nnovations in
Agriculture

Innovations in Agriculture 9: €180728
doi: 10.3897/ia.2026.180728

Comparative profitability analysis of land
uses between Eucalyptus woodlot and crop
production: evidence from Dangila Woreda,

Northwest Ethiopia

Abdulkerim Getachew'®, Abebe Birara?®, Kassa Chanie'

1 Policy and Socioeconomics Research Program, Ethiopian Forestry Development, Bahir Dar Center, Bahir Dar, Ethiopia

2 Department of Agricultural Economics, University of Gondar, Gondar, Ethiopia

Corresponding author: Abdulkerim Getachew (abdulkerimg@efd.gov.et)

Academic editor: Ismet Boz ¢ Received 28 November 2025 ¢ Accepted 5 June 2026 ¢ Published 30 July 2026

Abstract

This study assessed the financial profitability of two land use systems (Eucalyptus versus crop production) in Dangila
Woreda, where there is a significant shift toward Eucalyptus woodlots. The expansion of Eucalyptus on arable land com-
petes with food crop production and threatens household food security in the study area. Previously, land use allocation
was not based on systematic feasibility assessments. This study evaluated the profitability of the two land uses using fi-
nancial indicators (NPV and BCR). A multi-stage sampling technique was used to select 316 respondents from four ran-
domly selected kebeles. To evaluate financial profitability, both primary and secondary data were used, including focus
group discussions, key informant interviews, and household surveys. The collected data were analyzed using descriptive
statistics, t-tests, chi-square tests, trend analysis, and NPV and BCR analyses. The results showed that Eucalyptus wood-
lot plantations have increased in area over time. The profitability analysis indicated that the Eucalyptus investment gen-
erates a significantly higher NPV of 193,978.66 ETB/ha and a BCR of 4.69, whereas crop production yields an NPV of
162,699.13 ETB/ha and a BCR of 1.32. Across sensitivity analysis scenarios, Eucalyptus plantations consistently provide
higher net returns and a more favorable return on investment. Despite its higher return, the Eucalyptus planting site

must be identified and chosen in consultation with experts to minimize competition with food production.
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Introduction

Agriculture remains the cornerstone of Ethiopia’s econo-
my, contributing approximately 33% to the national gross
domestic product (GDP) and employing over 70% of the
rural workforce (NPC 2018; World Bank 2020). Within
this sector, smallholder crop production is the prima-
ry means of supporting regional food security and local
livelihoods (FAO 2023). However, the financial viability of

traditional cereal farming is increasingly compromised by
escalating production barriers, including surging prices of
essential inputs such as chemical fertilizers and improved
seeds, erratic rainfall patterns, and progressive land deg-
radation (Zerssa et al. 2021; Belay and Melka 2024). In
Northwest Ethiopia, declining cropland productivity has
prompted smallholders to seek alternative land-use strat-
egies that offer higher long-run economic returns and
greater income stability (Mulu et al. 2022; Tesfaw et al.
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2022). Empirical evidence indicates that Eucalyptus wood-
lots often outperform staple crop monocultures in income
diversification (Belay and Melka 2024; Debie 2024). Con-
sequently, the conversion of marginal or less-favored lands
into Eucalyptus plantations has emerged as a critical di-
versification strategy to sustain household incomes amid
rising costs and risks associated with conventional agri-
culture (Alemayehu and Melka 2022; Tesfaw et al. 2022).

This economic shift has triggered a widespread land-
use transition: the rapid conversion of diversified agricul-
tural croplands into fast-growing Eucalyptus monoculture
woodlots, particularly across Ethiopia’s northwest highlands
(Tesfaw et al. 2021; Zerga et al. 2021). Initially introduced to
address severe deficits in construction timber and fuelwood,
Eucalyptus has emerged as a highly competitive cash crop be-
cause of its rapid biomass accumulation, minimal manage-
ment requirements, strong coppicing ability, and resilience
to livestock browsing (Alemayehu and Melka 2022). While
this shift offers substantial and stable cash returns to rural
households, the aggregate expansion of woodlots presents
a critical “food versus wood” paradox (Ayana and Lejissa
2018). As fertile valley floors and grazing lands are converted
to monoculture woodlots, local food crop production areas
shrink, threatening long-term food security and placing in-
tense pressure on dwindling communal land resources.

In the Dangila district of Northwest Ethiopia, the com-
petition for land use between smallholder timber produc-
tion and traditional agriculture has intensified. Local agri-
cultural records indicate that approximately 22% of fertile
farmlands and 12.22% of pasturelands have already been
converted into Eucalyptus woodlots (Dangila Woreda Of-
fice of Agriculture [DWOA], 2023). This localized trend
mirrors a broader regional phenomenon in the Amhara
highlands, where market-driven expansion is rapidly re-
shaping the landscape (Alemayehu and Melka 2022). De-
spite the conspicuous scale of this transformation, there
remains a paucity of empirical, household-level evidence
evaluating whether smallholders allocate land based on
systematic financial indicators or whether the returns
from Eucalyptus truly outcompete crop production under
current shifting market dynamics (Tesfaw et al. 2022).

