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[bookmark: _Toc233941662]Abbreviations and Acronyms
	Abbreviation
	Definition

	ADB
	Asian Development Bank

	BCR
	Benefit–cost ratio

	CAPEX
	Capital expenditure

	CBA
	Cost–benefit analysis

	CTCN
	Climate Technology Centre and Network

	EbA
	Ecosystem-based adaptation

	EBCR
	Economic benefit–cost ratio

	EIRR
	Economic internal rate of return

	ENPV
	Economic net present value

	FX
	Foreign-exchange (rate)

	GERES
	Group for the Environment, Renewable Energy and Solidarity

	ha
	Hectare

	IBLIP
	Index-Based Livestock Insurance Project (Mongolia)

	IRR
	Internal rate of return

	LiFePO₄
	Lithium iron phosphate (battery chemistry)

	m²
	Square metre

	MCA
	Multi-criteria analysis

	MNT
	Mongolian tugrik

	NPV
	Net present value

	O&M
	Operation and maintenance

	OPEX
	Operating expenditure

	PV
	Present value (also: photovoltaic, where noted)

	SCF
	Standard conversion factor

	tCO₂
	Tonne of carbon dioxide (equivalent)

	UNEP
	United Nations Environment Programme

	USD
	United States dollar

	VC
	Variable cost

	WUA
	Water-users’ association


Currency note: all monetary values are expressed in constant 2026 United States dollars (USD). Conversions from Mongolian tögrög (MNT) use an exchange rate of 3,570 MNT/USD (June 2026).


[bookmark: _Toc233941663]Executive Summary
This report presents a comprehensive cost–benefit analysis (CBA) of the climate-adaptation technology packages recommended for smallholder vegetable farmers in two Mongolian aimags — Uvurkhangai and Dundgovi — under the UNEP/CTCN Technical Assistance project on reducing farmer vulnerability to climate change. The analysis operationalises Activity 1.3 of the project. It takes as its starting point the recommended technology packages identified in the project’s Feasibility and Technology Report, subjects each to a structured financial and economic appraisal, and complements the appraisal with a water resource assessment (Annex A) and a maladaptation risk-management framework (Annex B).
The appraisal is built on four focal technologies prioritised by the feasibility study’s multi-criteria analysis: (i) solar-powered drip irrigation supplied from a shared community borehole; (ii) climate-resilient greenhouse infrastructure; (iii) agroforestry and shelterbelt systems as ecosystem-based adaptation; and (iv) a digitalised, index-based crop-insurance instrument that transfers residual climate risk. Following the feasibility study, these technologies are combined into six investment scenarios — from a no-project baseline (S0) through single-technology options (S1, S3, S5) to a greenhouse-anchored package (S2) and a fully integrated model that bundles all four technologies (S4).
[bookmark: _Toc233941664]Headline findings
1.  The greenhouse is the decisive value driver. Across both provinces, the scenarios that include a greenhouse (S2 and S4) are the only ones that generate positive financial returns to the representative household. Open-field drip irrigation (S1) and agroforestry (S3), appraised as stand-alone household investments, do not recover their own costs within the analysis horizon. This is not a finding against those technologies; rather, it confirms the feasibility study’s thesis that the technologies are complementary. Irrigation, shelterbelts and insurance are enabling and protective investments whose value is realised through the productive core of the system — the greenhouse — and through economic co-benefits that do not accrue to the household as cash.
2.  In Uvurkhangai the integrated package is strongly viable. The greenhouse-anchored package (S2) returns a financial net present value (NPV) of approximately $15,060 per household over 15 years, an internal rate of return (IRR) of 44.6%, a benefit–cost ratio (BCR) of 2.39, and a payback period of about three years. The fully integrated model (S4) performs comparably (NPV $15,552, IRR 43.1%, BCR 2.22), the small additional cost of agroforestry and insurance being offset by their protective contribution.
3.  In Dundgovi the recommended greenhouse design is what makes the package viable. Dundgovi’s harsher environment — deeper groundwater, stronger winds, a shorter season — raises capital costs. With the greenhouse the feasibility study recommends for the province — the low-cost earth-sheltered passive-solar design, the modelled base case, already in local use — the package is viable (S2 NPV $3,211, IRR 18.3%, BCR 1.23, payback about five years). The appraisal also carries the higher-specification wind-resistant polycarbonate structure as a co-financed variant: at its full cost it is not financially viable at the household level (S2 NPV ($4,289)), which is why the feasibility study reserves it for deployment with public co-financing. The choice of greenhouse design is therefore the single most important determinant of Dundgovi’s economics.
4.  The economic case is stronger than the financial case. When the analysis is widened to the economy — valuing domestically grown vegetables at their import-parity worth (Mongolia imports the majority of its “fine” vegetables) and crediting the carbon sequestered by shelterbelts and displaced by solar energy — returns improve materially. The Uvurkhangai integrated package reaches an economic NPV of about $20,900 (economic IRR 51.3%); the Dundgovi integrated package (with passive-solar greenhouse) reaches about $6,965 (economic IRR 23.9%). This gap between private and economic returns is the standard rationale for public support.
5.  Insurance is a risk-management instrument, not a profit centre. The index-based crop-insurance line is approximately neutral in expected-value terms when premiums are subsidised at 50% (its purpose being to compress downside variance rather than to raise mean income) and slightly negative without subsidy. It is best understood as the residual risk-transfer layer of the integrated model, sitting on top of the physical risk reduction delivered by greenhouses and shelterbelts.
[bookmark: _Toc233941665]Summary of indicators
Table ES-1.  Headline financial and economic indicators, representative household (constant 2026 USD)
	Scenario
	Financial NPV
	IRR
	BCR
	Payback (yr)
	Economic NPV
	Econ. IRR

	Uvurkhangai

	S1  Improved irrigation
	($365)
	n/a
	0.34
	>15
	($253)
	n/a

	S2  Irrigation + Greenhouse
	$15,060
	44.6%
	2.39
	3
	$19,922
	52.7%

	S3  Irrigation + Agroforestry
	($665)
	n/a
	0.26
	>15
	($438)
	n/a

	S4  Full Integrated Model
	$15,552
	43.1%
	2.22
	3
	$20,900
	51.3%

	S5  Insurance only
	$20
	n/a
	1.50
	1
	$30
	n/a

	Dundgovi

	S1  Improved irrigation
	($979)
	n/a
	0.15
	>15
	($841)
	n/a

	S2  Irrigation + Greenhouse [passive solar, base]
	$3,211
	18.3%
	1.23
	5
	$6,569
	24.3%

	S2  Irrigation + Greenhouse [polycarbonate, co-financed variant]
	($4,289)
	3.9%
	0.80
	11
	—
	—

	S3  Irrigation + Agroforestry
	($1,589)
	n/a
	n/a
	>15
	($1,402)
	n/a

	S4  Full Integrated [passive solar, base]
	$3,253
	17.8%
	1.21
	5
	$6,965
	23.9%

	S5  Insurance only
	$13
	n/a
	1.50
	1
	$20
	n/a


Financial indicators: 15-year horizon, 10% real discount rate. Economic indicators: 15-year horizon, 8% social discount rate, with import-parity pricing and carbon co-benefits; the Dundgovi economic column uses the passive-solar greenhouse. “n/a” denotes an internal rate of return that is undefined for a cash-flow stream that never turns positive. Figures are generated by the accompanying analytical workbook.
[bookmark: _Toc233941666]Recommendations in brief
1. Prioritise the greenhouse-anchored package. In both provinces, public support should centre on the greenhouse package (S2) or the integrated model (S4), which are where viability and adaptation value coincide.
1. Specify the right greenhouse for Dundgovi. Adopt the low-cost earth-sheltered passive-solar design for Dundgovi rather than imported high-specification structures; this is the difference between a viable and an unviable package.
1. Treat irrigation and shelterbelts as shared, enabling infrastructure. Finance the solar borehole and conveyance as a community (water-users’-association) asset, and support shelterbelt establishment as an ecosystem service, rather than expecting either to pay for itself at the household level.
1. Use targeted, time-bound capital subsidy. The gap between economic and financial returns justifies public co-financing of upfront capital, particularly in Dundgovi, complemented by premium support for the insurance layer.
1. Safeguard against maladaptation. Cap groundwater abstraction within sustainable yields, exclude diesel/coal pumping, design structures to local wind loads, and monitor market saturation — as set out in Annex B.
The remainder of this report documents the recommended packages (Section 2), the methodology and assumptions (Section 3), the enterprise budgets that underpin the benefit streams (Section 4), the financial and economic results (Sections 5–6), the sensitivity and risk analysis (Section 7), project-level aggregation (Section 8), and conclusions and recommendations (Section 9). Annex A assesses water resources and Annex B the management of maladaptation risk; Annex C describes the analytical workbook.


[bookmark: _Toc233941667]1.  Introduction and Background
[bookmark: _Toc233941668]1.1  Project context
Mongolia’s smallholder vegetable producers operate at the climatic margin of viable cultivation. Short frost-free seasons, low and erratic precipitation, recurrent drought, strong desiccating winds, and advancing desertification combine to make open-field horticulture both low-yielding and high-risk. These pressures are intensifying under climate change. At the same time, Mongolia imports the majority of the fresh vegetables it consumes, so any durable increase in domestic smallholder output carries value well beyond the individual farm.
The UNEP/CTCN Technical Assistance project — “Reducing Smallholder Vegetable Farmers’ Vulnerability to Climate Change in Mongolia through Ecosystem-based Adaptation and Digitalised Risk-Mitigation Insurance Solutions”, implemented by OIKO LOGICA S.L. — responds to this challenge in two target aimags, Uvurkhangai and Dundgovi. The project combines physical adaptation technologies (efficient solar-powered irrigation, climate-resilient greenhouses, and agroforestry/shelterbelts as ecosystem-based adaptation) with a digitalised, index-based crop-insurance instrument that transfers the residual climate risk that no physical measure can fully eliminate.
[bookmark: _Toc233941669]1.2  Purpose and scope of Activity 1.3
This report delivers Activity 1.3 of the project. Its purpose is to determine whether — and under what conditions — the technology packages recommended in the project’s Feasibility and Technology Report represent a sound investment, for the farming household and for the wider economy. The Terms of Reference for the activity require three connected analytical products, all of which are provided here:
a comprehensive cost–benefit analysis of the recommended technology packages (the main body of this report, Sections 2–9);
a water resource assessment, examining the groundwater on which the solar-irrigation packages depend and the limits to its sustainable use (Annex A); and
a maladaptation risk-management framework, identifying the ways in which an adaptation investment could inadvertently increase vulnerability, and how those risks are to be avoided (Annex B).
The water resource assessment and the maladaptation framework are presented as annexes, as foreseen in the Terms of Reference, because each is a self-contained technical product that supports, but is distinct from, the financial and economic appraisal.
[bookmark: _Toc233941670]1.3  Objectives of the cost–benefit analysis
The cost–benefit analysis has four objectives: (i) to identify, from the feasibility study, the discrete technology packages that constitute the project’s adaptation offer; (ii) to quantify, for each package, the stream of costs and benefits accruing to a representative smallholder household over the life of the investment; (iii) to express the results in standard, comparable investment indicators — net present value, internal rate of return, benefit–cost ratio, and payback period — at both financial (private) and economic (societal) levels; and (iv) to test the robustness of the findings against the principal uncertainties, and to draw out the implications for project design, targeting, and public support.
[bookmark: _Toc233941671]1.4  Analytical boundaries
Consistent with the feasibility study and the project design, the analysis is confined to four focal technologies: solar-powered drip irrigation, climate-resilient greenhouse infrastructure, agroforestry/shelterbelt systems, and index-based crop insurance. Other interventions that bear on smallholder horticulture — road infrastructure, cold-chain logistics, wholesale-market reform, extension systems, land tenure — are outside the scope of this appraisal, although several are noted where they condition the realisation of benefits. The unit of analysis is the representative smallholder household, with shared irrigation infrastructure allocated to it on a per-household basis; results are then scaled to a community cluster (Section 8). All values are in constant 2026 USD; no general price inflation is modelled, so all discount rates are real.


