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CONTAMINATED AND POTENTIALLY HAZARDOUS AGRICULTURAL LAND
IN THE SYSTEM OF UKRAINE’S FOOD SECURITY FACTORS

The article develops a model that distinguishes the procedural status of a land area from the verifiability of reported
data when estimating the agricultural potential of land affected by mine action. The model prevents operationally sur-
veyed, formally released and actually cultivated areas from being treated as one measure of restored productive capacity.
Only land with a reported production status enters the physical-output scenarios; certified land without evidence of cul-
tivation remains outside them. The model also specifies the site-level data needed for NPV and benefit-cost analysis:
release and restoration costs, time to first harvest, crop, yield and product use, without deriving those indicators from
disconnected aggregates. Contaminated land is interpreted as a constraint on absorptive capacity, agronomic recovery
as an adaptive function, and registry integration as a transformative function.
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3ABPYAHEHI TA NOTEHLIMHO HEBE3NEYHI CIIbCbKOrOCNOAAPCHKI
3EMJ11 B CUCTEMI YUHHUKIB MPOA0OBO/1bYOI BE3NEKU YKPATHU

Y cmammi pospobneno mooens, axa oae 3mocy pozmedxcysamu npoyeoypHull CMAamyc 3emenbHoi OLAHKU md
sepughikosanicms nOGIOOMAEHUX OAHUX NIO YAC OYIHIOBAHHS CITbCLKO2OCNOOAPCHK020 NOMEHYIANLY 3eMelb, W0 3A3HAU
8NIUBY MIHHOI Hebe3neku. 3anponoHo8aHa Moolenb 3anodieac€ OMOMONCHEHHIO 3eMeNbHUX NIOW, O0OCMediCeHUx 6
onepamusHoMy NOpaoKy, POPMAIbHO BUBLTbHEHUX MA (AKMUYHO 860EHUX Y CLIbCbKO2OCHO0APChKEe BUKOPUCTNAHHS, 3
€OUHUM NOKAZHUKOM BIOHOBLEHOT RPOOYKMUBHOL CHPOMONCHOCMIL.

Obcseu 6upobHUYMEa OYiHEHO 3a KOMOIHOBAHUM CYEHAPHUM OPIEHMUPOM. CMPYKMYpPY NOCi8i6 HAOIUICEHO 00
0080€HHOT CMPYKMYpU NiBOCHHUX Pe2ionié YKpaiuu, a epodicatiHicms 3a0aHO HA Pi6Hi cepeOHiX 3a2albHOHAYIOHAILHUX
nokasHuxige. Taxuil opienmup He GIOMBOPIOE NPOOYKMUBHICMb KOHKPEMHO20 De2iOHy [ He 8PAaX08Ye NOGHOI MIPOIO
dezpadayiro IpyHmie ma 0CcoOIUBOCMI HENOIUBHO20 3emiepobcmea. 1 poutosi oyiHKu HA6edeHo 8 €OUHIL YIHOGIl 6a3i;
B0HU He € NPOCHO30M NOMOYHOI TH8eCmUYIiiHOi 00XiOHoCmi. 3icmagnents 3 aKmyarbHUMU NYOTYHUMU NOBIOOMAEHHAMU
BUKOPUCMAHO Nuie 0I5l NepesipKu NOPAOKY BeIUYUHU OYIHOK.

Hayxkosuii enecok docnioscennsn nonaeac y popmysanui 0808UMIpHOI Kaacugikayii no8i0OMAEHUX 3eMeTbHUX NI0W
3a nPoYeOyPHUM CIAMYCOM Ma pPiHeM 8epu@ikosanocmi oxcepen OaHux, OONOBHEHOI MOOELII0 YNPABIIHCLKO20 YUKTLY,
3ACHOBAHOK HA PEECMposUX OAHUX [ MAKOW, W0 MNOEOHYE GUBLIbHEHHS 3eMelb, A2POHOMIYHe BIOHOB]EeHHs, IX
CIIbCLKO2OCN00ApChKe GUKOPUCMAHHSA, €KOHOMIUHe OYIHIOBAHHA ma pesyivmamu y cgepi npooogonvyoi besnexu.
Konyenmyanona mooens modice 3acmoco8ysamucs 01 MOHIMOPUHey ma 8UHAYeHHs npiopumemis 8iOnoGiOHUX NPOcPam
6e3 0momodcHeH A HeOOHOPIOHUX NOKA3HUKIG 3eMeNbHUX NIOW 3 IMOGIDHOCTNAMU NEPex00y MIdC DI3HUMU CIMAMYCamMU.
3abpyouneni 3emui inmepnpemyiomoscs K 00MedHceHHss abcopOYiiHOI CNPOMOINCHOCI, AcPOHOMIYHE GIOHOBNEHHS — 5K
aoanmuena QyrKyis, a inmezpayis peecmpie — Ik MpancQHopmayitina QyHKYisL.