While regional literature has long recognized the broad
profitability of Eucalyptus (Addis et al. 2016), a significant
research gap remains regarding land-allocation choices
amid recent macroeconomic shifts, including fluctuating
timber values and rising crop commodity prices (Debie
2024). Consequently, empirical data using discounted
cash flow (DCF) indicators, specifically Net Present Val-
ue (NPV) and Benefit-Cost Ratio (BCR), are essential
for comparing these competing land systems. To address
these gaps, this study systematically evaluates the finan-
cial dynamics of smallholder land-use choices in Dangila
through two primary objectives:

v To assess the temporal trends and structural expan-
sion rates of Eucalyptus woodlot allocations relative
to traditional croplands over a 15-year trajectory
(2009-2024).

v To conduct a rigorous comparative financial analysis
of the net economic returns, NPV, and BCR of Euca-
lyptus woodlots versus traditional crop production
at the smallholder level.

Literature review and conceptual framework

To analyze the conversion of smallholder cropland to Eu-
calyptus woodlots, this study is anchored in agricultural
land-use decision theory and random utility theory (Mc-
Fadden 1974). Under the traditional profit maximization
behavior model, a smallholder selects a specific land allo-
cation pattern to maximize expected multi-year net utility
subject to household resource constraints (Barnum and
Squire 1979). However, smallholder decisions in develop-
ing economies are often influenced by market imperfec-
tions and production risks rather than financial returns
alone (Sadoulet and de Janvry 1995). Random utility theo-
ry posits that a farmer chooses Eucalyptus cultivation over
traditional annual crops if the perceived total utility of tree
planting (U, ) exceeds the utility of annual cropping (U,)
(McFadden 1974; Greene 2018). The choice of smallhold-
ers to transition toward tree production can be framed as
a multi-criteria decision system, visually mapped in Fig. 1.

Description of the study area

The study was conducted in Dangila district, Amhara re-
gion. Dangila is one of the 12 districts found in the Awi
zone (Fig. 2). It is characterized by mid-altitude agroe-
cology with a mixed farming system. The district has
11°16'N, 36°50'E. The total farming land area is 55,213 ha.
According to the Dangila Woreda Office of Agriculture
(DWOA) report (2023), the current land use pattern in-
cludes 78% cultivated land, 15.84% pastureland, 2.95%
forestland, and the rest for other uses. The mean annual
rainfall is 1200-1400 mm, with Belg and Meher cropping
seasons. Its altitude ranges from 1980 to 2150 m above sea
level, allowing a favorable opportunity for wider crop and
better livestock production. Most of the farmland is allo-
cated for annual crops, whereas cereals cover 11,572.5 ha.
Pulses cover 22,667 ha. Oilseeds cover 2,761 ha; root
crops cover 1,034.29 ha, and vegetables cover 3,733 ha.
The major crops include maize, Teft, finger millet, and
pulse crops, in order of area coverage (DWOA 2023).

Research design

This study utilizes a retrospective, mixed-methods
cross-sectional research design. While analyzing a 15-
year historical production horizon (2009-2024) through
a cross-sectional approach introduces potential recall
bias, this design was necessary because longitudinal panel
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Figure 1. Conceptual framework of smallholder land-use allocation.
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Figure 2. Map of the study area.

records are absent at the local smallholder level in the study
area. To ensure data reliability and minimize recall errors
over the 15-year window, several data triangulation and
quality control protocols were implemented (Deaton 2019).

First, physical farm inputs (seedlings, fertilizer, labor
days) and harvest outputs were documented using local
structural landmarks and critical timeline benchmarks
(e.g., major national droughts, elections, and family
milestones) to anchor the participants memories. Sec-
ond, self-reported data were systematically cross-verified
against official archives kept by the Dangila Woreda Office
of Agriculture (DWOA), agricultural extension registries,
and historical crop yield estimates. Third, non-market
inputs, such as traditional mutual-aid exchange labor

(Debo), were converted into monetary terms based on
corresponding historical local market wage records.

