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Abstract  

The objective of this study is to assess the existence of gendered climate change adaptation 

practices of smallholder farmers in the Gamo Highlands of Ethiopia. We hypothesized that 

smallholders’ adaptation practices are gendered because of land fragmentation and gendered 

division of labour. To explore this, we considered sustainable land management practices as a 

tool for sustainable adaptation and assessed the effect of land management practices deployed 

and land fragmentation on intra-household time allocation. The results indicate that although 

land fragmentation increased hours worked by men and women significantly, fragmentation 

increased the working hours of men more than women. Application of a larger number of 

sustainable land management practices increases the mean working hours of women, but leaves 

unaffected the working hours of men, implying that adaptation practices are gender-biased. 

Therefore, this study can guide land management decisions by pointing out that fragmentation 

results in long working hours and adaptation practices may disproportionately affect women. 

 

Key word: Land management, fragmentation, sustainable, gendered, work division, JEL Q15 & 
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1. Introduction  

Agriculture is the sector most affected by climate change in developing countries (Kotir, 2011; 

Kurukulasuriya & Mendelsohn, 2008), and the majority of the poor depend on agriculture for 

their livelihood in sub-Saharan Africa (Jayne et al., 2003). The poor (Pachauri & Meyer, 2014; 

Thomas & Twyman, 2005) and women in subsistence farming are the most affected group 

within agricultural households (Cannon, 2002; Parry, Canziani, Palutikof, van der Linden, & 

Hanson, 2007) because of the social division of responsibilities and differences in access to and 

control over resources (Doss, 2001; Marlene & Henry, 2002; Murray, Gebremedhin, Brychkova, 

& Spillane, 2016). Moreover, women and the poor are underrepresented in studies, negotiations 

and policies related to addressing climate change impacts (Jerneck, 2018; Minu & Ulrike, 2009). 

Climate change tends therefore to exacerbate existing gender inequality, causing women to face 

larger negative impacts of climate change than men (Margaret. Alston, 2013; Cannon, 2002). 

Gender inequality is defined as prejudicial treatment of individuals or groups because of their 

gender (Shastri, 2014). For instance, a changing climate affects women more than men in most 

cases (Cannon, 2002; Denton, 2002; Peralta, 2009).  

Adaptation to climate change enhances food security (M. Burke & Lobell, 2010; 

Di Falco, Veronesi, & Yesuf, 2011; Jerneck, 2018), reduces vulnerability to climate change 

impacts and reinforces resilience (Field, 2012). However, benefits and costs of adaptation 

practices can be unfairly distributed between men and women (Björnberg & Hansson, 2013). 

Moreover, the impacts of adaptation practices are not gender-neutral (Margaret Alston, 2011; 

Jerneck, 2018), like gender differences in climate change impacts (Margaret. Alston, 2013; Jin, 

Wang, & Gao, 2015; Terry, 2009). Although earlier studies assess gendered adaptation practices 

and gender gets an increasing attention in the climate change adaptation, resilience and 

vulnerability literature, this literature remains in its infancy (Bunce & Ford, 2015). For instance, 

alteration of gender roles was used in the Philippines as a strategy to adapt to climate change. 

However, although the alteration of gender roles increased women’s access to resources, it 

burdened women more as they became both farm managers and caretakers of family welfare 

(Tatlonghari & Paris, 2013). Smucker and Wangui (2016) observed gendered knowledge about 

adaptation practices in Tanzania, Jin et al. (2015) point out gender differences in the choice of 
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climate change adaptation measures in China and Jerneck (2018) observed adaptation effects 

also differ between men and women because of differences in their respective social roles and 

responsibilities and control over resources and Mersha and Van Laerhoven (2016) look at 

gendered barriers to adaptation practices in Ethiopia. Moreover, Demetriades and Esplen (2008) 

indicate the inadequacy of scientific investigations explaining unequal sharing of benefits and 

burdens of climate change adaptation endeavours. This study contributes to climate change 

adaptation literature in agriculture by explaining gendered drawbacks of adopting sustainable 

land management practices in fragmented farmlands to deal with climate change. Moreover, the 

study offers useful insights into how adaptation responses to climate change cause different 

outcomes due to pre-existing gender inequalities e.g., gender-based division of labours. 

Hung, MacAulay, and Marsh (2007) and Kawasaki (2010) describe land 

fragmentation (LF) as cultivation of multiple separated parcels. Multiple separated plots per 

owner can result in plots being far apart from each other and from home. In Ethiopia LF is 

exogenous to farmers, as there is no land market and farmers have inherited already fragmented 

plots. LF is affecting working hours of both men and women and how time is allocated between 

different tasks (McCall, 1985). Moreover, LF influences the use of sustainable land management 

practices (Nigussie et al., 2017). Sustainable land management can be defined as an adaptive 

strategy that jointly enhances environmental quality and farmers’ livelihood (Fernandes & 

Burcroff, 2006). Plus, it is expected that fragmentation is worsening the inequity of sharing the 

loads of adaptation endeavours between men and women. For instance, manure use and tree 

planting on multiple plots are adaptation practices in Gamo communities in the Ethiopian 

highlands that potentially result in extra commuting time, higher workloads and longer working 

hours for women compared to men. Adding manure to remote plots and collecting firewood from 

fragmented and faraway plots are tasks mostly undertaken by women in these communities. As a 

result, women work longer hours and lose time that otherwise would be allocated to rest and 

leisure, which leads to more time poverty for women than for men (Bardasi & Wodon, 2006; Kes 

& Swaminathan, 2006). Time poverty occurs when workers do not have enough time for rest and 

leisure after considering time used for production and domestic work (Bardasi & Wodon, 2006).  