[bookmark: _Toc233941672]2.  The Recommended Technology Packages
[bookmark: _Toc233941673]2.1  From feasibility study to appraisal scenarios
The technology packages appraised here are not constructed for this report; they are taken directly from the project’s Feasibility and Technology Report, which followed a structured four-step logic. First, a wide menu of candidate technologies was reviewed for each function (irrigation, energy, protected cultivation, ecosystem-based adaptation). Second, the candidates were scored against weighted criteria — technical suitability to Mongolian conditions, cost, climate resilience, ease of operation and maintenance, and environmental footprint — in a multi-criteria analysis (MCA) that yielded a shortlist of preferred options for each province. Third, the shortlisted technologies were assembled into province-specific recommended packages. Fourth, those packages were expressed as a set of investment scenarios suitable for cost–benefit analysis. This report begins at the fourth step and carries it through to quantified results.
[bookmark: _Toc233941674]2.2  The four focal technologies
Solar-powered drip irrigation. The feasibility study’s multi-criteria analysis selected solar-powered drip irrigation as the preferred water-application technology, with solar photovoltaic energy the clear winner on the energy criterion. Water is lifted from a community borehole by a solar pump, stored in an elevated tank, and delivered to fields and greenhouses by gravity-fed drip lines, which minimise both water use and the energy needed to pump it. The pump and storage are designed as a shared asset serving a cluster of households through a water-users’ association; the drip network is installed at the household level.
Climate-resilient greenhouses. Protected cultivation extends Mongolia’s very short growing season and shields crops from wind, frost and evaporative loss, raising yields per square metre by an order of magnitude over open-field production. The feasibility study favours low-cost, robust designs — earth-sheltered passive-solar greenhouses and, where wind exposure demands it, wind-resistant semi-permanent structures — and explicitly cautions against high-technology, energy-intensive winter greenhouses, whose capital and running costs are not justified at smallholder scale.
Agroforestry and shelterbelts (ecosystem-based adaptation). Layered plantings of trees and shrubs around and within cultivated plots reduce wind speed, trap snow, moderate microclimate, stabilise soil and, over time, yield secondary products such as berries, fodder and fuelwood. The recommended system combines an outer windbreak of hardy trees (for example poplar and elm), a middle layer of drought-tolerant shrubs (such as Caragana and sea buckthorn), and the cultivated crop in the sheltered core. Because young plantings must be protected from livestock, fencing is an integral and significant cost.
Index-based crop insurance. The digital insurance instrument indemnifies farmers against weather-driven yield loss using an objective index rather than individual loss assessment, drawing on the design experience of Mongolia’s index-based livestock insurance. It does not prevent loss; it transfers the financial consequences of loss that the physical measures cannot eliminate, and so completes the integrated model as its risk-financing layer.
[bookmark: _Toc233941675]2.3  Province-specific packages
The two provinces differ enough that the recommended packages are not identical. The differences flow from hydrogeology, wind exposure and growing-season length, and they drive the cost differences that the appraisal later exposes.
Table 2-1.  Province-specific technology specifications (from the Feasibility and Technology Report)
	Element
	Uvurkhangai
	Dundgovi

	Groundwater / pumping
	Shallow wells, ~5–25 m; direct solar pump, no battery required.
	Deep boreholes, ~50–150 m; solar pump with LiFePO₄ battery storage (10–15 kWh).

	Greenhouse (primary)
	Earth-sheltered passive-solar (GERES-type), ~USD 15–25/m²; growing season ~9 months.
	Earth-sheltered passive-solar, ~USD 15–25/m², protected by shelterbelts — the recommended primary design (base case); a wind-resistant polycarbonate semi-permanent structure (rated 120 km/h, ~USD 35–55/m²) is the higher-cost co-financed variant. Season ~8 months.

	Agroforestry
	Layered windbreak + shrub + crop; species adapted to steppe.
	As Uvurkhangai but on more arid, desertification-prone land; survival management more demanding.

	Energy
	Solar photovoltaic.
	Solar photovoltaic with storage.


The Dundgovi greenhouse specification is the pivotal design choice in the appraisal: the modelled base case uses the lower-cost passive-solar design that the feasibility study recommends for the province and that is already in local use, while the higher-cost wind-resistant polycarbonate structure is carried throughout as a co-financed variant (Section 7.4).
The model reflects these differences directly. The shared solar system is costed at about $2,250 per cluster in Uvurkhangai and about $8,750 in Dundgovi, the latter reflecting the deeper lift and the battery. Greenhouse capital cost is set at $20/m² for the passive-solar design in both provinces — the Dundgovi base case following the feasibility study’s recommendation — with a $45/m² wind-resistant polycarbonate variant carried throughout the Dundgovi analysis to test the higher-specification, co-financed option.
[bookmark: _Toc233941676]2.4  The appraisal scenarios
Following the feasibility study, the four technologies are combined into six scenarios; the scenario set and its province-specific configurations correspond one-to-one to Table 49 (Section 8.5) of the Feasibility and Technology Report. The baseline (S0) is the counterfactual against which all others are measured; it is not itself appraised for return, but defines the without-project yields, costs and risk exposure that the other scenarios improve upon. The remaining five scenarios are appraised in full.


Table 2-2.  The appraisal scenarios (technology packages)
	Code
	Package
	Composition

	S0
	Baseline
	Traditional, low-efficiency or rain-fed open-field vegetable farming; no project intervention. The counterfactual.

	S1
	Improved irrigation
	Shared solar pump and storage + household gravity-fed drip on the open-field plot.

	S2
	Irrigation + Greenhouse
	Solar drip irrigation plus an earth-sheltered passive-solar greenhouse on the household plot; in Dundgovi a wind-resistant polycarbonate structure is additionally appraised as a co-financed variant.

	S3
	Irrigation + Agroforestry (EbA)
	Solar drip irrigation plus a layered agroforestry / shelterbelt strip.

	S4
	Full Integrated Model
	Solar drip irrigation + greenhouse + agroforestry + index-based crop insurance — the complete adaptation package.

	S5
	Insurance only
	Index-based crop insurance with no physical technology — an analytical reference scenario rather than a recommended package, isolating the value of risk transfer alone.


[bookmark: _Toc233941677]2.5  Unit of analysis: the representative household and the cluster
The appraisal is anchored on a representative smallholder household endowed with a 500 m² open-field vegetable plot, a 300 m² greenhouse, and a 250 m² agroforestry/shelterbelt strip. These dimensions are deliberately modest, reflecting the scale at which Mongolian smallholders actually operate and the project intends to work. Because the solar borehole, pump and storage are shared infrastructure, they are sized for a cluster of 18 households — a plausible water-users’-association membership — and their capital and operating costs are allocated to the representative household as a per-household share. The greenhouse, drip network, shelterbelt and insurance are household-level. Section 8 re-aggregates the household results to the cluster, which is the level at which the shared investment is actually made and financed.


[bookmark: _Toc233941678]3.  Methodology
[bookmark: _Toc233941679]3.1  Financial and economic appraisal
The technology packages are appraised at two levels. The financial (private) analysis asks whether the investment pays for the farming household: it values inputs and outputs at the prices the household actually faces and discounts at a rate reflecting the household’s cost of and access to capital. The economic (societal) analysis asks whether the investment is worthwhile for Mongolia as a whole: it strips out transfers, values traded goods at their economic worth, credits benefits that accrue to society rather than the farmer, and discounts at a social rate. The two perspectives answer different questions, and the gap between them — where it exists — is precisely the space in which public support is justified.
[bookmark: _Toc233941680]3.2  Decision rules and the choice of indicators
Each scenario is summarised by four standard indicators. The net present value (NPV) is the sum of discounted net benefits over the horizon; a positive NPV means the investment adds value. The internal rate of return (IRR) is the discount rate at which NPV is zero, compared against the cost of capital. The benefit–cost ratio (BCR) is the ratio of discounted benefits to discounted costs; a value above one indicates net benefit. The payback period is the number of years until cumulative net cash flow turns positive.
A deliberate methodological choice underlies this report: gross-margin analysis is used to build the annual benefit streams, but it is not used to compare technologies. Gross margins (revenue less variable cost) are the correct tool for describing the profitability of a single enterprise in a typical year, and they are reported in Section 4 as the foundation of the cash-flow streams. They are the wrong tool for ranking investments that differ in their capital requirements and in the timing of their costs and benefits — precisely the situation here, where a greenhouse, a borehole and a shelterbelt have very different capital intensities and maturation profiles. For that comparison, only discounted measures — NPV, IRR, BCR and payback — are valid, and they are the basis of every cross-technology conclusion in this report.
[bookmark: _Toc233941681]3.3  The enterprise-budget foundation
For each productive activity — open-field vegetables (with and without drip), greenhouse vegetables, and the agroforestry strip — an enterprise budget establishes the physical yield, the farm-gate or blended price, and the variable cost per square metre. Multiplying through by the relevant plot area gives the activity’s net annual revenue. These per-activity net revenues are the building blocks from which each scenario’s annual benefit stream is assembled, after adjustment for risk, for the gradual maturation of plantings, and for the protective yield uplift that shelterbelts confer on adjacent open-field crops.
[bookmark: _Toc233941682]3.4  Discount rates
The financial analysis uses a real discount rate of 10%, a conventional benchmark for smallholder agricultural appraisal in a developing-country setting and a reasonable proxy for the opportunity cost of capital to a Mongolian rural household with limited and relatively expensive access to credit. The economic analysis uses a real social discount rate of 8%, consistent with the rates applied by multilateral development banks to public investment in comparable contexts. Both rates are applied to constant-price (real) cash flows. The sensitivity analysis in Section 7 varies the discount rate from 6% to 15% to show how the conclusions hold across the plausible range.
[bookmark: _Toc233941683]3.5  Time horizon
The base horizon is 15 years, which spans the useful life of the principal capital items and allows shelterbelts to approach maturity. Because agroforestry in particular delivers its benefits slowly, a 20-year variant is also reported (Section 7.3) to confirm that the longer horizon does not overturn the base conclusions. Major capital items are re-invested within the horizon at the points where their service life expires — drip components, pump, battery (Dundgovi), and greenhouse glazing — so that the streams reflect realistic replacement cost rather than a single up-front outlay.
[bookmark: _Toc233941684]3.6  Economic adjustments
Four adjustments convert the financial streams into economic ones. First, an import-parity uplift of 15% is applied to vegetable output value, reflecting that domestically grown vegetables substitute for imports that would otherwise be landed at higher cost; Mongolia imports a large share of the “fine” vegetables it consumes, so incremental domestic supply has economic value above the prevailing farm-gate price.
Second, a standard conversion factor of 0.90 is applied to costs to remove the average effect of taxes, duties and other distortions embedded in market prices, expressing resource costs in economic terms. Third, unskilled on-farm labour is shadow-priced at 75% of its market wage, reflecting the surplus labour conditions and seasonality of the rural economy (this adjustment is embedded in the economic costing). Fourth, the carbon sequestered by agroforestry and the emissions avoided by displacing diesel pumping with solar energy are valued at USD 20 per tonne of CO₂, a conservative figure within the range used in public appraisal; the quantities credited are modest (of the order of 0.25 tCO₂ per household per year from agroforestry once established, and 0.30 tCO₂ from solar energy).
[bookmark: _Toc233941685]3.7  Treatment of climate risk
Climate risk is handled explicitly rather than buried in the discount rate. Each open-field and greenhouse activity’s expected output is reduced by a risk factor equal to the product of the probability of a loss event and the average severity of loss when it occurs. Open-field production carries the highest exposure; drip irrigation reduces it modestly by buffering water stress; the greenhouse reduces it sharply by physically controlling the growing environment. The residual exposure that remains after these physical measures is what the index-based insurance instrument addresses. This construction lets the analysis show, transparently, how much of the value of each technology comes from raising mean output and how much from reducing its variability.
[bookmark: _Toc233941686]3.8  Key assumptions register
Table 3-1 sets out the principal quantitative assumptions, their values and their sources. Parameters drawn from the feasibility study and provincial production statistics are grounded in project documents; parameters drawn from market observation, comparable projects, or modelling judgement are identified as such and are flagged for verification in Section 9.4. Every parameter in this register is an editable input in the accompanying analytical workbook, so the entire model can be re-run as better data become available.
Table 3-1.  Principal assumptions and sources
	Parameter
	Value
	Basis / source

	Exchange rate
	3,570 MNT/USD
	June 2026 market rate.[footnoteRef:1] [1: Exchange rate observed June 2026 (currency-tracking services). To be confirmed against the rate prevailing at the time of project costing.] 