Sampling technique and sample size determina-
tion

A multi-stage sampling design involving purposive selec-
tion, simple random sampling, systematic random sam-
pling, and stratification was used to select the study units.
In the first stage, out of the 29 administrative kebeles (vil-
lages) in the district, 12 kebeles were purposively selected
in consultation with agricultural extension experts. The
primary selection criterion was the widespread presence

Innovations in Agriculture
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of smallholder Eucalyptus woodlot cultivation with a his-
tory exceeding the 15-year target window of this financial
analysis. In the second stage, four kebeles, namely Dubi,
Kuancha, Abadra, and Gumdri, were randomly selected
from the 12 targeted kebeles. The target population with-
in the twelve kebeles was (N = 15,319 households). The
total sample size was determined using Cochran’s (1963)
formula, given the variability in incidence and participa-
tion in planting the Eucalyptus woodlot. N = (N zA2 PQ)/
(er2 (N - 1) +z/A2 PQ), where N = the total target house-
holds, n = the required sample size, e = the precision lev-
el (+5%), the confidence level is 95%, P = the proportion
of Eucalyptus planters (70%), and Q = 1 - P (the portion
of non-planters, 30%). By substituting the values into the
formula, it becomes n = (15319 x 1.9672 x 0.7 x 0.3)/
(0.05/2 (15319 = 1) + 1.96A2 x 0.7 x 0.3) = 316.

Households within the four randomly selected kebe-
les were stratified into two distinct subgroups using offi-
cial local agricultural registries: Eucalyptus planters and
non-planters. Finally, from each stratum, proportional
sample units were selected from each kebele using a sys-
tematic random sampling technique. The sample sizes for
the study kebeles were 60, 80, 76, and 100 for Dubi, Kuan-
cha, Abadra, and Gumdri, respectively (Table 1).

Data type, source, and method of data collec-
tion

Primary data were gathered using a mixed-methods ap-
proach comprising structured household surveys, focus
group discussions (FGDs), and key informant interviews
(K1Is). To capture accurate cost and revenue streams over
the 15-year production lifetime (2009-2024), structured
questionnaires were translated into Amharic and admin-
istered by trained enumerators. Survey plots were tracked
by registration and ownership duration. Farmers record-
ed physical input volumes (kilograms of fertilizer, seed
volumes, seedling counts, and labor days for clearing,
digging, planting, weeding, thinning, guarding, and har-
vesting) and physical outputs (crop yields in quintals and
timber harvest volumes by log size).

Qualitative data were systematically collected to con-
textualize community land-use choice dynamics and tri-
angulate input-output estimates. Eight FGDs were con-
ducted across the four kebeles (2 FGDs per kebele). To
avoid power dynamics and social friction, planters and
non-planters were interviewed in separate sessions. Each
group comprised 8 to 12 participants and maintained

Table 1. Sample households in the study kebele.

balanced gender representation (at least 35% female
participants per session) to reflect diverse household fi-
nancial perspectives. Additionally, eight KIIs were con-
ducted with development agents, kebele administrators,
local agricultural experts, and veteran community lead-
ers. The KIIs focused on community land-use shifts, re-
gional supply shocks, and historical input price changes
over the 15 years.

Valuation and financial framework

Utilizing nominal historical values or unadjusted “cur-
rent market prices” would distort the comparison due to
the compounding effects of domestic inflation (Sinden
and Adelman 2024). Because this study tracks a 15-year
historical production horizon (2009-2024), it would dis-
tort the comparison due to the compounding effects of
domestic inflation. To ensure financial validity, all his-
torical costs and revenues were reconstructed using an
asset-valuation approach based on real, inflation-adjusted
values (Campbell and Brown 2003). This adjustment iso-
lates real purchasing power, establishing a stable financial
baseline before discounting cash flows. Information gath-
ered from KIIs with local merchants and timber brokers
was integrated into this model to build consistent price
tracks for non-marketed inputs (such as exchange labor)
and intermediate wood assets (such as poles and charcoal
wood). To ensure financial validity, all historical costs and
revenues were reconstructed using an asset-valuation ap-
proach based on real, inflation-adjusted values.

Method of data analysis

Quantitative survey data were analyzed using descrip-
tive and inferential statistics, as well as discounted cash
flow models. At the same time, qualitative transcripts
from FGDs and KIIs were coded using thematic analysis
to explain the economic drivers of the observed trends.
Continuous socioeconomic variables were tested using in-
dependent-samples t-tests, and categorical variables were
examined using Pearson’s chi-square (X/2) tests. Trend
analysis was employed as a design research methodology
to evaluate trends in Eucalyptus plantations in the study
area. A trend is a pattern observed in a series of events or
data points, indicating a general tendency or direction of
change over time. Trend analysis involves collecting and
examining data to identify and interpret these patterns,

Study Kebeles Total Households (N,) Planters (n, ) (70%) Non-Planters (n, ) (30%) Total sample (n,)
Dubi 687 42 18 60
Kuancha 921 56 24 80
Abadra 873 53 23 76
Gumdri 1,135 70 30 100
Total 3,616 221 95 316
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often to support forecasting or strategic decision-making
(KV and Kavya 2016; Postma and Papp 2021).

