaries, fertilizers,

2 In the final version of the paper, farm-level (x) factors, as
well as land degradation and soil erosion variables, were
excluded due to their statistical insignificance. Consequently,
the inefficiency function was primarily dependent on humus
content (h) and temperature as a climate factor (c). See Table 3
for detailed results.
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seeds), workforce numbers, and subsidies, among
others.

The output variable (y) for the model represents
the crop production volume of five primary
crops grown in the region—grain, sunflower,
soybean, potato, and vegetables—converted into
a grain equivalent (see Comments to Figure 2
infra). The inputs include capital, land, and
labour. Capital was measured as the production
costs associated with these five crops. To avoid
potential collinearity with labour, salary and
social payments were excluded from the aggregate
production costs. This adjustment involved
calculating the proportion of salary and social
payments within the total crop costs for the farm.
This proportion was then applied to the costs for
the selected five crops, allowing the salary and
social payments to be excluded. The resulting
production costs were subsequently adjusted
using a regional price index (sourced from Rosstat
for Samara Oblast). This index, based on the cost
of purchased manufactured inputs for agricultural
organizations in the region, converted the data
into comparable 2019 RUB values.

Land was represented as the total area sown
with the five crops for which output data were
available. Labour required additional processing.
The dataset included the total number of workers
in each organization, along with salary and social
payment data specifically for crop-growing and
animal production activities. To estimate labour
for the five crops, the proportion of crop workers’
salaries in the total salary was calculated. This
proportion was then adjusted by the share of the
five crops’ sown area relative to the total cropland.
This approach provided an approximation of the
labour allocated to cultivating fields with the
specified crops.

Apanel dataset was prepared to form a balanced
regression. The total database for agricultural
organizations in Samara Oblast) contained 1,881
observations over 4 years!. The database was
cleaned by removing the following observations:
146 with no reported cropland, 95 from farms with
cropland areas exceeding 10 thousand hectares,
20 with missing district identification, 29 with
incomplete data on the total area of the five main
crops, and 24 with crop yields less than 2 centners?
per hectare, 31 observations with yields more
than 35 centners of grain equivalent per hectare.
Next, 540 observations were removed for farms

! In 2013, data were available for 441 organizations; in 2014,
for 505 farms; in 2015, for 479 farms; and in 2016, for 456
organizations.

21 centner = 10 kilograms.

that lacked data for all four years. Additionally,
12 observations were excluded due to missing
data on the number of workers, and 4 observations
with exceptionally high costs per hectare (more
than 80 thousand rubles per hectare, in constant
2019 prices). Following further investigation,
8 observations with costs exceeding 40 thousand
rubles per hectare were also deleted to eliminate
unusually expensive potato and vegetable farms.
As aresult, 972 observations remain in the dataset,
representing 52 % of the original sample for these
years.

The farm-level data for the selected
organizations were used to estimate the main
production function. Descriptive statistics of the
final dataset for the balanced panel regression are
presented in Table 2. This dataset also includes
information on land degradation and climate
variables for the districts of Samara Oblast to
capture the relevant fixed effects.

As mentioned earlier, farm-level data on land
degradation or soil erosion were unavailable. To
test the main hypothesis, a variable representing
the share of land degradation in the agricultural
land of each district was used, based on data
from the mid-1990s (Stolbovoy etal., 1999).
Additionally, the average erosion rate (measured
in tons per hectare of land) for each district was
included, based on the Global Soil Erosion map
(Borrelli et al., 2017). For the technical inefficiency
function (1c), the organic content of the district’s
soil in 2016 (Samara Oblast Government, 2016)3
was used to reflect the idea that farms with better
lands have higher output.

Climate data were obtained from the open-
source website Pogoda i Klimat, (translated as
“Weather and Climate”), which collects data from
weather stations*. Samara Oblast does not have
a weather station in every district, but data on
average temperature and total precipitation are
available from 12 meteorological stations in the
region. Districts were grouped according to their
proximity to each weather station®.

5 Analysis of previous years’ reports revealed no significant
changes in organic content across the districts. Therefore, it is
assumed that organic content remained constant throughout the
focus period.