Kniouosi cnosa: npooosonvua besnexa Yrpainu, citbcbko2ocnodapcvki 3emii, 3a0pyoHenHs ubyxonebe3neyHumu
npeomemamu, 2yMaHimapHe pO3IMIHYBAHHSA, BUBIIbLHEHHA 3eMelb, NPOYeOYPHULL Cmamyc 3emMenbHoi  OiNaHKU,
sepuixosanicmes OaHux, cmpameziune YNpaeiiHHs, ad2pOnpoo008oIbYd CUCeMA.

Problem statement. Wartime contamination of agri-  capacity of the national food system. Eliminating explosive
cultural land has substantially reduced the resource base of  hazards alone is insufficient to restore agricultural produc-
Ukraine's agricultural sector and weakened the absorptive  tion. Productive land use also requires agronomic
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assessment, land rehabilitation, and the recovery of irriga-
tion systems, agricultural machinery, logistics infrastruc-
ture, and working capital. At the same time, integrating
mine action, cadastral, agricultural, and production da-
tasets performs a broader transformative function by ena-
bling evidence-based recovery planning.

According to the Accounting Chamber of Ukraine, 9.85
million hectares of agricultural land across ten regions re-
main unavailable for safe use. The audit also reports 7.75
thousand hectares officially returned through certified land
release and 402.7 thousand hectares released following op-
erational survey activities. The nearly 52-fold difference
between these estimates reflects differences in operational
procedures, documentary verification, and residual risk
management rather than inconsistencies in reporting
[1, pp. 3-4]. Publicly available official statistics further re-
port 286 thousand hectares of returned land, 225 thousand
hectares with documented cultivation and harvesting,
12,287.5 hectares partially reimbursed under the 2025
State Demining Compensation Programme, and 16 thou-
sand hectares announced in July 2026 [2—4]. Since these
figures originate from different programmes, reporting pe-
riods, and verification frameworks, combining them into a
single statistical series would substantially overestimate
the recovered agricultural production base.

From an economic perspective, assessment should
trace the sequential transition from the spatial footprint of
potential contamination to measurable agricultural and
food-system outcomes. Land release does not necessarily
imply agricultural cultivation; harvested output is not
equivalent to domestic food availability; gross agricultural
output cannot be equated with gross value added (GVA) or
net social benefit; and production potential alone, without
comparison against recovery costs, is insufficient to
demonstrate economic viability.

Analysis of Recent Research and Publications.
Armed conflict alters the morphology, density, chemical
composition, and biological properties of soils, while many
forms of environmental degradation persist even after ex-
plosive hazards have been removed [5, pp. 1-15; 6]. In
Ukraine, documented consequences include mechanical
soil degradation, contamination by fuel residues and heavy
metals, structural disturbance, and risks associated with ex-
plosive remnants of war [7]. Although geospatial mapping
effectively identifies potentially contaminated areas, it can-
not substitute for formal land release procedures or subse-
quent agronomic verification of land suitability for agricul-
tural use [8].

Studies by the Geneva International Centre for Human-
itarian Demining (GICHD) and the United Nations Devel-
opment Programme (UNDP) demonstrate that mine action
contributes not only to public safety but also to the restora-
tion of productive assets, household incomes, mobility, and
market access [9-11]. At the operational level, IMAS
07.11 (Edition 2) establishes the international framework
governing land release, including requirements for national
land release systems, institutional responsibilities, and ev-
idence-based decision-making [12]. In Ukraine, these prin-
ciples are incorporated into the National Mine Action Strat-
egy and its updated implementation plan [13-14].