To model the economic profitability of competing
land-use types over time, a complete 15-year time series of
real cash flows was constructed for each crop and woodlot
system. This structure accounts for the multi-year cycle
of Eucalyptus, in which major costs are front-loaded dur-
ing land preparation and planting in Year 0, followed by
minor management costs, and large revenues are realized
only during clear-cutting harvests at the end of the rota-
tion cycles (typically Year 5, Year 10, and Year 15). Con-
versely, crop cash flows follow a recurring annual pattern
of input investment and harvesting.

Net present value (NPV) and benefit-cost ratio (BCR)

Net Present Value (NPV) and Benefit-Cost Ratio (BCR) anal-
yses were conducted for two mutually exclusive land uses. To
reflect the time value of money on an annual basis, the cash
flows were discounted using an annualized real discount rate
(r) of 7%. This rate was derived by annualizing the standard
loan and lending rate set by the National Bank of Ethiopia
(NBE) and adjusting for long-term core inflation to capture
the true opportunity cost of capital for rural smallholders.

The NPV aggregates the discounted stream of real net
benefits over the analysis period (Boardman et al. 2018).
A land-use option is deemed financially profitable if its
NPV is greater than zero, and the option with the high-
est NPV represents the superior investment choice among
competing alternatives (Gittinger 1982).

NPV =) (Bt—Ct)/(1+1)" (1)

t=0
Where:

B, = Total real revenue/benefits generated from the spe-
cific land use in year t.

C, = Total real production and establishment costs in-
curred in year t.

r = Annualized real discount rate (7% = 0.07).

t = The specific year in the production horizon, ranging
from Year O to Year n (n = 15). The BCR measures the rel-
ative efficiency of the land investment by comparing the
total present value of real benefits directly against the total
present value of real costs (Boardman et al. 2018). An in-
vestment is viable if its BCR is greater than 1.0, with high-
er ratios demonstrating greater return per unit of capital
invested (Gittinger 1982).

BCR = (i Bt/(1+ r)t> / <i Ct/(1+ r)t> (2)
t=0 t=0

An investment project is considered feasible only if the
NPV is greater than zero (Suparwata et al. 2022). A higher
NPV indicates greater economic feasibility. An investment
project is feasible if and only if the BCR is greater than one
(Suparwata et al. 2022). The BCR serves as a measure of
investment return and is suitable for land users aiming to
maximize limited investments. The expected annual income
from the land use was discounted at 7%, consistent with in-
terest rates on standard loans and the lending rate set by the

National Bank of Ethiopia (NBE 2017). Costs and revenues
were discounted to compute NPV and to compare the eco-
nomic return of competing or mutually exclusive land uses.

Sensitivity analysis

Given the inherent uncertainties in long-term agricultural
and forestry investments, a sensitivity analysis was incorpo-
rated into the financial model to test the robustness of the
baseline Net Present Value (NPV) and Benefit-Cost Ratio
(BCR) calculations (Boardman et al. 218). While the baseline
evaluation relied on a 7% discount rate and constant 2024
prices, macroeconomic instability, market saturation, and
agricultural input price volatility necessitate stress-testing
these indicators to ensure reliable policy recommendations.
The financial viability of both Eucalyptus woodlots and
crop production was re-evaluated under two scenarios:

» Scenario 1: discount rate adjusted to 12% plus 10%
market price shocks and

» Scenario 2: discount rate adjusted to 18% plus 10%
market price shocks.

Discount Rate Adjustments: The baseline 7% discount
rate (r) was elevated to 12% and 18%. This upward ad-
justment simulates scenarios of heightened domestic in-
flation, an increased opportunity cost of capital, and the
high subjective risk premiums that resource-constrained
smallholders typically apply to delayed cash flows.

Market Price Shocks: A compound, worst-case market
shock scenario was modeled by directly adjusting the cash
flow variables. This involved a simultaneous 10% reduction
in Eucalyptus gross revenues (B, for woodlots multiplied by
0.9), simulating regional oversupply and depressed timber
demand due to market saturation. Concurrently, a 10% es-
calation in crop production costs (C, for crops multiplied
by 1.1) was applied to simulate sudden surges in the costs
of imported chemical fertilizer and hired labor.

Socioeconomic, institutional, and demographic
characteristics

The study area was predominantly male-headed (87.0%,
p = 0.002), with female-headed households accounting for
only 13% of the total sample (Table 2). Access to formal
credit was identified as a critical institutional determinant
for Eucalyptus woodlot cultivation (XA2 = 37.54, p < 0.01).
56.1% of planters used credit to finance substantial “Year
0” establishment costs, including seedlings, fencing, and
land preparation. Because Eucalyptus enterprises yield no
financial returns until the initial harvest (typically around
Year 6), access to credit helps relax immediate liquidity
constraints, allowing households to bridge the multi-year
income gap (Dercon and Christiaensen 2011). This role of
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Table 2. Household characteristics for dummy variables.