4 URL: http://pogodaiklimat.ru/ Multiple access through 2021-
2023 period. (date of access: on 31 October 2024).

5 Weather station data were assigned to districts as follows:
Avangard for Alekseevsky, Bogatovsky, Borsky, and
Neftegorsky; Aglos for Volzhsky and Krasnoarmeisky;
Bezenchuk for Bezenchukskiy and Khvorostyansky; Bolshaya
Glushitza for Bolsheglushitzkiy, Bolshechernigovskiy, and
Pestravskiy; Kinel-Cherkassa for Kinel-Cherkasskiy and
Pohvistnenskiy; Klyavlino for Kamushlinskiy and Klyavlinskys;
Novodevichiye for Schigonskiy; Samara capital for Kinelskiy
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Table 2
Descriptive statistics

Variable Acronym Average Min Max Unit
Crop production of grain, tons of erain
soy, sunflower, potato prod5 35870 206 287908 org

equivalent
and vegetables
Production costs for 5 .
crops minus salary of cost5 21816401 141146 242637359 RUB (in 2.019
constant prices)
workers
Cropland area (sum for crop5_area 2224 15 9292 ha
5 crops)
Labor in agricultural number of
organization (calculated work5 18 0 189
workers

for 5 crops)
Share of degraded land o
among agricultural land degrad 38.5 5.7 76.0 ri/o Sl}: a;elolfn d
of the district in 1999 agricuiiurat
Soil erosion intensity in tons per hectare
the district in 2012 eros_ave 0.27 0.02 0.77 of area
Share of organic content % of organic
in agricultural soils in the humus 4.4 2.9 6.5 content in the
district in 2016 soil
.Averagg ye.ar temperature temp_ave 6.0 3.8 7.2 Celsius (°C)
in the district
Sum of precipitationper | oo 481 307 724 mm
year in the district

Source: The estimate is based on data from the Russian Ministry of Agriculture, Rosstat, Stolbovoy et al. (1999), the Global Soil
Erosion Map, the Samara Oblast Government (2016), and the climate data website Pogoda i Klimat (in Russian) URL: http://www.
pogodaiklimat.ru (multiple access in 2021-2022, latest access on 31 October 2024).

The following section presents the results of
estimating the stochastic frontier model using the
database of Samara’s agricultural organizations.

Results

To test the main hypothesis regarding
the negative impact of land degradation on
crop output, a stochastic frontier production
function is presented. The results include all
three components of the traditional stochastic
frontier estimation procedure: coefficients for the
production function, risk function, and technical
inefficiency function (1a, 1b, and 1c, respectively).
Estimations were performed using the STATA 11
software program, and the results are presented in
Table 3.

The results in Table 3 reveal that land
degradation (“degrad” abb.) has a negative
influence on crop production output, which proves
the initial hypothesis for production function (1a).
This impact, however, is rather small and most of
the variance is brought by traditional production
function factors — capital (cost5), land acreage

and Krasnoyarskiy; Sernovodsk for Isaklinskiy and Sergievskys;
Suzran for Privolzhskyi and Suzraskyi; Tolyatti for Elkhovskiy
and Stavropolskiy; and Chelno-Vershinskiy for Koshkinskiy,
Chelno-Vershininskiy, and Shentalinsky.

Ekonomika Regiona [Economy of Regions], 20(4), 2024

(crop5_area) and labour (work5). The sum of these
elasticities is 1.03 (more than 1) k, which shows
the increasing returns to scale.

In the risk function (1b), it is observed that
increases in costs and the number of workers reduce
production risk at the farm, while an expansion of
land area under the five main crops increases risk.
In the inefficiency function (1c), the variables for
degradation and soil erosion were statistically
insignificant and were therefore excluded from the
final results, along with farm input variables'. An
increase in organic content (humus) across districts
appears to have a positive effect, as indicated by
the negative (“-”) sign. This suggests that higher
organic content in soil reduces inefficiency,
highlighting the importance of soil quality. The
results also show that higher average temperatures
in a district increase inefficiency, which points to

! For early results with all variables, please contact the author.
Additional tests for endogenous variables were conducted
but were not included in the final version of the paper due to
space constraints. The endogeneity issue was examined using
the instrumental variables technique, confirming that only land
degradation fits well within the original form of the production
function. Other variables, such as soil erosion, temperature,
and precipitation, were excluded due to their insignificant
coefficients).
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Table 3