	Plot areas (OF / GH / agrof.)
	500 / 300 / 250 m²
	Representative smallholder endowment, consistent with project design and provincial smallholder scale.

	Open-field yield, baseline
	0.6–0.9 kg/m²
	Provincial vegetable-production statistics (2024–2025), lower in Dundgovi; modelling judgement on the rain-fed/low-efficiency baseline.

	Open-field yield, with drip
	1.0–1.3 kg/m²
	Improvement from efficient water application; provincial statistics and comparable drip trials.

	Greenhouse yield
	15–18 kg/m²/yr
	Two-harvest passive-solar performance; conservative relative to high-technology systems.[footnoteRef:2] [2: Provincial winter-greenhouse output implies on the order of 13 kg/m² per cycle; a two-harvest season supports 15–18 kg/m²/yr. High-technology systems reach far higher figures but at prohibitive cost. Flagged for verification.] 


	Agroforestry yield (mature)
	0.8–1.2 kg/m²
	Marketable secondary products (berries/fodder) at maturity; modelling judgement, comparable shelterbelt systems.

	Farm-gate price, open field
	MNT 1,400/kg
	Blended farm-gate vegetable price.[footnoteRef:3] [3: Blended from reported farm-gate ranges (potato MNT 900–1,200/kg; carrot 1,500–2,000; cabbage 2,500–3,500), weighted toward staple field vegetables. Flagged for verification.] 


	Price, greenhouse produce
	MNT 4,500/kg
	Blended price for higher-value, partly off-season greenhouse vegetables; conservative wholesale level.[footnoteRef:4] [4: Off-season greenhouse cucumber and tomato fetch substantially more at retail (MNT 8,000–15,000/kg); a conservative blended wholesale-to-middleman price of 4,500/kg is used. Flagged for verification.] 


	Price, agroforestry produce
	MNT 2,200/kg
	Blended value of berries/fodder; modelling judgement.

	Greenhouse capital cost
	$20/m² (Ö); $20/m² base, $45/m² co-financed variant (D)
	Feasibility study cost ranges: passive-solar USD 15–25/m²; wind-resistant polycarbonate USD 35–55/m².

	Shared solar system (per cluster)
	$2,250 (Ö); $8,750 (D)
	Feasibility study: direct solar pump (Ö) vs solar-plus-battery for deep lift (D). Allocated across 18 households.

	Drip system (per household)
	$360 (OF+GH); $225 (OF only)
	Drip network and fittings; modelling estimate from comparable installations.

	Agroforestry establishment (per hh)
	$320
	Seedlings $60 + planting $45 + fencing $180 + establishment irrigation $35.[footnoteRef:5] [5: Bottom-up build-up. Fencing is the largest single item; seedling unit cost is low but survival is the binding constraint (see Annex B). Flagged for verification.] 


	Insurance premium / subsidy / payout
	6% / 50% / 0.75
	Premium 6% of insured value; 50% public subsidy; expected payout 0.75 of gross premium.[footnoteRef:6] [6: Structure informed by Mongolia’s index-based livestock insurance experience. Premium rate, subsidy level and loss ratio all flagged for verification.] 


	Discount rates (fin. / econ.)
	10% / 8% real
	Conventional smallholder financial rate; multilateral social discount rate. Varied 6–15% in sensitivity.

	Import-parity uplift
	+15%
	Economic uplift on vegetable output value for import substitution.[footnoteRef:7] [7: Mongolia imports a large share of fresh “fine” vegetables; incremental domestic supply substitutes for higher-cost imports. Magnitude flagged for verification.] 


	Carbon price / quantities
	$20/tCO₂; 0.25 + 0.30 t/hh/yr
	Conservative carbon value; agroforestry sequestration + solar emission displacement. Quantities are modelling estimates, flagged for verification.


[bookmark: _Toc233941687]3.9  Data sources and limitations
The appraisal draws on the project’s Feasibility and Technology Report and its multi-criteria analysis; provincial agricultural and land-management statistics for Uvurkhangai and Dundgovi; national agricultural and statistical yearbooks; provincial climate, weather and desertification studies; and the design experience of Mongolia’s index-based livestock insurance. Where project and statistical sources do not provide a parameter — notably certain prices, the greenhouse and agroforestry cost build-ups, the insurance structure, and the economic adjustment factors — values are taken from market observation, comparable projects, or transparent modelling judgement, and are flagged accordingly. The principal limitations are three: the scarcity of farm-level cost and yield records for smallholder horticulture in these provinces; the dependence of greenhouse returns on output prices that are volatile and thinly observed; and the long and uncertain maturation of agroforestry, whose benefits are inherently harder to quantify than its costs. The sensitivity analysis in Section 7 is designed to show how far these limitations bear on the conclusions.


[bookmark: _Toc233941688]4.  Enterprise Budgets and Benefit Streams
This section sets out the productive building blocks of the appraisal: the per-activity enterprise budgets that establish how much net income each square metre of each activity generates in a mature year, and the rules by which these are assembled into the annual benefit streams that drive the scenario results. The figures here are risk-adjusted but undiscounted; discounting and capital costs enter in Sections 5 and 6.
[bookmark: _Toc233941689]4.1  Open-field vegetable production
Open-field vegetables are the household’s traditional activity and the baseline against which improvement is measured. In the baseline, low-efficiency or rain-fed water application yields about 0.9 kg/m² in Uvurkhangai and 0.6 kg/m² in the drier Dundgovi, and the high exposure of open cultivation to drought and wind imposes a heavy risk discount. The result is a wafer-thin margin in Uvurkhangai and, in Dundgovi, a slightly negative expected margin — open-field vegetable farming there barely covers its variable costs in an average year, which is itself an important motivation for the project. Adding solar-powered drip irrigation raises yields to about 1.3 and 1.0 kg/m² respectively and reduces the water-stress component of risk, lifting the margin — but the gain is small in absolute terms because the underlying activity is low-value.
[bookmark: _Toc233941690]4.2  Greenhouse production
The greenhouse transforms the economics. By controlling the growing environment it raises effective yields to roughly 18 kg/m²/yr in Uvurkhangai and 15 kg/m²/yr in Dundgovi — an order of magnitude above open-field production — while also commanding a higher price, because greenhouse vegetables are higher-value and partly available off-season when prices peak. Even on the conservative blended price used here, a 300 m² greenhouse generates a net margin of around $3,384 per year in Uvurkhangai and $2,216 in Dundgovi, dwarfing every other activity. This single fact — visible already at the enterprise-budget stage, before any discounting — foreshadows the central result of the appraisal: the greenhouse is where the value is.
[bookmark: _Toc233941691]4.3  Agroforestry and shelterbelts
The agroforestry strip is appraised on its directly marketable output — berries, fodder and similar secondary products — which at maturity yields a small positive margin (around $72/year in Uvurkhangai, $11 in Dundgovi for a 250 m² strip). These figures deliberately understate the true value of agroforestry, because its principal benefits are not marketable products but ecosystem services: wind reduction, snow capture, microclimate moderation and soil stabilisation. The most important of these — the protective yield uplift that a shelterbelt confers on the adjacent open-field crop — is captured separately in the benefit-stream construction (Section 4.5) rather than in the strip’s own budget. The strip’s establishment is also costly and slow, which is why agroforestry appraised alone (S3) does not cover its costs even though it is, in the integrated system, genuinely valuable.
[bookmark: _Toc233941692]4.4  Per-activity gross margins
Table 4-1.  Risk-adjusted enterprise budgets, mature year, per representative household (constant 2026 USD)
	Activity
	Area (m²)
	Eff. yield (kg/m²)
	Price (MNT/kg)
	Gross rev. (USD)
	Var. cost (USD)
	Net margin (USD)

	Uvurkhangai

	Open field — baseline
	500
	0.81
	1,400
	$159
	$110
	$49

	Open field — with drip
	500
	1.24
	1,400
	$243
	$170
	$73

	Greenhouse
	300
	17.7
	4,500
	$6,684
	$3,300
	$3,384

	Agroforestry (mature)
	250
	1.20
	2,200
	$185
	$113
	$72

	Dundgovi

	Open field — baseline
	500
	0.49
	1,400
	$97
	$110
	($13)

	Open field — with drip
	500
	0.92
	1,400
	$180
	$170
	$10

	Greenhouse
	300
	14.6
	4,500
	$5,516
	$3,300
	$2,216

	Agroforestry (mature)
	250
	0.80
	2,200
	$123
	$113
	$11


Effective yield is risk-adjusted (nominal yield multiplied by a risk factor reflecting the probability and severity of weather-driven loss). Variable cost excludes capital and its replacement, which are applied at the scenario level. Greenhouse margins (highlighted) exceed all other activities by an order of magnitude. Prices convert at 3,570 MNT/USD.
[bookmark: _Toc233941693]4.5  From enterprise budgets to annual benefit streams
Each scenario’s annual benefit stream is the sum of the incremental net margins it generates relative to the baseline, assembled according to four rules that give the model its realism:
1. Incrementality. Benefits are measured against the S0 baseline. Drip irrigation contributes the difference between the drip and baseline open-field margins; the greenhouse contributes its full margin (it is a new activity); insurance contributes its expected net payout.
2. Maturation (ramp-up). Activities do not reach full output immediately. Greenhouse and irrigated production ramp up over the first years, and the agroforestry strip’s marketable output builds gradually as plantings establish — reflected by a maturation profile that reaches full output only after several seasons.
3. Shelter uplift. Once the shelterbelt is established (from about year six), it raises the yield of the adjacent open-field crop — by around 6% in Uvurkhangai and 8% in the windier Dundgovi. This protective benefit, not the strip’s own produce, is the larger part of agroforestry’s contribution, and it is credited to the scenarios that include agroforestry.
4. Risk reduction. The physical measures lower the risk factor applied to output — modestly for drip, substantially for the greenhouse — so that part of each technology’s value comes through reduced expected loss rather than higher gross yield. The insurance line then addresses the residual risk.
Capital costs and their scheduled replacements are overlaid on these benefit streams at the scenario level: the up-front investment in year zero, and re-investment at the years when each component’s service life expires (drip components in years 7 and 14, the pump in year 12, the battery in year 8 where present, and greenhouse glazing at year 10 in Uvurkhangai and year 12 in Dundgovi). The resulting net cash-flow streams — benefits less operating costs less capital — are the inputs to the discounted indicators reported next. The full year-by-year streams for every scenario are contained in the accompanying analytical workbook.