Variables Dummy Planter Non-planter Total X2 P-value
Sex of Hh Male 194(87.8%) 81(85.3%) 275(87.0%) 0.39 0.532
Female 27(12.2%) 14(14.7%) 41(13.0%)
Access to Credit Yes 124(56.1%) 18(18.9%) 142(44.9%) 37.54* 0.000
No 97(43.9%) 77(81.1%) 174(55.1%)
Extension- contact Yes 168(76.0%) 52(54.7%) 220(69.6%) 14.18% 0.000
No 53(24.0%) 43(45.3%) 96(30.4%)

“*” implies significant at a 1% level of significance.

credit as a structural catalyst aligns with broader research
in Ethiopia, highlighting its importance in buffering house-
holds against long gestation periods (Alemayehu and Mel-
ka 2022). Conversely, credit market failures often compel
asset-poor households to prioritize immediate subsistence
crops over more profitable long-term investments due to
high subjective discount rates (Holden and Shiferaw 2004).

Furthermore, agricultural extension services significant-
ly distinguished planters from non-planters (x2 = 14.18, p
< 0.01), with 76.0% of planters maintaining frequent con-
tact with development agents, compared with 45.3% of
non-planters reporting infrequent or absent contact. This
institutional support facilitates the transfer of technical
proficiency in silvicultural management, thereby minimiz-
ing seedling mortality and enhancing the perceived eco-
nomic returns of commercial woodlots (Tesfaw et al. 2022).

The independent-samples t-test reveals a statistically sig-
nificant age disparity between smallholder strata (t = 3.19,
p < 0.01) (Table 3), where advanced age typically correlates
with diminished physical capacity and internal labor deficits
exacerbated by youth out-migration (Alemayehu and Mel-
ka 2022). This demographic challenge is compounded by
a dependency ratio paradox in which planter households
maintain larger family sizes (6.45 £ 1.35) but significantly
lower active labor supply (3.12 + 0.84 adult equivalents) than
non-planters, creating high consumption pressure along-
side a shortage of labor for intensive seasonal tasks such
as plowing and weeding. Consequently, labor-constrained
households strategically substitute intensive food crops with
low-maintenance Eucalyptus woodlots to align with inter-
nal labor supplies and establish long-term biological assets
against economic volatility (Holden and Shiferaw 2004), a
transition further facilitated by higher formal education,
which enhances managerial capacity and the ability to navi-
gate timber value chains (Asfaw and Admassie 2004). House-

hold asset configurations and spatial characteristics further
delineate these resource boundaries: planters generally pos-
sess larger landholdings (1.84 + 0.62 ha) but significantly
lower livestock wealth (3.26 + 1.42 TLU) than non-planters.

While households with minimal land (< 1.5 ha) must pri-
oritize subsistence crops (Tesfaw et al. 2021) and non-plant-
ers leverage extensive livestock for liquid capital and ox-
en-driven draft power to sustain crop profitability (Storck et
al. 1991), livestock-poor households utilize woodlots as an
alternative asset-building mechanism. This allocation is re-
inforced by land fragmentation (4.38 + 1.14 plots) and mar-
ket isolation (5.82 + 2.41 km), as managing scattered, re-
mote parcels increases travel costs and management friction
(Blarel et al. 1992). To mitigate these constraints, smallhold-
ers plant hardy, low-input trees on distant plots and utilize
farm-gate sales to wholesale traders, effectively neutralizing
the transit costs associated with geographic isolation.

Sources of livelihood income in the study area

Households in the study area rely on a diverse mix of
income sources, with the most common being the sale
of crops and crop by-products, livestock and livestock
by-products, eucalyptus, daily wage labor, petty trade,
and remittances. Among these, eucalyptus sales con-
stitute the largest share (31%) of total annual income
for planters, households engaged in eucalyptus cul-
tivation, underscoring the central role of eucalyptus
in rural livelihoods. This result aligns with Tesfaw et
al. (2021), who confirm that eucalyptus provides the
greatest portion of planters’ annual cash income. Crop
sales and livestock sales account for 22% and 20% of
annual household cash income, respectively, while the
remaining 23% is generated through livestock by-prod-

Table 3. Descriptive analysis for socioeconomic characteristics of continuous variables.

Variables Planter (n = 221) (Mean + SD) Non-planter (n = 95) (Mean + SD) Total (n=316) (Mean + SD) t-value p-value
Age of Hh 48.24 £9.15 44.52 +£10.36 47.12 £ 9.64 3.19% 0.002
Education 4.15+2.12 2.38 £ 1.84 3.62+£2.19 7.07*% 0.000
Family size 6.45 + 1.35 5.82+1.54 6.26 + 1.43 3.63* 0.000
Family labor 3.12+0.84 4.45+1.12 3.52+1.11 -11.64* 0.000
Livestock (TLU) 3.26+1.42 5.14 + 1.85 3.83+1.76 9.84* 0.000
Parcel 438 £1.14 2.51 £0.88 3.82+1.35 14.12* 0.000
Total land size 1.84 £ 0.63 1.25 £ 0.45 1.66 £ 0.63 8.24* 0.000
Distance to market 5.82 +£2.41 3.14 £ 1.65 5.01 £2.50 9.77* 0.000

“*” implies significant at a 1% level of significance.