The audit conducted by the Accounting Chamber of
Ukraine clearly distinguishes between different land re-
lease procedures. During 2022-2024, accredited mine ac-
tion operators cleared 21 thousand hectares, of which 5.3
thousand hectares were officially released through certifi-
cation, whereas the security and defence sector surveyed
598.2 thousand hectares and returned 402.7 thousand hec-
tares to productive use [1, pp. 33—36]. Consequently, the
generic term "returned land" provides little analytical value
unless accompanied by information on the release proce-
dure, certification status, and subsequent agricultural utili-
sation.

A key policy benchmark is SDG Indicator 2.5.1, de-
fined as the share of agricultural land returned to cultiva-
tion relative to the area that remained inaccessible as of
June 2024 [15]. However, meaningful economic interpre-
tation of this indicator requires metadata describing the nu-
merator, the procedure used to verify agricultural cultiva-
tion, and the spatial correspondence between contamina-
tion and release boundaries.

The FAO Food Balance Sheet framework distinguishes
agricultural production from trade, stock variation, feed
use, seed use, industrial utilisation, food consumption, and
post-harvest losses [16]. Accordingly, restored production
volume represents only primary agricultural output,
whereas assessing food availability and food access re-
quires information on the subsequent allocation of that out-
put throughout the food system.

From the perspective of economic appraisal, project
evaluation should compare with-project and without-pro-
ject scenarios while accounting for full economic costs,
discounting, and alternative intervention strategies. Both
the Economic Appraisal Vademecum 2021-2027 and the
World Bank appraisal framework recommend selecting the
most appropriate evaluation method according to project
characteristics, including cost-benefit analysis (CBA),
cost-effectiveness analysis (CEA), least-cost analysis
(LCA), or multi-criteria analysis (MCA) [17-18].

Sitnicki et al. [19] examine coordination in agricultural
market clusters, Pimenowa et al. [20] analyse sustainable
business models under uncertainty, and Sitnicki and Ku-
rinskyi [21] discuss managerial development of Ukraine’s
agricultural sector under EU integration. Pereguda [22] fo-
cuses on digitalisation of circular business models in the
agro-industrial complex, while Pereguda and Biloshkurska
[23] analyse digital transformation and international coop-
eration. Sitnicki and Kurinskyi [24] examine organisa-
tional constraints on agricultural exports; Sitnicka and
Serhiienko [25] analyse adaptation to wartime shocks; Sit-
nicki et al. [26] assess the commercial potential of new
product ideas; and Sitnicki [27] links innovation potential
with strategic flexibility. For mine-contaminated agricul-
tural land, these studies inform the managerial and infor-
mation dimensions of recovery; procedural verification of
land release and confirmation of actual cultivation remain
separate requirements.

The unresolved methodological issues are the classifi-
cation of indicators by data source and verification status,
the distinction between operational survey activities and
land release under national mine action standards, the use
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of unrelated administrative aggregates as if they repre-
sented transition probabilities for individual land parcels,
and the specification of data required for net present value
(NPV), benefit—cost ratio (BCR), and food balance anal-
yses.

Research Obijective. The objective of this study is to
develop an evaluation framework for agricultural recovery
potential that explicitly distinguishes between the proce-
dural status of land and the verification status of supporting
data. The research comprises five interrelated tasks: (i) au-
diting available data sources; (ii) developing a status—pro-
cedure framework; (iii) classifying the key analytical pa-
rameters; (iv) conducting scenario-based estimates of agri-
cultural output under alternative land areas and relative
yield coefficients; and (v) verifying the order of magnitude
of the results while identifying the information required for
both food balance analysis and investment appraisal.

Research Methods. Methods of fnalysis and synthesis
were used to examine regulatory documents, audit materi-
als, official statistics, and programme reports. Comparison
method was used for distinguishing survey, clearance, for-
mal land release, and actual cultivation. Classification
method allowed to group indicators by information source,
procedural status, and verification level. The scenario
method was used for estimating the potential agricultural
output under alternative land-area and relative-yield

assumptions. The calculation method allowed to determine
the physical output and indicative gross value on a com-
mon price basis. Scenario outputs are estimates of produc-
tion potential, not statistical forecast intervals.