[bookmark: _Toc233941694]5.  Financial Cost–Benefit Analysis Results
This section reports the financial appraisal — the return to the farming household, valuing costs and benefits at the prices the household faces and discounting at 10% real over 15 years. The results are presented province by province, then compared.
[bookmark: _Toc233941695]5.1  Uvurkhangai
In Uvurkhangai the picture is clear and favourable for the greenhouse-bearing packages. The greenhouse package (S2) returns a net present value of about $15,060 per household, recovers its investment in roughly three years, and earns an internal rate of return of nearly 45% — far above any plausible cost of capital. Each dollar invested returns about USD 2.39 in discounted benefits. The fully integrated model (S4) is marginally stronger still in NPV terms ($15,552): the modest extra cost of the shelterbelt and the insurance premium is more than offset by the shelterbelt’s protective uplift on the open-field crop and by the risk reduction the package delivers.
The two single-technology physical packages tell the complementary part of the story. Improved irrigation alone (S1) and agroforestry alone (S3) both return slightly negative NPVs (about ($365) and ($665) respectively), with benefit–cost ratios well below one. This is not because the technologies are without merit — they raise yields and reduce risk — but because, applied to the low-value open-field crop in isolation, the incremental margin they create is too small to recover even their modest capital cost at a 10% discount rate. Their value is unlocked only in combination with the greenhouse, and through the economic co-benefits examined in Section 6. Insurance alone (S5) is essentially break-even in expectation, as designed.
Table 5-1.  Financial results, Uvurkhangai, per household (15 years, 10% real)
	Scenario
	NPV (USD)
	IRR
	BCR
	Payback (yr)
	Yr-0 CAPEX

	S1  Improved irrigation
	($365)
	n/a
	0.34
	>15
	$400

	S2  Irrigation + Greenhouse
	$15,060
	44.6%
	2.39
	3
	$6,535

	S3  Irrigation + Agroforestry
	($665)
	n/a
	0.26
	>15
	$720

	S4  Full Integrated Model
	$15,552
	43.1%
	2.22
	3
	$6,855

	S5  Insurance only
	$20
	n/a
	1.50
	1
	$0


“n/a”: IRR undefined where the cash-flow stream never becomes positive. Year-0 CAPEX is the household’s share, including its allocated share of the shared solar borehole and storage.
[bookmark: _Toc233941696]5.2  Dundgovi
Dundgovi is the more demanding environment, and here the appraisal surfaces its single most important design finding. The province’s deeper groundwater (requiring a more powerful pump and battery storage), stronger winds, and shorter season all raise costs and temper yields. The consequence is that the economics of the greenhouse package depend critically on which greenhouse is built — which is why the appraisal follows the feasibility study in taking the passive-solar design as the base case and testing the polycarbonate structure as a variant.
On the base case — the low-cost, earth-sheltered passive-solar design the feasibility study recommends for the province, at $20/m², and which is already in local use — the package is viable: S2 returns a positive NPV of about $3,211, an internal rate of return of 18.3%, a benefit–cost ratio of 1.23, and a payback of about five years. The integrated model performs almost identically (S4 NPV about $3,253, IRR 17.8%).
If instead the greenhouse is the higher-specification, wind-resistant polycarbonate structure — the co-financed variant, at $45/m² — the package is not financially viable at the household level: S2 falls to an NPV of about ($4,289), with a benefit–cost ratio of 0.80 and a payback that stretches to around eleven years, and the integrated model to about ($4,247). The high capital cost of the structure, layered on top of the costly deep-borehole solar system, is simply too great for the greenhouse margin to recover within the horizon. The choice of greenhouse technology is therefore the decisive lever for Dundgovi’s economics — the quantitative confirmation of the feasibility study’s decision to adopt the passive-solar design as primary and to reserve the polycarbonate structure for public co-financing (a finding examined further in Section 7.4 and reflected in the recommendations).
As in Uvurkhangai, the single-technology packages do not cover their costs at the household financial level: improved irrigation alone (S1, NPV about ($979)) and agroforestry alone (S3, about ($1,589)) are enabling and protective investments rather than stand-alone propositions, and their value is realised within the integrated package and through economic co-benefits. The deeper negative for Dundgovi’s S1 relative to Uvurkhangai’s reflects the higher cost of its solar system and the lower open-field margin it improves upon.
Table 5-2.  Financial results, Dundgovi, per household (15 years, 10% real)
	Scenario
	NPV (USD)
	IRR
	BCR
	PB (yr)
	Yr-0 CAPEX

	S1  Improved irrigation
	($979)
	n/a
	0.15
	>15
	$789

	S2  Irrigation + Greenhouse [passive solar, base case]
	$3,211
	18.3%
	1.23
	5
	$6,924

	S2  Irrigation + Greenhouse [polycarbonate, co-financed variant]
	($4,289)
	3.9%
	0.80
	11
	$14,424

	S3  Irrigation + Agroforestry
	($1,589)
	n/a
	n/a
	>15
	$1,109

	S4  Full Integrated Model [passive solar, base case]
	$3,253
	17.8%
	1.21
	5
	$7,244

	S4  Full Integrated Model [polycarbonate, co-financed variant]
	($4,247)
	4.3%
	0.82
	10
	$14,744

	S5  Insurance only
	$13
	n/a
	1.50
	1
	$0


The contrast between the passive-solar base case (highlighted) and the polycarbonate co-financed variant is the key Dundgovi finding: the greenhouse specification determines whether the package is viable. The S3 benefit–cost ratio is shown as n/a because the strip’s discounted marketable benefit, net of the risk discount, is not positive in the early years when appraised in isolation.
[bookmark: _Toc233941697]5.3  Cross-province comparison and the role of each technology
Read together, the two provinces deliver a consistent message with one important qualification. In both, the greenhouse is the decisive value driver, and the packages that contain it (S2 and S4) are the route to viability; the packages that do not (S1, S3, S5) do not recover their costs at the household financial level. The qualification is that Dundgovi’s harsher conditions leave a much thinner margin of viability, which the wrong greenhouse choice erases entirely. Uvurkhangai’s milder environment and cheaper solar system give it a wide margin of safety; Dundgovi’s requires careful, low-cost design to stay on the right side of the line.
The role of each technology can now be stated precisely. The greenhouse is the productive engine. Solar drip irrigation is partly a stand-alone yield improver but mainly an enabler — it is the water source the greenhouse and the shelterbelt both depend on, which is why it is sensible to finance it as shared infrastructure rather than to ask it to pay for itself. Agroforestry is a protective, ecosystem-based investment whose marketable output is incidental and whose real return is the resilience and the yield uplift it confers — benefits that are partly economic rather than private. Insurance is the residual risk-transfer layer. The integrated model is more than the sum of these parts because the technologies reinforce one another: the same borehole waters all activities, the shelterbelt protects the open field, and the insurance backstops what remains.


[bookmark: _Toc233941698]6.  Economic Cost–Benefit Analysis Results
[bookmark: _Toc233941699]6.1  Why the economic lens matters here
The financial analysis understates the value of these investments to Mongolia, for two reasons that are central to the project’s rationale. First, the vegetables these households grow substitute for imports: Mongolia brings in a large share of the fresh “fine” vegetables it consumes, and every additional kilogramme produced domestically displaces a more expensive imported one, a saving that does not appear in the farm-gate price the household receives. Second, the shelterbelts and the solar energy deliver environmental benefits — carbon sequestration and avoided diesel emissions — that accrue to society, not to the farmer’s cash income. The economic analysis brings these into view by valuing output at import-parity, removing price distortions through the standard conversion factor, shadow-pricing surplus labour, and crediting carbon at a conservative USD 20 per tonne. It discounts at the 8% social rate. For Dundgovi, the economic analysis uses the passive-solar base case, consistent with the feasibility study’s recommendation and with the result of the financial analysis.
[bookmark: _Toc233941700]6.2  Uvurkhangai — economic results
At the economic level, Uvurkhangai’s greenhouse-bearing packages become strongly attractive. The greenhouse package (S2) reaches an economic NPV of about $19,922 with an economic internal rate of return of nearly 53%, and the integrated model (S4) reaches about $20,900 (economic IRR 51.3%), recovering its cost in around two years. The import-parity uplift, applied to the large greenhouse output, is the dominant source of the improvement; the carbon credit is real but small by comparison. Even with the wider lens, the two single-technology physical packages remain marginally negative — their incremental output is simply too small for import-parity pricing and carbon to lift them across the line — confirming that their justification is as components of the integrated system rather than as stand-alone economic propositions.
[bookmark: _Toc233941701]6.3  Dundgovi — economic results
For Dundgovi (on the passive-solar base case) the economic lens converts a slender financial case into a solid economic one. The greenhouse package (S2) reaches an economic NPV of about $6,569 with an economic IRR of 24.3%, and the integrated model (S4) about $6,965 (economic IRR 23.9%), each paying back in roughly four years. Because Dundgovi imports its vegetables over longer distances and from a lower production base, the import-substitution value of its domestic output is, if anything, more salient than Uvurkhangai’s. The economic results thus reinforce the case for supporting the integrated package in Dundgovi — provided the low-cost greenhouse design is used.
[bookmark: _Toc233941702]

6.4  Financial and economic results compared
Table 6-1.  Financial vs economic indicators, integrated model (S4) and greenhouse package (S2)
	
	S2 financial
	S2 economic
	S4 financial
	S4 economic

	Uvurkhangai

	NPV (USD)
	$15,060
	$19,922
	$15,552
	$20,900

	IRR
	44.6%
	52.7%
	43.1%
	51.3%

	BCR
	2.39
	2.93
	2.22
	2.71

	Dundgovi (passive-solar greenhouse)

	NPV (USD)
	$3,211
	$6,569
	$3,253
	$6,965

	IRR
	18.3%
	24.3%
	17.8%
	23.9%

	BCR
	1.23
	1.49
	1.21
	1.47


Economic indicators add import-parity output value and carbon co-benefits and discount at 8% rather than 10%. The consistent widening of returns under the economic lens is the analytical basis for public co-financing.
The systematic gap between the financial and economic columns is the quantitative expression of the project’s public rationale. The household captures enough of the value to make the greenhouse packages privately worthwhile in Uvurkhangai and — with the right design — in Dundgovi; but society gains substantially more than the household does, through import substitution and environmental services. That wedge is what justifies public support to bring the privately marginal components (irrigation, shelterbelts) into the package and to extend the reach of the viable ones, a theme taken up in the recommendations.


[bookmark: _Toc233941703]7.  Sensitivity and Risk Analysis
No appraisal of smallholder horticulture in a data-scarce setting should be read as a point forecast. This section tests how far the conclusions depend on the assumptions that carry the most uncertainty, and identifies which parameters matter enough to warrant attention in implementation and in the verification exercise of Section 9.4. Throughout, the Uvurkhangai greenhouse package (S2) is used as the reference case, with the Dundgovi passive-solar package examined where the provincial contrast is material.
[bookmark: _Toc233941704]7.1  What drives the result: one-way (tornado) sensitivity
Varying each key parameter in turn by ±25%, holding the others at their base values, reveals an unambiguous hierarchy of influence. The greenhouse output price and the greenhouse yield are by far the most powerful drivers: each alone swings the Uvurkhangai S2 net present value across a range of roughly $2,350 to $27,771 — a swing of about $25,420 around a base of $15,060. Greenhouse variable cost is the next most influential (a swing of about $12,550), while greenhouse capital cost — the figure most often debated — is comparatively minor (a swing of only about $3,000). The lesson is that the economics live and die by what the greenhouse produces and the price it fetches, not by what the structure costs. This is reassuring in one respect (modest capital-cost overruns do not threaten viability) and cautionary in another (the result is only as good as the price and yield assumptions, both flagged for verification).
Table 7-1.  One-way sensitivity, Uvurkhangai S2 (NPV, USD; each driver ±25%; base $15,060)
	Driver
	Low NPV
	High NPV
	Swing

	Greenhouse output price
	$2,350
	$27,771
	$25,420

	Greenhouse yield
	$2,350
	$27,771
	$25,420

	Greenhouse variable cost
	$8,785
	$21,335
	$12,550

	Greenhouse capital cost
	$13,560
	$16,560
	$3,000


Output price and yield enter multiplicatively and so produce identical swings. Even at the low end of the price/yield range, S2 remains positive; the package does not turn loss-making under a 25% adverse move in any single driver.
[bookmark: _Toc233941705]7.2  Discount-rate sensitivity
Because the benefits of these packages arrive early (the greenhouse reaches full output within a few years), the results are robust to the choice of discount rate. Across the full 6%–15% range, every greenhouse-bearing package remains comfortably positive. Uvurkhangai S2 falls from about $20,891 at 6% to about $10,176 at 15% — still strongly positive at the top of the range. The Dundgovi passive-solar package, with its thinner margin, is more rate-sensitive but stays positive throughout, from about $5,751 at 6% to about $1,042 at 15%.
Table 7-2.  NPV at alternative real discount rates (USD)
	Scenario
	6%
	8%
	10%
	12%
	15%

	Uvurkhangai S2
	$20,891
	$17,702
	$15,060
	$12,854
	$10,176

	Uvurkhangai S4
	$21,714
	$18,341
	$15,552
	$13,225
	$10,404

	Dundgovi S2 (passive solar)
	$5,751
	$4,367
	$3,211
	$2,237
	$1,042

	Dundgovi S4 (passive solar)
	$5,964
	$4,485
	$3,253
	$2,216
	$949


Base-case rate (10%) shown in bold. All greenhouse-bearing packages remain positive across the full range, confirming robustness to the cost-of-capital assumption.
[bookmark: _Toc233941706]7.3  Time-horizon sensitivity
Extending the horizon from 15 to 20 years strengthens every package modestly, as the later years add discounted net benefit without further major capital outlay; it does not change any sign. Uvurkhangai S2 rises from about $15,060 to $17,742, and S4 from $15,552 to $18,398. Importantly, the longer horizon does not rescue the stand-alone agroforestry package: Uvurkhangai S3 remains negative (improving only from about ($665) to ($577)), confirming that agroforestry’s case rests on its protective and economic co-benefits within the integrated system, not on a longer payback of its own marketable output.
Table 7-3.  NPV at 15-year and 20-year horizons (USD)
	Scenario
	15-year (base)
	20-year

	Uvurkhangai S2
	$15,060
	$17,742

	Uvurkhangai S3 (agroforestry)
	($665)
	($577)

	Uvurkhangai S4
	$15,552
	$18,398

	Dundgovi S2 (passive solar)
	$3,211
	$4,549

	Dundgovi S3 (agroforestry)
	($1,589)
	($1,571)

	Dundgovi S4 (passive solar)
	$3,253
	$4,679


[bookmark: _Toc233941707]7.4  The decisive choice: greenhouse technology in Dundgovi
Section 5.2 identified the choice of greenhouse design as the pivot of Dundgovi’s economics; it is worth isolating here as a sensitivity in its own right, because it is the one parameter change that flips the sign of the result. Holding everything else constant, moving the Dundgovi greenhouse from the earth-sheltered passive-solar base case ($20/m²) to the wind-resistant polycarbonate variant ($45/m²) changes the S2 net present value from about $3,211 to about ($4,289) — a swing of roughly $7,500, and the difference between a package that should not be financed and one that should. The integrated model moves correspondingly, from ($4,247) to $3,253.
This is not an argument that the cheaper structure is always better: in the most wind-exposed micro-sites, a more robust structure may be physically necessary, and the maladaptation analysis in Annex B treats structural wind-failure as a real risk. It is an argument that the default design for Dundgovi should be the low-cost passive-solar greenhouse the feasibility study recommends, with the higher-specification structure reserved for sites where wind exposure genuinely demands it — and that, where it is demanded, the project should expect to provide additional capital support to keep those sites viable.