Innovations in Agriculture
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ucts, petty trade, crop by-products, daily wage labor,
and other sources (Fig. 3).

The primary cash income source for non-planters was
the sale of the crop, which accounts for 37% of house-
holds’ total annual income (Fig. 4). This is due to the
presence of a larger area of cropland and surplus crop
products. This is the major income source for rural
households. In addition, animals, which account for 35%
of annual income, are deliberately reared as a cash in-
come source. Other income sources, such as daily labor,
petty trade, animal by-products, and land rent, contrib-
ute 7%, 6%, 4%, and 2%, respectively.

Land use allocation and trend of Eucalyptus
woodlots

According to the Ambhara regions agroforestry practice
package, the minimum woodlot size is 0.125 ha. The study
adopted this threshold as the minimum woodlot size. The
maximum woodlot size in the study area was 1.5 ha. Accord-
ing to key informants, the district comprises 29 kebeles, of
which 12 kebeles account for 56% of the district’s area and are
suited for Eucalyptus woodlots. Currently, 70% of households
in these 12 kebeles have Eucalyptus woodlots. The average

household landholding was 1.6 ha. Of this, 67% (1.1 ha) was
allocated to crop production, 25% (0.4 ha) to Eucalyptus, and
the remaining 8% (0.14 ha) to other land uses (Fig. 5).

Over the past fifteen years (2009-2024), the annual in-
crease in new Eucalyptus woodlots grew at an accelerat-
ing rate for ten consecutive years (2009-2021). However,
starting in 2022, the trend reversed (Fig. 6). This supports
the group discussants’ statements that “due to the rise in
crop product prices and the fall in Eucalyptus log pric-
es caused by the northern Ethiopia conflict, the annual
growth of new Eucalyptus woodlots has been decreasing”
Overall, the trend in new Eucalyptus woodlot plantations
shows an increase in area coverage (Fig. 5). This aligns
with previous studies reporting that Eucalyptus is expand-
ing over time (Mekonnen 2010; Molla and Addisie 2023;
Kerbo et al. 2024; Zeleke et al. 2024).

Remote sensing and multi-temporal image analysis in-
dicate that a significant increase in Eucalyptus plantation
coverage from 2000 to 2020, followed by a decline in the
rate after 2020, primarily due to reduced market demand for
Eucalyptus logs and rising crop prices (Zeleke et al. 2024).
On average, over the past fifteen years, 25% of cropland in
the study area was converted to Eucalyptus woodlots, corre-
sponding to an annual conversion rate of 1.6%. This finding
aligns with earlier research indicating the rapid expansion
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of Eucalyptus on farmlands in Mecha district and other re-
gions of Ethiopia (Tefera et al. 2016; Tesfaw et al. 2023).

Conversion of croplands to Eucalyptus woodlots is ongo-
ing in the study area (Fig. 7). According to Zerga et al. (2021),
land-use change from crop production to monoculture Eu-
calyptus woodlots has continued over the past 30 years. Sev-
eral factors drive this trend: Eucalyptus offers high financial
returns, has strong coppicing ability, is less palatable to ani-
mals, requires low investment and management costs, and is
highly valued for fuel and construction materials (Tefera et
al. 2016; Molla and Addisie 2023; Tesfaw et al. 2023).

Profitability analysis of Eucalyptus woodlots
versus crop production

Financial cash flows (in Ethiopian Birr/ha)

The crop production cash flow (Fig. 8) shows a substantial in-
itial investment of 89,700 ETB in 2009, followed by consistent
annual revenues ranging from ~47,000 to ~110,000 between
2010 and 2024. This ensures a positive cash flow from the
very first year after establishment, providing the liquidity
needed to cover operating costs and household expenses. In
contrast, the Eucalyptus cash flow shows an irregular cash
flow pattern typical of forestry systems. Significant revenues
are realized only during harvest years (e.g., 160,000 in 2014,
175,000 in 2019, and 120,000 in 2024), with many interven-
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ing years showing zero revenue and periodic maintenance
costs (e.g., 7,500 in 2015 and 9,000 in 2020). Previous studies,
such as Ryan et al. (2013), highlight that while forestry can
outperform certain agricultural enterprises on marginal soils,
its primary drawback is the lack of annual income, which can
be a barrier for smallholders with limited access to credit.