Presentation of the main results of the study. The
basic analytical unit is defined as the combination of spatial
boundary — procedure — status — reference date — land use
— crop — scenario. For land classified as either a Suspected
Hazardous Area (SHA) or a Confirmed Hazardous Area
(CHA), the area eligible for current production calculations
is assumed to be zero until the appropriate sequence of
Non-Technical Survey (NTS), Technical Survey (TS),
and/or clearance has been completed. The cancellation of
suspicion, area reduction, or clearance may provide the ba-
sis for documented land release; however, none of these
procedures confirms agronomic suitability, actual cultiva-
tion, or crop production.

Data sources were classified according to their func-
tional role and the verification level of the reported indica-
tors (Table 1). Regulatory and methodological documents,
audit reports, official statistics, programme reporting, offi-
cial communications, and author-generated estimates each
serve distinct analytical purposes. Audit reports and offi-
cial statistical datasets developed under clearly defined
methodological frameworks were classified as high-verifi-
cation sources (Figure 1).

Land Release
NTS, TS and/or clearance

& N By
Areas affected by hostilities [ There is no evidence
(initial planning boundary) of contamination of any area
o V. S
. i ., .
Non-Technical Survey (NTS) Result: suspicion confirmed,
assessment of existing evidence SHA or CHA established
. w - v
4 = g B

Result: suspicion cancelled,
area reduced or area cleared

V

Documented handover and registration of the result

Does not confirm
agronomic suitability

e e >
V
a8 N\ { N
Agronomic assessment and, if needed, rehabilitation inigsa?:knf(;ztimi?:g 1;:sr'r:u]:vs
\. J \. J
~3 b
~ ) ~ ™

Actual cultivation

Date, crop, area,
reason for non-use

-~

Sowing and harvest

Confirmed production
result

Figure 1. Status—Procedural Sequence for Returning Agricultural Land to Productive Use
Source: systematised by the author based on [1; 12-13; 28].
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Table 1
Categories of the Procedural Status of a Land Area and Permissible Analytical Use
Procedural Status of the Economic Interpretation Production Calculation | Required Verification
Land Area
Avrea affected by hostilities Planning boundary; does not constitute | Excluded Data source, spatial ge-
evidence of contamination at the indi- ometry, date
vidual site level
Suspected Hazardous Area Indirect evidence of a hazard Asc=0 NTS/TS; cancellation,
(SHA) reduction, or clearance
Confirmed Hazardous Area Direct evidence of a hazard Asc=0 TS, clearance, quality

control

Surveyed / returned by the se-
curity and defence sector

Operational activities; not equivalent to
land release under national standards

Method, result, residual
risk, handover docu-
ment

Excluded unless cultiva-
tion is confirmed

standards

Cancelled, reduced, or cleared
in accordance with applicable

The relevant land release method has
been completed

Documented handover;
agronomic assessment

Not yet classified as cul-
tivated land

tion

Actually brought into cultiva-

Agricultural use has been confirmed

Basis for scenario-based
production estimates

Date, crop, area, agro-
nomic condition

Sown and harvested area

firmed

Production outcome has been con-

Highest verification sta-
tus for physical output
estimation

Yield, product quality,
intended use

Source: systematised by the author based on [1; 12-13; 28].

Programme reporting was assigned a moderate verifi-
cation level because its indicators are defined within indi-
vidual programme frameworks. Author-generated assump-

were treated as scenario-based evidence (Table 2). Publi-
cation on an official government website alone does not
make a press communication an official reporting instru-