Table 7-4.  Effect of greenhouse design on Dundgovi viability (NPV, USD)
	Scenario
	Polycarbonate ($45/m²)
	Passive solar ($20/m²)

	S2  Irrigation + Greenhouse
	($4,289)
	$3,211

	S4  Full Integrated Model
	($4,247)
	$3,253


[bookmark: _Toc233941708]7.5  The insurance layer: subsidised vs unsubsidised
The index-based crop-insurance line is best understood not through its expected net present value — which is small by construction — but through what it does to the distribution of outcomes. With premiums subsidised at 50%, the line is marginally positive in expectation (about $20 per household per year of discounted value in Uvurkhangai, $13 in Dundgovi) and the farmer pays a modest premium of roughly $5 and $4 per year respectively against an expected payout of about $8 and $5. Without subsidy, the line is a near-actuarially-fair transfer: marginally negative in expectation (the loading), with the farmer paying the full premium of about $11 and $7 per year. In neither case is insurance a source of profit; its value is the protection it provides against the bad years that physical measures cannot fully prevent, smoothing income and protecting the household’s capacity to keep investing. The subsidy is best read as the price of uptake and of the risk-pooling benefits that follow from it.
Table 7-5.  Index-based crop insurance, stand-alone, per household per year (USD)
	Indicator
	Subsidised — Övör.
	Subsidised — Dund.
	Unsubsid. — Övör.
	Unsubsid. — Dund.

	NPV of insurance line
	$20
	$13
	($20)
	($13)

	Benefit–cost ratio
	1.50
	1.50
	0.75
	0.75

	Farmer premium / year
	$5.29
	$3.53
	$10.59
	$7.06

	Expected payout / year
	$7.94
	$5.29
	$7.94
	$5.29


Figures are per household for the insured share of production. The instrument’s purpose is variance reduction, not expected-value gain; the subsidised case shifts a near-fair transfer into a mildly positive one to drive uptake.
[bookmark: _Toc233941709]7.6  Robustness: overall assessment
Drawing the threads together, the central conclusions are robust. The superiority of the greenhouse-bearing packages over the single-technology alternatives holds under every parameter variation tested, at every discount rate in the 6–15% range, and at both horizons. Uvurkhangai’s integrated package carries a wide margin of safety. Dundgovi’s is viable but contingent, and its viability rests on two conditions that implementation must secure: the use of the low-cost passive-solar greenhouse design, and the realisation of greenhouse prices and yields close to the (conservative) assumptions used here. These are precisely the parameters carried forward to the verification list in Section 9.4. The single result most worth stress-testing with field data before scale-up is the greenhouse price–yield combination, because it is both the dominant value driver and among the least well observed.


[bookmark: _Toc233941710]8.  Project-Level Aggregation
[bookmark: _Toc233941711]8.1  From household to cluster
The household is the right unit for appraising returns, but the wrong unit for planning the investment, because the solar borehole, pump and storage are shared. The natural planning unit is the cluster — a water-users’ association of around 18 households sharing one solar water system. Scaling the integrated model (S4) to the cluster gives an aggregate net present value of about $279,940 in Uvurkhangai, against an up-front capital requirement of about $123,390; in Dundgovi (with the passive-solar greenhouse) the cluster net present value is about $58,546 against an up-front capital requirement of about $130,390. The Dundgovi cluster requires slightly more capital for a much smaller surplus — the quantitative signature of its thinner margin, and a direct pointer to where public co-financing is most needed.
Table 8-1.  Cluster-level aggregation, integrated model (S4), 18-household water-users’ association (USD)
	Indicator
	Uvurkhangai
	Dundgovi (passive solar)

	Per-household NPV
	$15,552
	$3,253

	Per-household year-0 CAPEX
	$6,855
	$7,244

	Cluster NPV (18 households)
	$279,940
	$58,546

	Cluster year-0 CAPEX
	$123,390
	$130,390


Cluster CAPEX includes one shared solar water system plus household-level greenhouses, drip networks, shelterbelts and insurance for 18 households. The contrast between the two provinces — similar capital, very different surplus — maps the case for differentiated public support.
[bookmark: _Toc233941712]8.2  Indicative scaling
Beyond the single cluster, the per-household and per-cluster figures provide the unit economics for planning project reach within the available budget. Because the shared solar system is the largest single indivisible cost, the cost-effectiveness of the investment improves where clusters are full (closer to the assumed 18 households) and deteriorates where membership is thin; maximising water-system utilisation is therefore both an engineering and an economic objective. The household-level components scale linearly, so the binding constraint on reach is the number of viable clusters that can be organised around accessible groundwater — a question the water resource assessment in Annex A addresses directly.
[bookmark: _Toc233941713]8.3  Investment and financing considerations
Three features of the cost structure shape the financing task. First, the investment is capital-intensive relative to smallholder means: even the per-household share of around $6,855 (Uvurkhangai) to $7,244 (Dundgovi) for the integrated model is large against rural incomes, so the timing and source of capital matter as much as the headline return. Second, the shared solar system is a genuine public-good-like asset within the cluster, best financed collectively and maintained through the water-users’ association, with clear arrangements for cost recovery and asset replacement. Third, the gap between economic and financial returns (Section 6) means that public co-financing of upfront capital is not a subsidy to an unviable activity but a correction for the value that spills over to society — most of all in Dundgovi, where the private margin is thin but the economic case is sound. These considerations are developed into recommendations in Section 9.3.


[bookmark: _Toc233941714]9.  Conclusions and Recommendations
[bookmark: _Toc233941715]9.1  Summary of findings
The cost–benefit analysis of the recommended technology packages supports five conclusions. First, the greenhouse is the productive core of the adaptation offer: only the packages that include it (S2 and S4) generate positive financial returns, in both provinces. Second, solar drip irrigation and agroforestry are enabling and protective investments rather than stand-alone propositions — they do not recover their costs in isolation but are essential to, and valuable within, the integrated system. Third, Uvurkhangai’s integrated package is strongly and robustly viable, while Dundgovi’s is viable but contingent on low-cost greenhouse design. Fourth, the choice of greenhouse technology is the single decisive lever for Dundgovi: the passive-solar design makes the package viable, the high-specification polycarbonate structure does not. Fifth, the economic returns exceed the financial returns across the board, because domestic vegetables substitute for imports and shelterbelts and solar energy deliver environmental benefits — a gap that constitutes the rationale for public support. Insurance, throughout, is a risk-management layer rather than a profit centre.
[bookmark: _Toc233941716]9.2  Recommended technology packages, by province
On the evidence of the appraisal, the recommended packages are as follows.
Uvurkhangai. Adopt the Full Integrated Model (S4) — solar drip irrigation, a passive-solar greenhouse, an agroforestry shelterbelt, and index-based crop insurance — as the standard package. Its financial return is strong (NPV about $15,552, IRR 43.1%, payback about three years), its economic return stronger still, and the shelterbelt and insurance add resilience at little net cost. Where a household cannot yet take on the full package, the greenhouse package (S2) is the priority first step, with irrigation as its foundation.
Dundgovi. Adopt the Full Integrated Model (S4) built around the low-cost earth-sheltered passive-solar greenhouse (NPV about $3,253, IRR 17.8%, payback about five years; economic NPV about $6,965). Do not default to high-specification imported greenhouse structures, which render the package unviable; reserve them for the few micro-sites whose wind exposure genuinely requires them, and provide additional capital support at those sites. Treat the shared deep-borehole solar system as collective infrastructure, and prioritise public co-financing here, where the private margin is thinnest but the economic case is sound.
[bookmark: _Toc233941717]9.3  Policy and design recommendations
1. Centre support on the greenhouse package. Direct public resources to the S2/S4 packages, where viability and adaptation value coincide, rather than spreading support thinly across stand-alone technologies that do not cover their costs.
2. Mandate low-cost greenhouse design as the default, especially in Dundgovi. Adopt the earth-sheltered passive-solar greenhouse as the standard, with robust structures used only where wind exposure demands and with commensurate extra capital support at those sites.
3. Finance and govern the solar water system as shared infrastructure. Establish water-users’ associations to own, operate and maintain the borehole, pump and storage; build cost-recovery and asset-replacement provisions into the association’s rules; and size systems to keep utilisation high.
4. Use targeted, time-bound capital subsidy calibrated to the economic–financial gap. Co-finance upfront capital — most generously in Dundgovi — to bring the privately marginal but economically valuable components (irrigation, shelterbelts) into the package and to extend the reach of the viable ones. Favour capital support over recurrent operating subsidy, which the activities do not need.
5. Subsidise the insurance premium to drive uptake, and pool risk. Maintain premium support (around 50%) to move the insurance line from an actuarially fair transfer to a mildly positive one for the farmer, supporting take-up and the risk-pooling benefits that follow; pair it with the physical risk reduction the greenhouses and shelterbelts provide.
6. Sequence the investment. Where full packages cannot be financed at once, sequence from the irrigation foundation to the greenhouse (the value driver) and then to the shelterbelt and insurance, so that early cash generation from the greenhouse helps fund the protective layers.
7. Build in maladaptation safeguards from the outset. Cap groundwater abstraction within sustainable yields, exclude diesel and coal pumping, design structures to local wind loads, secure shelterbelt survival through fencing and aftercare, and monitor market saturation — as detailed in Annex B.
[bookmark: _Toc233941718]9.4  Data gaps and verification needs
The quantitative results rest on a transparent set of assumptions, of which several are drawn from market observation, comparable projects, or modelling judgement rather than from project-specific field data. The following parameters should be verified against local evidence before scale-up; each is an editable input in the accompanying workbook, so the model can be updated as data arrive. They are listed roughly in order of their influence on the results.
1. Greenhouse price and yield (highest priority). The dominant value drivers (Section 7.1). The blended greenhouse price (MNT 4,500/kg) is deliberately conservative against observed off-season retail prices, and the yield (15–18 kg/m²/yr, two harvests) conservative against high-technology systems; both should be confirmed with local production and price records.
2. Greenhouse capital cost and design specification. Confirm the cost of the passive-solar and wind-resistant designs in current local markets, and the wind thresholds at which the robust structure becomes necessary in Dundgovi.
3. Open-field yields and the baseline. The baseline and with-drip open-field yields, and the risk discounts applied to them, should be checked against provincial farm records, particularly Dundgovi’s near-break-even baseline.
4. Agroforestry establishment cost, survival and uplift. The establishment build-up (especially fencing), the survival rate, the time to maturity, and the protective yield uplift on adjacent crops are all uncertain and should be informed by local afforestation experience (see Annex B).
5. Insurance structure. The premium rate, subsidy level and expected loss ratio should be confirmed with the insurer and against the index-based livestock insurance experience.
6. Economic adjustment factors. The import-parity uplift (15%), the standard conversion factor (0.90), the shadow wage (0.75) and the carbon quantities should be reviewed against national economic-appraisal guidance and trade data.
7. Exchange rate and unit costs. Refresh the MNT/USD rate and the solar-system and drip costs to the values prevailing at the time of procurement.
None of these uncertainties overturns the structural conclusions of the appraisal, which are robust across the tested ranges; but resolving them — above all the greenhouse price–yield combination — would sharpen the targeting of support and the planning of project reach. The accompanying analytical workbook is provided precisely so that these parameters can be updated and the full appraisal re-run as the project’s own monitoring data accumulate.