Net present value and benefit-cost ratio analysis

Financial analysis of the two land-use options shows that
Eucalyptus plantation systems are more profitable than con-
ventional crop production, as measured by net present value
(NPV) and benefit-cost ratio (BCR) at a 7% discount rate.
The results indicate that the Eucalyptus investment gener-
ates a significantly higher NPV of 193,978.66 ETB/ha and
a BCR of 4.69, whereas crop production yields an NPV of
162,699.13 ETB/ha and a BCR of 1.32 (Appendices 1, 2).
This substantial margin indicates that Eucalyptus not only
provides a larger discounted net surplus but also delivers
more robust returns per unit of investment capital. These
findings align with empirical evidence from Siyoum et al.
(2022) and Sete et al. (2023), which demonstrate that small-
holder Eucalyptus woodlots consistently outperform cereal
crops in discounted cash flow and overall financial feasibility.

The analytical disparity between the BCR of Eucalyptus
(4.69) and that of crop production (1.32) underscores the
differential economic resilience of these land-use systems.
A BCR of 1.32 for annual crops suggests that profitabil-
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ity is precarious and highly sensitive to fluctuations in
input costs, market prices, and climatic variability, often
operating near the break-even threshold. Conversely, the
high BCR associated with Eucalyptus indicates a greater
capacity to absorb temporal and financial shocks, a char-
acteristic typical of plantation forestry, where the high val-
ue of the final harvest compensates for delayed returns.
This finding is supported by Tesfaw et al. (2022), who
highlighted that Eucalyptus successions on croplands are
driven by higher gross margins and superior benefit-cost
ratios, particularly when established on marginal lands
where traditional crop productivity is limited.

Despite the clear financial advantages of Eucalyptus,
land-allocation decisions are often shaped by complex
livelihood realities and socioeconomic constraints that
favor retaining annual crops. While Eucalyptus offers high

discounted returns, annual crops provide critical interim
cash flows and directly address household food security,
serving as a vital risk-management strategy. Research by
Abate et al. (2022) emphasizes that the expansion of Eu-
calyptus is often constrained by the need to meet mini-
mum household crop consumption and by environmental
considerations such as water availability. Consequently,
although profitability indicators strongly favor woodlots,
the persistence of crop production reflects a multi-criteria
decision-making process in which financial gain is bal-
anced against immediate food needs and landscape-level
tradeoffs (Abate et al. 2022; Amare and Darr 2023).

Sensitivity analysis

The sensitivity analysis evaluates the economic viabil-
ity of two land uses, Eucalyptus and crop production,

Innovations in Agriculture
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under a baseline scenario and two stress-test scenarios
involving higher discount rates and market price shocks
(Appendix 3). In the baseline scenario, which used a 7%
discount rate, Eucalyptus plantations outperform crop
production. Specifically, Eucalyptus yields a Net Present
Value (NPV) of 193,978.66 ETB/ha, about 19% higher
than the 162,699.13 ETB/ha generated by crops. The
most striking difference, however, is in the Benefit-Cost
Ratio (BCR); Eucalyptus achieves a BCR of 4.69, signif-
icantly outperforming the 1.32 ratio for crops, indicat-
ing that for every unit of currency invested, Eucalyptus
returns more than three times the value of traditional
agricultural cultivation.

As economic conditions become more challenging in
Scenario 1, with the discount rate increased to 12% and a
10% market price shock introduced, the profitability of both
land uses declines substantially. The NPV for Eucalyptus
drops to 102,943.01 ETB/ha, while the NPV for crops falls
to 100,597.09 ETB/ha. Although the absolute profitability
gap narrows, Eucalyptus maintains the more profitable op-
tion. The BCR for Eucalyptus remains relatively strong at
3.09, whereas the BCR for crops dips to 1.25, indicating that
crops are operating much closer to the break-even point
under these heightened discount and shock conditions.

Under another stress test, Scenario 2, which incorporates
an 18% discount rate and a 10% market price shock, further
compresses economic returns. The NPV for Eucalyptus is re-
duced to 55,498.69 ETB/ha, and the NPV for crops reaches
its lowest point at 51,885.84 ETB/ha. Despite the significant
reduction in value, Eucalyptus continues to show greater
economic resilience, maintaining a BCR of 2.19 compared
with the 1.18 BCR for crop production. Overall, the analysis
indicates that while both land uses are sensitive to fluctua-
tions in discount rates and market prices, Eucalyptus plan-
tations consistently provide higher net returns and a more
favorable return on investment across all tested scenarios.

Conclusion

Based on the study’s findings, the trend of conversion of
croplands to Eucalyptus woodlots remains ongoing. The
findings confirm significant income variability among
Eucalyptus planters and non-planters. The study indicates
that Eucalyptus woodlots yield higher net present value
and benefit-cost ratios than crop farming. This research
identified Eucalyptus plantations as economically viable
for sustainable livelihoods for small-scale farmers in the
face of high agricultural input prices and, therefore, low
crop outputs. With further expansion of Eucalyptus cov-
erage across the study area, farmers consider it an alterna-
tive source of cash income for their livelihood.