tions, scenario parameters, and transferred coefficients ment.
Table 2
Land Area Estimates Reported in Public Sources, Their Verification Level, and Permissible Analytical Use
Area Description of the Indicator Source Type Verll_f(;\(izltlon Permissible Analytical Use
9,850.0 Agricultural land unavailable for | Accounting Chamber High Indicates the overall scale of the
thousand ha | safe use across ten regions Audit, 2025 problem; does not constitute evi-
dence of contamination at the in-
dividual parcel level
598.2 thou- | Surveyed by the security and de- | Accounting Chamber High Measure of operational survey ac-
sand ha fence sector during 2023-2024 Audit, 2025 tivity
402.7 thou- | Returned following operational Accounting Chamber High Not equivalent to land release un-
sand ha survey Audit, 2025 der national standards
21.0 thou- Cleared by mine action operators | Accounting Chamber High Clearance output; documented
sand ha during 2022-2024 Audit, 2025 handover is confirmed separately
7.75 thou- Returned through issued land re- | Accounting Chamber High Documented land transfer follow-
sand ha lease certificates Audit, 2025 ing certification
12,287.5 ha | Demined after 15 April 2024; Budget Programme Moderate Programme performance indica-
costs partially reimbursed under Implementation Re- tor; does not confirm actual agri-
the 2025 budget programme port, 2026 cultural cultivation
286.0 thou- | Reported as returned during 2024 | Official press commu- | Limited Scenario representing administra-
sand ha nication, 2025 tively reported land area
225.0 thou- | Reported as sown and harvested Same press communi- Limited Scenario representing land with
sand ha during 2024 cation, 2025 confirmed production status; the
relationship to the reported 286.0
thousand ha has not been demon-
strated
16.0 thou- Announced on 3 July 2026 as Statement by Minister | Limited Updated figure used for an order-
sand ha demined agricultural land Oleksii Sobolev, re- of-magnitude verification
ported by the media,
2026

Note: The ratio 402.7 / 7.75 = 51.96 compares different procedural categories and should not be interpreted as a measure of operational perfor-
mance or effectiveness.
Source: compiled based on [1, pp. 3-4, 33-36; 2-4].

The audit clearly distinguishes between 402.7 thousand
hectares returned following operational survey activities

and 7.75 thousand hectares officially transferred through
land release certification. The reported figure of 286
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thousand hectares may partially overlap with areas covered
by operational activities, but the publicly available data do
not quantify this overlap. The indicator is therefore used
only as an upper-bound scenario for the administratively
reported land area.

The 286- and 225-thousand-hectare figures are retained

because the same publicly available 2024 source reports
both the administratively recorded land area and the area
with documented cultivation and harvesting. The ratio
225/286 = 78.7% is used only as a descriptive statistic and
is not extrapolated to individual regions or land parcels
(Table 3).

Table 3

Classification of Model Parameters

Parameter Value Parameter Status Sourpe [ Verifi- Role in the Model
cation Level
Aprod 225 thou- | Reported area with documented cultiva- | Official press Scenario representing
sand ha tion and harvesting communication/ | land with confirmed pro-
Limited duction status
Aadm 286 thou- | Administratively reported land area Official press Upper-bound scenario;
sand ha communication/ | agricultural cultivation
Limited not confirmed
Crop structure 2019- Scenario-based transfer of crop shares Official statistics | Crop shares approximat-
2021 crop / High,; transfer is | ing the pre-war produc-
shares scenario-based tion structure of southern
Ukraine
Yield National Scenario-based parameter transfer Official statistics | National benchmark; not
average, / High; transfer is | intended to represent re-
2019- scenario-based gional yields
2021
fy 0.90 or Relative yield coefficient Author's assump- | 0.90 represents a 10%
1.00 tion / Scenario- yield reduction; not a con-
based fidence limit
Prices Average Statistical parameter Official statistics | Indicative values ex-
prices, / High pressed in constant prices
2021
7.75 thousand ha Land Documented land transfer Audit / High Excluded from output es-
transferred timates unless actual agri-
through cultural cultivation is con-
certifica- firmed
tion

Source: developed by the author based on [1-2; 29].

The scenario-based physical output was estimated for
the land area that the underlying data source identifies as
having production status, together with a separate scenario
based on the administratively reported land area. The pro-
posed model does not assume that either the actual crop
structure or the pre-war productivity of individual land par-
cels has been restored.

The applied crop-yield profile is a composite scenario.

Crop shares were approximated using the pre-war produc-
tion structure of southern Ukraine, whereas crop yields
were represented by the national average values for 2019-
2021. This profile serves as a standardised scenario bench-
mark for the national aggregates of 225 thousand hectares
and 286 thousand hectares and is not intended to reproduce
the productivity of rain-fed agriculture in any specific
southern region.