[bookmark: _Toc233941719]Annex A.  Water Resource Assessment
[bookmark: _Toc233941720]A.1  Purpose and scope
The solar-irrigation packages that anchor the project rest on one resource above all: groundwater. This annex assesses that dependence. It characterises the hydrogeological setting of the two provinces, estimates the water demand the recommended packages place on the resource, considers the availability and recharge of groundwater and the capacity of solar pumping to deliver it, and sets out the conditions under which abstraction remains sustainable. Because over-abstraction is itself a form of maladaptation — an adaptation measure that undermines the resource base on which it depends — the annex connects directly to the maladaptation framework in Annex B. The figures here are indicative planning estimates intended to frame the issue and guide a site-specific hydrogeological survey; they are not a substitute for one.
[bookmark: _Toc233941721]A.2  Hydrogeological setting
The two provinces differ fundamentally in their groundwater, and this difference drives both the cost and the sustainability of the irrigation packages. Uvurkhangai, in the relatively better-watered Khángai transition zone, has comparatively shallow and better-recharged groundwater — typically accessible at depths of around 5 to 25 metres — associated with river valleys and alluvial systems. Dundgovi, in the semi-arid Gobi steppe, has deeper groundwater — commonly 50 to 150 metres — in aquifers that receive little recharge under the prevailing low rainfall, and that in places hold water of considerable age. The practical consequences are that Uvurkhangai can use simple, direct solar pumps lifting modest heads, while Dundgovi requires more powerful pumps with battery storage to lift water from depth; and, more importantly, that the margin between sustainable abstraction and depletion is far narrower in Dundgovi than in Uvurkhangai.
[bookmark: _Toc233941722]A.3  Water demand of the recommended packages
The representative household irrigates a 500 m² open-field plot and a 300 m² greenhouse by drip, plus establishment watering of the 250 m² shelterbelt. Drip application is efficient, but protected and irrigated horticulture is still water-using. On indicative assumptions — of the order of 4–6 mm/day during the active season — peak demand is roughly 2 m³/day for the open-field plot and around 1.5–2 m³/day for the greenhouse, so a household’s peak draw is on the order of 3.5–4 m³/day, and its seasonal volume on the order of 500–800 m³/year. For a cluster of 18 households sharing one water system, that implies a peak demand of roughly 60–70 m³/day and an annual abstraction of the order of 10,000–14,000 m³. These figures are deliberately rounded; their purpose is to establish the order of magnitude that a hydrogeological survey must confirm a given borehole and aquifer can sustain.
Table A-1.  Indicative water demand, representative household and 18-household cluster
	Demand element
	Peak (m³/day)
	Seasonal (m³/year)

	Open-field plot (500 m², drip)
	~2.0
	~250

	Greenhouse (300 m², drip)
	~1.5–2.0
	~350–450

	Shelterbelt establishment (250 m²)
	low / seasonal
	~50–100

	Household total
	~3.5–4.0
	~500–800

	Cluster total (18 households)
	~60–70
	~10,000–14,000


Indicative planning estimates only, at roughly 4–6 mm/day during the active season. Actual demand depends on crop mix, season length, climate and irrigation scheduling, and actual sustainable supply depends on local aquifer properties; both require site-specific assessment.
[bookmark: _Toc233941723]A.4  Groundwater availability and recharge
Whether this demand is sustainable depends on how much the aquifer holds and how fast it is replenished. In Uvurkhangai, where groundwater is shallower and recharge from precipitation and river systems is greater, a cluster’s annual abstraction of the order of 10,000–14,000 m³ is likely to be modest relative to local recharge in many locations — though this must be confirmed site by site. In Dundgovi, recharge is low and episodic, and some aquifers are effectively non-renewable on human timescales; here the same abstraction could represent a significant draw on a slowly- or non-replenishing store. The key planning implication is asymmetric: in Uvurkhangai the binding constraint is usually local borehole yield and siting; in Dundgovi it is the sustainability of the resource itself, and abstraction must be matched not to demand but to what the aquifer can supply indefinitely.
[bookmark: _Toc233941724]A.5  Solar pumping: capacity and limits
Solar pumping shapes both the cost and the rhythm of supply. A solar pump delivers water only in daylight and in proportion to irradiance and inversely to lifting head, which is why the design pairs the pump with an elevated storage tank: the pump fills the tank by day, and gravity feeds the drip network on demand. In Uvurkhangai’s shallow settings, a modest direct-drive solar array can meet cluster demand without batteries. In Dundgovi, lifting 60–70 m³/day from 50–150 metres requires a substantially larger array and battery storage to stabilise output and extend pumping hours — the reason the Dundgovi solar system is costed several times higher than Uvurkhangai’s. Two limits follow. First, deep high-volume pumping is energy-intensive, so storage sizing and tank capacity are critical design parameters. Second — and decisively — the ease of solar pumping must not be allowed to drive abstraction beyond the aquifer’s sustainable yield: the cost of energy ceases to be the constraint precisely where the resource constraint should bind. This is the central water-related maladaptation risk, addressed next and in Annex B.
[bookmark: _Toc233941725]A.6  Water balance and sustainable abstraction
The governing principle is simple: long-run abstraction must not exceed long-run recharge (for renewable aquifers) or, for effectively non-renewable aquifers, must be held to a planned, monitored depletion rate that preserves the resource for the intended life of the investment and beyond. In practice this means three things at the cluster level: establishing the sustainable yield of the specific borehole and aquifer through a proper hydrogeological assessment before installation; setting an abstraction cap consistent with that yield; and monitoring groundwater levels over time so that any sustained drawdown triggers a reduction in abstraction or a change in cropping. Where sustainable yield is found to be below the demand of a full 18-household cluster — a real possibility in Dundgovi — the appropriate response is to size the scheme to the resource (fewer households, smaller irrigated areas, or more water-thrifty cropping), not to mine the aquifer.
[bookmark: _Toc233941726]A.7  Over-abstraction as maladaptation
An irrigation scheme that depletes the groundwater it relies on is the textbook case of maladaptation: it raises productivity and incomes in the near term while eroding the resource base, leaving the community more vulnerable in the long term than before. The risk is greatest exactly where the project is most needed — in arid Dundgovi, where water is scarce, recharge is low, and the temptation to expand irrigated area is strongest. Solar pumping, by removing the fuel cost that would otherwise restrain abstraction, can paradoxically increase this risk if not governed. The safeguard is to treat sustainable yield, not pump capacity or demand, as the design ceiling, and to embed abstraction limits and groundwater monitoring in the water-users’-association rules. This risk is carried into the maladaptation register in Annex B as the highest-priority water risk.
[bookmark: _Toc233941727]A.8  Water-resource recommendations
1. Require a site-specific hydrogeological assessment before any borehole is installed, establishing depth, yield, water quality and — critically — sustainable abstraction for each cluster, with particular rigour in Dundgovi.
2. Set and enforce abstraction caps at sustainable yield, sizing the irrigated area and cluster membership to the resource rather than to demand where the two conflict.
3. Install groundwater-level monitoring at cluster boreholes and adopt a simple rule linking sustained drawdown to reduced abstraction or changed cropping.
4. Size solar arrays and storage to the sustainable abstraction, not the maximum the aquifer could yield, so that the energy system does not enable over-pumping.
5. Prioritise water-use efficiency throughout — drip scheduling, mulching, soil-moisture monitoring, and greenhouse humidity management — to maximise output per cubic metre, especially in Dundgovi.
6. Protect water quality by monitoring for salinity and avoiding the over-irrigation that drives salinization (see Annex B).


[bookmark: _Toc233941728]Annex B.  Maladaptation Risk Management
[bookmark: _Toc233941729]B.1  The concept of maladaptation
Adaptation is not automatically benign. A measure intended to reduce vulnerability can, if poorly designed or governed, increase it — by depleting a resource, shifting risk onto others, locking in emissions, or creating new dependencies. Such outcomes are termed maladaptation. For a project that introduces irrigation, protected cultivation, tree planting and insurance into a fragile dryland environment, screening for maladaptation is not an optional refinement but a core part of responsible design. This annex identifies the maladaptation risks inherent in the recommended packages, screens each package against them, and sets out the safeguards and monitoring that keep the project on the adaptive side of the line.
[bookmark: _Toc233941730]B.2  Maladaptation risk register
Eight risks are material to the recommended packages. They are set out below with their mechanism and the design response that contains them; Table B-1 summarises them and indicates which packages each affects.
1.  Groundwater over-abstraction. The foremost risk (Annex A): irrigation that draws groundwater faster than it recharges, depleting the resource and worsening long-term vulnerability, most acutely in arid Dundgovi where solar pumping removes the fuel-cost brake on abstraction. Response: cap abstraction at surveyed sustainable yield; size schemes to the resource; monitor groundwater levels.
2.  Soil salinization and waterlogging. Irrigation in arid zones with high evaporation can concentrate salts in the root zone and, where drainage is poor, waterlog soils — progressively degrading the land the project means to make productive. Response: efficient drip rather than flood application; avoid over-irrigation; monitor soil salinity; ensure drainage; use the minimum water consistent with yield.
3.  Structural wind-failure of lightweight greenhouses. Both provinces experience strong winds; Dundgovi is severe. A greenhouse specified or sited without regard to local wind loads can be damaged or destroyed, turning a productive asset into a sunk loss and a stream of debris. This risk sits in direct tension with the cost finding of Section 7.4, which favours the cheaper passive-solar design. Response: design and anchor structures to local wind loads; use the earth-sheltered passive-solar design (which is inherently wind-sheltered) as the default; reserve and properly engineer robust structures for the most exposed micro-sites; integrate shelterbelts to reduce wind at the greenhouse.
4.  Agroforestry mortality and false establishment. Tree and shrub survival in dryland conditions is low without sustained care; afforestation in comparable settings commonly loses a large share of seedlings, and growth is slow, so a shelterbelt that is planted but not established delivers cost without benefit — and can discredit the approach. Response: fence against livestock (the largest establishment cost, and non-negotiable); provide establishment irrigation and several years of aftercare; select hardy, locally proven species; budget and monitor for survival, not merely planting.
5.  Energy and technology lock-in. Reverting to diesel or coal pumping when solar output is inconvenient, or adopting high-technology systems dependent on imported parts and skills, would lock in emissions or create fragile dependencies — undermining the project’s mitigation co-benefits and its durability. Response: exclude diesel and coal pumping by design; size solar and storage adequately; favour robust, locally maintainable technology; the feasibility study’s caution against high-technology winter greenhouses is itself a maladaptation safeguard.
6.  Market saturation and price collapse. If many households in an area simultaneously expand greenhouse vegetable production, local prices can fall, eroding the very greenhouse margin on which viability depends (and to which the result is most sensitive, per Section 7.1). Response: phase and distribute roll-out; support market access, storage and diversification of crops and outlets; monitor local prices; treat the conservative price assumption used in this appraisal as a planning prudence, not a floor.
7.  Insurance basis risk and moral hazard. Index insurance pays on an index, not on actual loss, so a farmer can suffer loss without payout (or receive payout without loss) where the index and local conditions diverge — eroding trust and protection. Poorly designed insurance can also dull incentives for on-farm risk reduction. Response: design the index to local conditions with adequate station density; combine insurance with physical risk reduction rather than substituting for it; communicate basis risk honestly; review index performance against realised losses.
8.  Dependency and inequitable access. Subsidy-dependent models can collapse when support ends, and capital-intensive packages can exclude the poorest or concentrate benefits among those who can co-finance — leaving the most vulnerable no better protected. Response: build cost-recovery and asset-replacement into water-users’-association rules; use time-bound capital subsidy rather than open-ended operating support; design targeting and group arrangements so that poorer households can participate.
Table B-1.  Maladaptation risk register and screening by package
	Risk
	Primary safeguard
	S1
	S2
	S3
	S4
	S5