Recommendations

Given the District’s potential for Eucalyptus woodlot pro-
duction and its significant contribution to improving the
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livelihoods of most smallholder farmers, the following are
provided to support the development of Eucalyptus wood-
lot plantations in the study area.

In addition to being financially viable for household
income diversification, Eucalyptus plantations reduce
the burden on natural forests. However, because it may
indirectly affect food security, the plantation sites must
be identified and selected in consultation with experts to
minimize competition with food production.

Therefore, policymakers and practitioners should
balance the economic benefit of Eucalyptus production
with the need for sustainable farming methods that en-
sure food supply and environmental integrity. Encour-
aging integrated land-use practices that combine Euca-
lyptus planting with food crops can provide a pathway
to improve land-use and achieve economic and ecolog-
ical balance.
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Eucalyptus plantation
Year (t) Establishment Annual Total Gross  Eucalyptus Revenue Discounting Factor Discounted Discounted
Costs Management costs  Costs (ha/yr) by rotation (ha/yr) (r=7%) =df 1/((1+r) AY) Costs Benefits
0 33000 0 33000 0 1 33000.00 0.00
1 0 11000 11000 0 0.93 10280.37 0.00
2 0 0 0 0.87 0.00 0.00
3 0 0 0 0 0.82 0.00 0.00
4 0 0 0 0 0.76 0.00 0.00
5 0 0 0 160000 0.71 0.00 114077.79
6 0 7500 7500 0 0.67 4997.57 0.00
7 0 0 0 0 0.62 0.00 0.00
8 0 0 0 0 0.58 0.00 0.00
9 0 0 0 0 0.54 0.00 0.00
10 0 0 0 175000 0.51 0.00 88961.13
11 0 9000 9000 0 0.48 4275.84 0.00
12 0 0 0 0 0.44 0.00 0.00
13 0 0 0 0 0.41 0.00 0.00
14 0 0 0 0 0.39 0.00 0.00
15 0 0 0 120000 0.36 0.00 43493.52
Total 33000 27500 60500 455000 52553.78 246532.44
NPV 193978.66
BCR 4.69
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Appendix 2

Table A2. Crop production 15-year financial cash flow.

Crop Production

- @ o = )
s iF 3 - O N - = :
= - 2 o e &z < £= 1 3
I LA L T
15 : £ 2 : e
S3 S S e £ & A =) £
R
0 4200 5000 8500 11300 89700 0 1 29000
1 4150 8560 10560 15411 38682 47,492.88 0.93 36151.03 44385.87
2 5000 8400 12400 16258 42058 59,360.00 0.87 36734.88 51847.32
3 4950 5900 11000 16600 38450 51,835.92 0.82 31387.01 42313.55
4 5826 9653 12530 16931 44941 68,402.40 0.76 34284.90 52183.86
5 6234 8200 13200 16982 44616 73,012.92 0.71 31810.81 52057.20
6 7134 7500 12500 16700 43834 57,539.60 0.67 29208.51 38341.07
7 6941 8000 13000 17400 45341 82,918.44 0.62 28236.10 51637.44
8 7209 7850 14850 20200 50109 70,193.48 0.58 29164.08 40853.24
9 6856 8650 15650 22135 53291 88,574.08 0.54 28986.97 48178.43
10 10600 11400 17400 21560 60960 79,053.32 0.51 30988.97 40186.70
11 11200 10600 20600 23900 66300 98,962.64 0.48 31498.65 47016.44
12 11000 11680 19368 25400 67448 82,132.44 0.44 29947.93 36467.79
13 12870 11682 21682 26000 72234 93,600.08 0.41 29974.67 38840.71
14 13500 12490 22600 27650 76240 103,956.08 0.39 29567.19 40315.96
15 13800 13100 23100 28480 78480 110,221.68 0.36 28444.76 39949.41
Total 127272 143666 240441 311607 822985 1,097,255.96 501875.86 664574.98
NPV 162699.13
BCR 1.32
Appendix 3
Table A3. Summary of sensitivity analysis with changing discount rates to (12% and 18%) and market price shock by 10%.
Scenario Parameter Baseline (7% Discount)  Scenario 1: 12% Discount + 10% Shock Scenario: 18% Discount + 10% Shock
Land Use Type Eucalyptus Crop Eucalyptus Crop Eucalyptus Crop
Discounted Benefits (PVB) (ETB/ha) 246,532.44  664,574.98 152,151.45 496,316.43 102,056.22 340,345.73
Discounted Costs (PVC) (ETB/ha) 52,553.78 501,875.86 49,208.44 395,719.34 46,557.53 288,459.89
Net Present Value (NPV) (ETB/ha) 193,978.66  162,699.13 102,943.01 100,597.09 55,498.69 51,885.84
Benefit-Cost Ratio (BCR) 4.69 1.32 3.09 1.25 2.19 1.18
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