Qsc = Ase X Zc(ac X ¥e2019-2021) X fy @)

where:

A, denotes the land area under the respective scenario;
a. is the assumed crop share;

¥c2019-2021 IS the average pre-war crop yield;

[ is the relative yield coefficient.

A value of f, = 0.90 represents a 10% reduction in
yield under the scenario assumptions, whereas f,, = 1.00

represents the baseline scenario. The indicative gross out-
put value was estimated using the average agricultural pro-
ducer prices recorded in 2021:

Ving = Zc Qsc,c X Pc,2021 (2)

The indicator V,,4 represents the indicative gross value
of primary agricultural output. It should not be interpreted
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prices ensures a consistent valuation framework across sce-
narios while deliberately excluding the effects of current

1000,0

900,0

800,0

700,0

600,0

636,6

5,45

500,0

400,0

300,0

225,0

200,0

100,0

Because the underlying land cohorts, indicator defini-
tions, and price years differ, the comparison is used only as

225 thousand ha; fy = 0.90

225,0

225 thousand ha; fy = 1.00

m Area, thousand ha

809,2

286,0

il il

1Q, thousand t e fy

286 thousand ha; fy = 0.90

899,1

7,70

286,0

sV, billion UAH

Figure 2. Scenario Matrix of Land Area and Relative Yield Coefficient
Source: calculated by the author based on [2; 29].

(Table 4).

netback prices, logistics-related price differentials, and
product quality adjustments.

9,00

8,00

7,00

6,00

5,00

4,00

3,00

2,00

1,00

0,00

286 thousand ha; fy = 1.00

an order-of-magnitude check; it is not a formal validation

Table 4

Assumed Crop Structure under the Composite Baseline Scenario for the 225 Thousand ha Area

Crop Area (;housand Output (thou- Main End Use Data Required for Food System Assess-
a) sand t) ment
Wheat 92.7 330.6 Milling, feed, seed, export Domestic availability, flour milling, losses,
stocks
Barley 38.6 132.7 Feed, food processing, export | Feed and food use, losses
Sun- 66.6 119.1 Oil processing, seed and oil Processing share, oil extraction rate, domes-
flower exports tic utilisation
Maize 10.0 85.5 Feed, starch processing, ex- Feed and industrial use, stocks
port
Rape- 17.0 394 Oil processing, predomi- Domestic processing and food use
seed nantly export
Total 225.0 707.3 Primary agricultural out- Complete commodity balance by crop
put

Source: calculated by the author based on [2; 29]; utilisation pathways systematised based on [16].

The implied crop yields are 3.57 t/ha for wheat, 3.44
t/ha for barley, 1.79 t/ha for sunflower, 8.55 t/ha for maize,
and 2.32 t/ha for rapeseed. For maize, the analysis applies
the national average yield for 2019-2021; no estimate of
rain-fed yields in southern Ukraine was used [29].

Cereal and oilseed crops contribute to food security

where:
d. denotes the share of domestic availability after accounting for trade and stock changes;
I, represents losses;
k¢ooa,c is the proportion allocated to food use after excluding feed, seed, and industrial processing.

Qfood,c = Qsc,c X dc X (1 - lc) X kfood,c

through different pathways. Sunflower and rapeseed pri-
marily support farm income, processing activities, and ex-
ports, whereas wheat, barley, and maize are allocated
among food, feed, seed, industrial, and export uses.

The transition from primary agricultural output to the
domestic food supply is expressed as:

©)
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Equation (3) is not evaluated numerically, as publicly
available data do not link the scenario-based production es-
timates with these commodity flows at the crop level.

Physical output (tonnes) or gross output value per hec-
tare characterises production potential, but not cost effi-
ciency. Investment appraisal requires information on the

_ Btr—Ctr |
NPV, = ~Cor +Zt A+t ’

Equation (4) establishes the parcel-level criterion for
cost—benefit evaluation. Its application requires linked in-
formation on land status, date of handover, total project
costs, actual crop cultivated, crop yield, time to first har-
vest, and end use of production. No integrated dataset cur-
rently links these variables, so NPV and BCR were not es-
timated. The empirical analysis is limited to scenario-based
physical output and its indicative gross value [1; 16-18].