	1  Groundwater over-abstraction
	Abstraction cap at sustainable yield; monitoring
	●
	●
	●
	●
	–

	2  Salinization / waterlogging
	Efficient drip; drainage; salinity monitoring
	●
	●
	●
	●
	–

	3  Greenhouse wind-failure
	Design to wind load; passive-solar default; shelterbelts
	–
	●
	–
	●
	–

	4  Agroforestry mortality
	Fencing; aftercare; hardy species; survival monitoring
	–
	–
	●
	●
	–

	5  Energy / technology lock-in
	Exclude diesel/coal; robust, maintainable tech
	●
	●
	●
	●
	–

	6  Market saturation
	Phased roll-out; market access; diversification
	○
	●
	○
	●
	–

	7  Insurance basis risk
	Local index design; pair with physical measures
	–
	–
	–
	●
	●

	8  Dependency / inequitable access
	Cost recovery; time-bound capital subsidy; targeting
	●
	●
	●
	●
	●


● = material to the package; ○ = limited relevance; – = not applicable. The fully integrated model (S4) carries the broadest risk profile precisely because it deploys all technologies; this is a reason to implement its safeguards in full, not a reason to prefer a narrower package.
[bookmark: _Toc233941731]B.3  Reading the screening
Two patterns in Table B-1 deserve emphasis. First, the water and land risks (1, 2, 5, 8) attach to every package that involves irrigation, so they are effectively universal and their safeguards should be standard practice across the project. Second, the package with the strongest returns — the integrated model (S4) — also carries the widest set of risks, because it does the most. This is not an argument for a narrower package: the appraisal shows the narrower packages are not viable, and a destroyed greenhouse or a depleted aquifer is a worse outcome than a well-safeguarded integrated scheme. It is an argument for implementing the full set of safeguards wherever the integrated model is deployed.
[bookmark: _Toc233941732]B.4  Monitoring indicators
The safeguards are only as good as the monitoring that triggers them. A minimal set of indicators, tracked at cluster level, would allow early detection of each principal risk and a timely management response.
	Risk monitored
	Indicator
	Trigger / response

	Over-abstraction
	Static groundwater level at cluster borehole (seasonal)
	Sustained year-on-year drawdown → reduce abstraction / cropping

	Salinization
	Soil electrical conductivity in irrigated plots (annual)
	Rising salinity → leaching review / reduce irrigation

	Wind-failure
	Structural inspection after high-wind events
	Damage → reinforce / re-site / revise design standard

	Agroforestry mortality
	Seedling survival rate (annual, first 5 years)
	Survival below threshold → replanting / aftercare / species review

	Market saturation
	Local greenhouse-vegetable prices (seasonal)
	Sustained price decline → phase roll-out / diversify / market support

	Insurance basis risk
	Payouts vs realised local losses (per event)
	Divergence → recalibrate index / add stations


A practical, low-cost monitoring set sufficient to keep the project on the adaptive side of each risk. Responsibility for collection sits naturally with the water-users’ association, supported by project extension staff.
[bookmark: _Toc233941733]B.5  Conclusion
None of the maladaptation risks identified here is a reason not to proceed; each is a reason to proceed carefully. The recommended packages remain sound adaptation investments provided their safeguards are built in from the outset: abstraction held within sustainable yield, irrigation managed to avoid salinization, greenhouses designed to local wind loads, shelterbelts genuinely established and not merely planted, fossil-fuel pumping excluded, roll-out phased to protect prices, insurance designed to local conditions, and access designed to be equitable and self-sustaining. With these safeguards and the monitoring set out above, the project’s adaptation measures will reduce vulnerability without the unintended consequences that turn adaptation into maladaptation.


[bookmark: _Toc233941734]Annex C.  The Analytical Workbook
The quantitative results in this report are produced by an accompanying Microsoft Excel workbook, supplied as a separate deliverable. The workbook is fully auditable and formula-driven: every financial and economic indicator is recomputed by the spreadsheet from the underlying annual cash-flow streams, which in turn reference a single sheet of assumptions through named ranges. Changing any input assumption causes the entire model — enterprise budgets, scenario cash flows, indicators and summary — to recalculate. The workbook is therefore not a static record of the numbers in this report but a live tool for updating them as the project’s own data accumulate (see Section 9.4).
The workbook comprises seven worksheets. A README sheet documents purpose, unit of analysis, the scenario framework and the colour convention. An Assumptions sheet holds every input parameter as a labelled, colour-coded named range, with its source noted. An Enterprise Budgets sheet builds the per-activity gross margins of Section 4. Two Financial CBA sheets — one per province — lay out the full year-by-year cash-flow streams and compute net present value, internal rate of return, benefit–cost ratio and payback for every scenario, including, for Dundgovi, the passive-solar base case and the polycarbonate co-financed variant. An Economic CBA sheet applies the import-parity, conversion-factor and carbon adjustments to derive the economic indicators. Finally, a Summary and Sensitivity sheet draws the headline results together through live cross-sheet links and reproduces the discount-rate, tornado, horizon, cluster and insurance sensitivities of Section 7. A colour convention runs throughout: blue for inputs, black for formulas, green for cross-sheet links, and a highlight for key outputs. Parameters awaiting field verification (Section 9.4) are flagged within the Assumptions sheet. The full year-by-year cash-flow streams of the two Financial CBA sheets are reproduced in condensed form in Annex D.


[bookmark: _Toc233941735]Annex D.  Scenario Cash-Flow Tables
This annex reproduces, in condensed form, the year-by-year incremental cash flows that underpin every indicator in this report. The tables correspond one-to-one to the scenario blocks of the two Financial CBA sheets of the analytical workbook (Annex C): all values are incremental over the S0 baseline, per representative household, in constant 2026 USD. The discounted column applies the 10% real financial discount rate; the final column accumulates it, so the year in which the cumulative discounted flow turns positive is the discounted payback year, and its year-15 value is the net present value reported in Sections 5 and 6. The scenarios follow Table 49 (Section 8.5) of the Feasibility and Technology Report; for Dundgovi, both the passive-solar base case and the polycarbonate co-financed variant are shown. Minor differences from the rounded figures in the main text reflect rounding only; the workbook remains the authoritative calculation.
[bookmark: _Toc233941736]D.1  Uvurkhangai
Table D-1.  Uvurkhangai · S1 — Improved irrigation — incremental cash flow (USD, per household)
	Year
	Capital cost
	Incremental benefit
	Operating cost
	Net cash flow
	Discounted net (10%)
	Cumulative discounted

	0
	400
	–
	–
	(400)
	(400)
	(400)

	1
	–
	24
	4
	21
	19
	(381)

	2
	–
	24
	4
	21
	17
	(364)

	3
	–
	24
	4
	21
	16
	(349)

	4
	–
	24
	4
	21
	14
	(334)

	5
	–
	24
	4
	21
	13
	(322)

	6
	–
	24
	4
	21
	12
	(310)

	7
	135
	24
	4
	(114)
	(59)
	(369)

	8
	–
	24
	4
	21
	10
	(359)

	9
	–
	24
	4
	21
	9
	(350)

	10
	–
	24
	4
	21
	8
	(342)

	11
	–
	24
	4
	21
	7
	(335)

	12
	56
	24
	4
	(36)
	(11)
	(346)

	13
	–
	24
	4
	21
	6
	(340)

	14
	135
	24
	4
	(114)
	(30)
	(370)

	15
	–
	24
	4
	21
	5
	(365)

	Total
	726
	366
	56
	(416)
	(365)
	


NPV (10%, 15 yr) = $(365); IRR = n/a; BCR = 0.34; payback ≈ >15 years.
Table D-2.  Uvurkhangai · S2 — Irrigation + Greenhouse — incremental cash flow (USD, per household)
	Year
	Capital cost
	Incremental benefit
	Operating cost
	Net cash flow
	Discounted net (10%)
	Cumulative discounted

	0
	6,535
	–
	–
	(6,535)
	(6,535)
	(6,535)

	1
	–
	3,409
	454
	2,955
	2,686
	(3,849)

	2
	–
	3,409
	454
	2,955
	2,442
	(1,407)

	3
	–
	3,409
	454
	2,955
	2,220
	813

	4
	–
	3,409
	454
	2,955
	2,018
	2,832

	5
	–
	3,409
	454
	2,955
	1,835
	4,666

	6
	–
	3,409
	454
	2,955
	1,668
	6,334

	7
	216
	3,409
	454
	2,739
	1,405
	7,740

	8
	–
	3,409
	454
	2,955
	1,378
	9,118

	9
	–
	3,409
	454
	2,955
	1,253
	10,371

	10
	1,800
	3,409
	454
	1,155
	445
	10,817

	11
	–
	3,409
	454
	2,955
	1,036
	11,852

	12
	56
	3,409
	454
	2,899
	924
	12,776

	13
	–
	3,409
	454
	2,955
	856
	13,632

	14
	216
	3,409
	454
	2,739
	721
	14,353

	15
	–
	3,409
	454
	2,955
	707
	15,060

	Total
	8,823
	51,129
	6,806
	35,500
	15,060
	


NPV (10%, 15 yr) = $15,060; IRR = 44.6%; BCR = 2.39; payback ≈ 3 years.
Table D-3.  Uvurkhangai · S3 — Irrigation + Agroforestry (EbA) — incremental cash flow (USD, per household)
	Year
	Capital cost
	Incremental benefit
	Operating cost
	Net cash flow
	Discounted net (10%)
	Cumulative discounted

	0
	720
	–
	–
	(720)
	(720)
	(720)

	1
	–
	(88)
	4
	(92)
	(83)
	(803)

	2
	37
	(88)
	4
	(129)
	(106)
	(910)

	3
	–
	(42)
	4
	(46)
	(34)
	(944)

	4
	–
	4
	4
	1
	0
	(944)

	5
	–
	51
	4
	47
	29
	(914)

	6
	–
	101
	4
	97
	55
	(859)

	7
	135
	101
	4
	(38)
	(19)
	(879)

	8
	–
	101
	4
	97
	45
	(833)

	9
	–
	101
	4
	97
	41
	(792)

	10
	–
	101
	4
	97
	38
	(754)

	11
	–
	101
	4
	97
	34
	(720)

	12
	56
	101
	4
	41
	13
	(707)

	13
	–
	101
	4
	97
	28
	(679)

	14
	135
	101
	4
	(38)
	(10)
	(689)

	15
	–
	101
	4
	97
	23
	(665)

	Total
	1,083
	849
	56
	(290)
	(665)
	


NPV (10%, 15 yr) = $(665); IRR = -3.5%; BCR = 0.26; payback ≈ >15 years.