Model results from the stochastic frontier analysis of crop production in agricultural organizations in Samara Oblast,

based on panel data from 2013 to 2016

Function Abb. of variables Coef. Std. err. z

cost5 0.455 0.022 20.26""
crop5_area 0.529 0.029 18.45™"

production function (1a) work5 0.043 0.0127 3.34"
degrad —-0.001 0.0004 -2.75"
constant. -1.048 0.21 —4.89"
cost5 -1.37 0.18 -7.57"

. ) crop5_area 1.09 0.24 4.50""

risk function (1b) works ~0.24 0.1 218
constant. 11.42 1.58 7.217"
humus —0.178 0.074 -2.40"

inefficiency function (1c) temp_ave 0.361 0.092 3.89""
constant. -3.241 0.774 —4.19"
Log likelihood -215.8
N of observ. 972

Source: the author’s estimates for the stochastic frontier model using STATA_11. Comments: stars (") show the level of statistical

significance of estimated coefficient: *, ™, " denote significance at the 10 %, 5 % and 1 % level, respectively.

the risks of droughts and their negative impact on
crop production in the region.

Discussion

Previous studies have reported land
degradation and soil erosion in parts of Samara
Oblast but often lack detail on the methods used
or the time period when the data was collected
(Tsarev, 2018). Some studies rely on older data
from 1991-1992 (Ibragimova and Kazantsev,
2013) and fail to adequately examine the impacts
of land degradation on crop production. This
paper addresses that gap.

Using stochastic frontier analysis, the study
estimates the effects of land degradation and soil
erosion at the farm level in Samara Oblast for
the 2013-2016 period. This approach not only
evaluates the drivers of the production function but
also assesses impacts in the risk and inefficiency
functions—both critical aspects of farm-level crop
production processes. Previous research has applied
stochastic frontier analysis to study technical
inefficiency in Samara farms using data from 1997-
2003 but did not consider land degradation as a
potential factor (Bokusheva and Hockmann, 2005).

The results confirm that land degradation
negatively affects crop production and yields,
supporting the main hypothesis established
in earlier studies (MacCallum, 1967; Walpole,
Sinden, and Yapp, 1996). However, the impacts
of soil erosion and land degradation were found
to be statistically insignificant in the inefficiency
function. Instead, a positive effect of organic soil

content on reducing inefficiency was observed,
highlighting the importance of soil quality for
crop production, albeit indirectly (Lukin, 2016).
Additionally, the analysis reveals a growing
influence of average temperature on inefficiency,
underscoring the risks of climate change and
drought in the steppe region of Samara, as shown
by Pavlova and Varcheva (2017).

Conclusion

Land degradation is akeyissue in contemporary
agricultural and environmental science. However,
the extent of land degradation remains ambiguous
due to the use of different data aggregation
methods. For Samara Oblast, there are data from
various sources on land degradation and soil
erosion that do not always align. Nevertheless,
the study has shown a trend of increasing land
degradation from west to east in the region, which
appears to correlate with a decline in crop yields
in some of its eastern and south-eastern districts.
To provide stronger evidence, stochastic frontier
analysis was applied to assess the impact of key
factors on crop production and yields at the farm
level.

The results reveal that land degradation
negatively affects crop production and yields.
However, land degradation and soil erosion did not
influence the inefficiency function of the model.
Instead, factors such as organic content in the soil
and average yearly temperature had an impact
on inefficiency, with organic content exerting
a negative influence and temperature having a
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positive effect. These findings are consistent with
previous research in this field.

Based onthe study’s findings, itisrecommended
that the Russian government revise the regulations
for publishing agrochemical data at the regional
level. Specifically, the Ministry of Agriculture of
Russia should be required to publish soil erosion

publish the National Report on Soil Fertility of
Agricultural Lands?). This will enrich the society
on the knowledge of the current soil conditions
and help researchers to have a friendly open-
access monitoring system of agricultural land
degradation, which will foster a more accurate
research of ecological and production impacts in

data every five years as part of the “Agricultural this area.
Soil Fertility Law” (this can be done by reinstating
Article 12 of Chapter 4 of Federal Law 101-FZ

(dated 16 1998' ), which required the Ministry to

here: https://base.garant.ru/12112328/ (latest access on 31
October 2024).

2 Article 12 was removed from the law as of January 1, 2005,
through amendments introduced by Law FZ-122 on August
22, 2024, see: https://docs.cntd.ru/document/901712929 (latest
access on 31 October 2024)

! The latest version of Law 101-FZ, “On State Regulation of
Soil Fertility Management for Agricultural Land,” is available
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