The allocation of institutional responsibilities should
correspond to the successive stages of the process. The na-
tional mine action authority and mine action operators are
responsible for land release decisions and handover; agro-
nomic institutions assess soil condition and crop-related
constraints; agricultural producers are responsible for ac-
tual cultivation; the registry administrator links production
data with land status and cost information; the programme
authority conducts the economic appraisal; and statistical
and market institutions evaluate food system outcomes. A
single land-area indicator cannot simultaneously measure
land safety, agricultural production, and economic effi-
ciency. The integrated registry should include the polygon
identifier, procedural status, land release method, date and

costs of survey, clearance, quality assurance, land hando-
ver, land rehabilitation, irrigation and drainage restoration,
logistics, insurance, and working capital. Economic bene-
fits should be assessed on an incremental basis relative to
the without-project scenario [17-18].

_ PV(By)
~pvicy)

BCR, 4)

assessment results, date of cultivation, crop, harvested
area, yield, end use of production, costs, and the reason for
non-use. Such a registry would enable the calculation of
the land returned to cultivation indicator while distinguish-
ing among absorptive, adaptive, and transformative out-
comes.

The estimated range of UAH 5.45-7.70 billion should
not be added to the RDNAGS estimates of damage, losses,
or recovery needs, because the assessments differ in object,
time horizon, price framework, and double-counting rules
[30]. The proposed model also excludes mine-clearance
and agricultural-recovery costs and therefore does not esti-
mate net social benefits. The main limitations are the ab-
sence of cadastral linkages among aggregated datasets, the
unknown actual crop structure, the combination of crop
shares approximating the pre-war structure of southern
Ukraine with national average yields, the potential decline
in soil productivity, the use of 2021 prices, and the scenario
assumption of fy = 0.90 (Figure 3). Without parcel-level
data, time to first harvest cannot be estimated reliably,
NPV and BCR cannot be calculated, and the estimated pa-
rameters cannot be transferred reliably to the regional
level.

handover documentation, residual risk, agronomic
( N\ (
Establishing the status I\
of the territory )

SHA/CHA; type and
sufficiency of evidence

\_ 4 .

Land release and
documented handover

Cancellation of restrictions,
acceleration or clearance;
documented handover

Soil assessment, contamination,

N\ [ )
remediation, and

Agronomic survey
permitted crops

and restoration plan
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Monitoring of results,
status updates, and
review of priorities
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Figure 3. Management Cycle for Returning Agricultural Land to Productive Use

Source: developed by the author.
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Conclusions. The model separates the procedural sta-
tus of a land area from the verification level of the data
source and prevents heterogeneous administrative aggre-
gates from being reduced to a single indicator of restored
agricultural potential. Its managerial value lies in establish-
ing a comparable basis for monitoring, prioritising land
parcels and budget programmes, and moving from the for-
mal fact of land release to a verified production outcome.

Official mine action area figures do not constitute a sin-
gle indicator. A total of 402.7 thousand ha was returned
following operational survey, whereas 7.75 thousand ha
was transferred through issued certificates; the 51.96-fold
difference reflects distinct procedures and documentary
standards. The figures of 286 thousand ha reported as re-
turned and 225 thousand ha reported as sown and harvested
originate from a press communication, while the ratio of
78.7% has no parcel-level reference. For the 225 thousand
ha scenario, estimated output ranges from 636.6 to 707.3
thousand tonnes, with an indicative value of UAH 5.45-
6.06 billion. Under the conditional cultivation of the entire
administratively reported area of 286 thousand ha, the cor-
responding estimates are 809.2—-899.1 thousand tonnes and
UAH 6.93-7.70 billion. The applied profile combines crop
shares approximating the pre-war structure of southern

Ukraine with national average yields for 2019-2021 and
should therefore be interpreted as a scenario benchmark ra-
ther than a regional forecast.

The comparison between UAH 24.2 thousand per hec-
tare in 2021 prices and the figure of more than UAH 62.5
thousand per hectare reported in 2026 shows only that the
estimates do not differ by an order of magnitude. Moving
from primary agricultural output to a food security out-
come requires commodity balance data, while establishing
economic priority requires full cost information and the
calculation of NPV and BCR. Contaminated land con-
strains the absorptive capacity of the food system, agro-
nomic recovery strengthens its adaptive capacity, and an
integrated registry supports transformative capacity.
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