Table D-4.  Uvurkhangai · S4 — Full Integrated Model — incremental cash flow (USD, per household)
	Year
	Capital cost
	Incremental benefit
	Operating cost
	Net cash flow
	Discounted net (10%)
	Cumulative discounted

	0
	6,855
	–
	–
	(6,855)
	(6,855)
	(6,855)

	1
	–
	3,608
	662
	2,946
	2,679
	(4,176)

	2
	37
	3,608
	662
	2,910
	2,405
	(1,772)

	3
	–
	3,655
	662
	2,993
	2,248
	477

	4
	–
	3,701
	662
	3,039
	2,076
	2,552

	5
	–
	3,747
	662
	3,085
	1,916
	4,468

	6
	–
	3,798
	662
	3,136
	1,770
	6,238

	7
	216
	3,798
	662
	2,920
	1,498
	7,736

	8
	–
	3,798
	662
	3,136
	1,463
	9,199

	9
	–
	3,798
	662
	3,136
	1,330
	10,529

	10
	1,800
	3,798
	662
	1,336
	515
	11,044

	11
	–
	3,798
	662
	3,136
	1,099
	12,143

	12
	56
	3,798
	662
	3,079
	981
	13,124

	13
	–
	3,798
	662
	3,136
	908
	14,033

	14
	216
	3,798
	662
	2,920
	769
	14,802

	15
	–
	3,798
	662
	3,136
	751
	15,552

	Total
	9,180
	56,296
	9,929
	37,187
	15,552
	


NPV (10%, 15 yr) = $15,552; IRR = 43.1%; BCR = 2.22; payback ≈ 3 years.
Table D-5.  Uvurkhangai · S5 — Insurance only — incremental cash flow (USD, per household)
	Year
	Capital cost
	Incremental benefit
	Operating cost
	Net cash flow
	Discounted net (10%)
	Cumulative discounted

	0
	–
	–
	–
	–
	–
	–

	1
	–
	8
	5
	3
	2
	2

	2
	–
	8
	5
	3
	2
	5

	3
	–
	8
	5
	3
	2
	7

	4
	–
	8
	5
	3
	2
	8

	5
	–
	8
	5
	3
	2
	10

	6
	–
	8
	5
	3
	1
	12

	7
	–
	8
	5
	3
	1
	13

	8
	–
	8
	5
	3
	1
	14

	9
	–
	8
	5
	3
	1
	15

	10
	–
	8
	5
	3
	1
	16

	11
	–
	8
	5
	3
	1
	17

	12
	–
	8
	5
	3
	1
	18

	13
	–
	8
	5
	3
	1
	19

	14
	–
	8
	5
	3
	1
	20

	15
	–
	8
	5
	3
	1
	20

	Total
	–
	119
	79
	40
	20
	


NPV (10%, 15 yr) = $20; IRR = n/a; BCR = 1.50; payback ≈ 0 years.
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Table D-6.  Dundgovi · S1 — Improved irrigation — incremental cash flow (USD, per household)
	Year
	Capital cost
	Incremental benefit
	Operating cost
	Net cash flow
	Discounted net (10%)
	Cumulative discounted

	0
	789
	–
	–
	(789)
	(789)
	(789)

	1
	–
	23
	15
	8
	8
	(781)

	2
	–
	23
	15
	8
	7
	(774)

	3
	–
	23
	15
	8
	6
	(768)

	4
	–
	23
	15
	8
	6
	(762)

	5
	–
	23
	15
	8
	5
	(757)

	6
	–
	23
	15
	8
	5
	(752)

	7
	135
	23
	15
	(127)
	(65)
	(817)

	8
	170
	23
	15
	(162)
	(75)
	(893)

	9
	–
	23
	15
	8
	4
	(889)

	10
	–
	23
	15
	8
	3
	(886)

	11
	–
	23
	15
	8
	3
	(883)

	12
	219
	23
	15
	(210)
	(67)
	(950)

	13
	–
	23
	15
	8
	2
	(948)

	14
	135
	23
	15
	(127)
	(33)
	(981)

	15
	–
	23
	15
	8
	2
	(979)

	Total
	1,448
	344
	219
	(1,322)
	(979)
	


NPV (10%, 15 yr) = $(979); IRR = n/a; BCR = 0.15; payback ≈ >15 years.
Table D-7.  Dundgovi · S2 — Irrigation + Greenhouse [passive solar, base case] — incremental cash flow (USD, per household)
	Year
	Capital cost
	Incremental benefit
	Operating cost
	Net cash flow
	Discounted net (10%)
	Cumulative discounted

	0
	6,924
	–
	–
	(6,924)
	(6,924)
	(6,924)

	1
	–
	2,239
	765
	1,475
	1,341
	(5,583)

	2
	–
	2,239
	765
	1,475
	1,219
	(4,365)

	3
	–
	2,239
	765
	1,475
	1,108
	(3,257)

	4
	–
	2,239
	765
	1,475
	1,007
	(2,249)

	5
	–
	2,239
	765
	1,475
	916
	(1,334)

	6
	–
	2,239
	765
	1,475
	832
	(501)

	7
	216
	2,239
	765
	1,259
	646
	145

	8
	170
	2,239
	765
	1,305
	609
	753

	9
	–
	2,239
	765
	1,475
	625
	1,378

	10
	–
	2,239
	765
	1,475
	569
	1,947

	11
	–
	2,239
	765
	1,475
	517
	2,464

	12
	2,619
	2,239
	765
	(1,144)
	(365)
	2,099

	13
	–
	2,239
	765
	1,475
	427
	2,527

	14
	216
	2,239
	765
	1,259
	331
	2,858

	15
	–
	2,239
	765
	1,475
	353
	3,211

	Total
	10,145
	33,589
	11,469
	11,975
	3,211
	


NPV (10%, 15 yr) = $3,211; IRR = 18.3%; BCR = 1.23; payback ≈ 5 years.
Table D-8.  Dundgovi · S2 — Irrigation + Greenhouse [polycarbonate, co-financed variant] — incremental cash flow (USD, per household)
	Year
	Capital cost
	Incremental benefit
	Operating cost
	Net cash flow
	Discounted net (10%)
	Cumulative discounted

	0
	14,424
	–
	–
	(14,424)
	(14,424)
	(14,424)

	1
	–
	2,239
	765
	1,475
	1,341
	(13,083)

	2
	–
	2,239
	765
	1,475
	1,219
	(11,865)

	3
	–
	2,239
	765
	1,475
	1,108
	(10,757)

	4
	–
	2,239
	765
	1,475
	1,007
	(9,749)

	5
	–
	2,239
	765
	1,475
	916
	(8,834)

	6
	–
	2,239
	765
	1,475
	832
	(8,001)

	7
	216
	2,239
	765
	1,259
	646
	(7,355)

	8
	170
	2,239
	765
	1,305
	609
	(6,747)

	9
	–
	2,239
	765
	1,475
	625
	(6,122)

	10
	–
	2,239
	765
	1,475
	569
	(5,553)

	11
	–
	2,239
	765
	1,475
	517
	(5,036)

	12
	2,619
	2,239
	765
	(1,144)
	(365)
	(5,401)

	13
	–
	2,239
	765
	1,475
	427
	(4,973)

	14
	216
	2,239
	765
	1,259
	331
	(4,642)

	15
	–
	2,239
	765
	1,475
	353
	(4,289)

	Total
	17,645
	33,589
	11,469
	4,475
	(4,289)
	


NPV (10%, 15 yr) = $(4,289); IRR = 3.9%; BCR = 0.80; payback ≈ 11 years.
Table D-9.  Dundgovi · S3 — Irrigation + Agroforestry (EbA) — incremental cash flow (USD, per household)
	Year
	Capital cost
	Incremental benefit
	Operating cost
	Net cash flow
	Discounted net (10%)
	Cumulative discounted

	0
	1,109
	–
	–
	(1,109)
	(1,109)
	(1,109)

	1
	–
	(90)
	15
	(104)
	(95)
	(1,204)

	2
	37
	(90)
	15
	(141)
	(116)
	(1,320)

	3
	–
	(59)
	15
	(73)
	(55)
	(1,375)

	4
	–
	(28)
	15
	(42)
	(29)
	(1,404)

	5
	–
	3
	15
	(12)
	(7)
	(1,411)

	6
	–
	35
	15
	20
	11
	(1,400)

	7
	135
	35
	15
	(115)
	(59)
	(1,459)

	8
	170
	35
	15
	(150)
	(70)
	(1,529)

	9
	–
	35
	15
	20
	8
	(1,521)

	10
	–
	35
	15
	20
	8
	(1,513)

	11
	–
	35
	15
	20
	7
	(1,506)

	12
	219
	35
	15
	(199)
	(63)
	(1,569)

	13
	–
	35
	15
	20
	6
	(1,564)

	14
	135
	35
	15
	(115)
	(30)
	(1,594)

	15
	–
	35
	15
	20
	5
	(1,589)

	Total
	1,805
	82
	219
	(1,941)
	(1,589)
	


NPV (10%, 15 yr) = $(1,589); IRR = n/a; BCR = -0.06; payback ≈ >15 years.
Table D-10.  Dundgovi · S4 — Full Integrated Model [passive solar, base case] — incremental cash flow (USD, per household)
	Year
	Capital cost
	Incremental benefit
	Operating cost
	Net cash flow
	Discounted net (10%)
	Cumulative discounted

	0
	7,244
	–
	–
	(7,244)
	(7,244)
	(7,244)

	1
	–
	2,384
	936
	1,448
	1,316
	(5,928)

	2
	37
	2,384
	936
	1,411
	1,166
	(4,761)

	3
	–
	2,415
	936
	1,479
	1,111
	(3,651)

	4
	–
	2,445
	936
	1,509
	1,031
	(2,620)

	5
	–
	2,476
	936
	1,540
	956
	(1,663)

	6
	–
	2,508
	936
	1,572
	887
	(776)

	7
	216
	2,508
	936
	1,356
	696
	(80)

	8
	170
	2,508
	936
	1,402
	654
	574

	9
	–
	2,508
	936
	1,572
	667
	1,240

	10
	–
	2,508
	936
	1,572
	606
	1,847

	11
	–
	2,508
	936
	1,572
	551
	2,397

	12
	2,619
	2,508
	936
	(1,047)
	(334)
	2,064

	13
	–
	2,508
	936
	1,572
	455
	2,519

	14
	216
	2,508
	936
	1,356
	357
	2,876

	15
	–
	2,508
	936
	1,572
	376
	3,253

	Total
	10,502
	37,182
	14,039
	12,641
	3,253
	


NPV (10%, 15 yr) = $3,253; IRR = 17.8%; BCR = 1.21; payback ≈ 5 years.
Table D-11.  Dundgovi · S4 — Full Integrated Model [polycarbonate, co-financed variant] — incremental cash flow (USD, per household)
	Year
	Capital cost
	Incremental benefit
	Operating cost
	Net cash flow
	Discounted net (10%)
	Cumulative discounted

	0
	14,744
	–
	–
	(14,744)
	(14,744)
	(14,744)

	1
	–
	2,384
	936
	1,448
	1,316
	(13,428)

	2
	37
	2,384
	936
	1,411
	1,166
	(12,261)

	3
	–
	2,415
	936
	1,479
	1,111
	(11,151)

	4
	–
	2,445
	936
	1,509
	1,031
	(10,120)

	5
	–
	2,476
	936
	1,540
	956
	(9,163)

	6
	–
	2,508
	936
	1,572
	887
	(8,276)

	7
	216
	2,508
	936
	1,356
	696
	(7,580)

	8
	170
	2,508
	936
	1,402
	654
	(6,926)

	9
	–
	2,508
	936
	1,572
	667
	(6,260)

	10
	–
	2,508
	936
	1,572
	606
	(5,653)

	11
	–
	2,508
	936
	1,572
	551
	(5,103)

	12
	2,619
	2,508
	936
	(1,047)
	(334)
	(5,436)

	13
	–
	2,508
	936
	1,572
	455
	(4,981)

	14
	216
	2,508
	936
	1,356
	357
	(4,624)

	15
	–
	2,508
	936
	1,572
	376
	(4,247)

	Total
	18,002
	37,182
	14,039
	5,141
	(4,247)
	


NPV (10%, 15 yr) = $(4,247); IRR = 4.3%; BCR = 0.82; payback ≈ 10 years.
Table D-12.  Dundgovi · S5 — Insurance only — incremental cash flow (USD, per household)
	Year
	Capital cost
	Incremental benefit
	Operating cost
	Net cash flow
	Discounted net (10%)
	Cumulative discounted

	0
	–
	–
	–
	–
	–
	–

	1
	–
	5
	4
	2
	2
	2

	2
	–
	5
	4
	2
	1
	3

	3
	–
	5
	4
	2
	1
	4

	4
	–
	5
	4
	2
	1
	6

	5
	–
	5
	4
	2
	1
	7

	6
	–
	5
	4
	2
	1
	8

	7
	–
	5
	4
	2
	1
	9

	8
	–
	5
	4
	2
	1
	9

	9
	–
	5
	4
	2
	1
	10

	10
	–
	5
	4
	2
	1
	11

	11
	–
	5
	4
	2
	1
	11

	12
	–
	5
	4
	2
	1
	12

	13
	–
	5
	4
	2
	1
	13

	14
	–
	5
	4
	2
	0
	13

	15
	–
	5
	4
	2
	0
	13

	Total
	–
	79
	53
	26
	13
	


NPV (10%, 15 yr) = $13; IRR = n/a; BCR = 1.50; payback ≈ 0 years.
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