Additionally, land fragmentation decreases efficiency of crop production 

(Manjunatha, Anik, Speelman, & Nuppenau, 2013) and lowers food production per hectare 
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(Rahmana & Rahman, 2008). This affects women more than men due to their reproductive roles 

(Doss, 2001); as an illustration, women are more responsible for household welfare (i.e., 

nourishing children and labour force) in Gamo communities. 

This study was conducted in the Gamo Highlands of Ethiopia, where the land is 

fragmented and farmers are responding to climate change and variability they have observed 

(Bryan, Deressa, Gbetibouo, & Ringler, 2009). The purpose of the study is to explore the 

existence of gendered climate change adaptation practices in agriculture amongst Gamo 

communities, i.e., whether adaptation practices lead to incremental inequality in time poverty. 

The research questions addressed in this paper are: i) Does land fragmentation increase hours 

allocated to work? ii) Does land fragmentation lead to more hours allocated to work by women 

than by men? iii) Do sustainable land management practices result in more hours allocated to 

work by women than by men?  

The outline of the paper is as follows: Section 2 and 3 present the study area and 

description of data and the theoretical framework, respectively. Section 4 explains the empirical 

model. Section 5 discusses the results, and the final section presents the conclusions.   

 

2. The study area and data collection  

The study region is the Gamo Highlands, a heterogeneous mountainous landscape located in 

southwest Ethiopia, high above and east of two lakes, Abaya and Chamo. Seasonal variation of 

farm tasks causes farmers to work longer hours per day during peak labour seasons (i.e., seasons 

with high work pressure). Both women and men work long hours, more to meet their basic needs 

than for profit motives because of their low human capital status and lack of sufficient access to 

agricultural technologies (such as fertilizer and quality seed). The gender division of labour 

enforced by custom in the Gamo communities causes women to allocate more hours per week to 

work than men, which is consistent with the national average in which women with 8.17 hours 

work more than men that work 7.10 hours per day (United Nations, 2015, 2018) and leads to 

power asymmetries in access to and control over the factors of production (Doss, 2001). 

Moreover, women and men have separate roles and duties and decision-making power, leading 

to further gender inequality in the Gamo communities. Women undertake both farm work and 

domestic work, but men are hardly involved in domestic tasks such as fetching water, collecting 
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fodder and cooking for the family. In addition, women work longer hours than men not only 

because of the domestic division of labour, but also because some family farm activities are 

solely performed by women. For instance, composting and applying manure are productive 

activities solely performed by women. Moreover, land management practices to cope with 

climate change, such as planting indigenous trees and applying more manure, further exacerbate 

the already high time burden of women. The time demand for these tasks may be especially 

significant in the case of multiple plots at a distance from home and from each other, and this is 

expected to increase women’s hours allocated to work considerably. That is, adaptation on 

fragmented farms disproportionately affects women as it requires them to commute more from 

home to dispersed farm fields and to work longer hours.   

 

 The household level primary data used for this study was collected in the year 

2015 from three kebeles (the lowest-level administrative unit) namely: Done, Haila and Ocholo-

Badiga in Dita woreda (the next highest-level administrative unit). These kebeles were selected 

because the local government’s ongoing geographic data inventory is fully complete for these 

kebeles. A stratified random sampling technique was used to select farmers from these kebeles, 

based on multiple plot ownership and agri-environmental zones. Quantitative data were collected 

from 297 male and female household heads. For each household, both the husband and wife 

were interviewed; in cases of a female-headed household this was the woman leading the farm 

and in all cases her son. There were only 28 female household heads out of 297 households in 

the sample. There were no households headed by unmarried men. In addition to household data 

collected, hours allocated to work by the husband and wife (i.e. hereafter men and women1) and 

their demographic characteristics such as age and education were inventoried as well as the 

perceived work burdens of men and women for the peak labour seasons (i.e., harvesting and 

planting) and the off-peak season at one moment in time by specifying the seasons for 

respondents. The LF indices were calculated from spatially-explicit secondary data on household 

                                                 

1 Women comprise heads of female headed households and wives 



  

6 

 

 

plots that was collected by experts employed by the local government using global positioning 

system (GPS) devices to certify land use rights. 

 

3. Theoretical framework  

Time is a scarce resource that can be allocated to work and leisure. More time spent on work 

reduces leisure and hence leads to higher time poverty and work burden (Bardasi & Wodon, 

2006). Work-related stressful experiences contribute to depression and psychological disorders 

(Tennant, 2001), and working long hours may cause various health problems (R. Burke & 

McAteer, 2007), Time scarcity also affects food choices, which can lead to serious health 

problems (Jabs & Devine, 2006). Moreover, the burden of competing tasks on an individual’s 

time constrains that individual’s choice of how to allocate their time, increases the intensity of 

work and creates tradeoffs among different tasks (Kes & Swaminathan, 2006). Time poverty 

contributes to income poverty in several ways (see Burchardt (2008) for empirical evidence). 

First, participation in non-market works that are labour intensive and unproductive domestic and 

subsistence agricultural works2 reduces time that could be allocated for productive activities and 

therefore income. Second, because of the gender division of labour, particularly women are less 

likely to participate in income generating activities. Third, time poverty impedes human capital 

development by limiting the individual’s access to education and skill development that could 

result in better paid jobs (Burchardt, 2008; Kes & Swaminathan, 2006). Time poverty is 

positively related to the hours worked. For this we argue that adaptation on fragmented and 

remote farm fields leads to time poverty (e.g., decreases time available for gainful activities and 

leisure) by increasing time of commuting and requiring more energy and time, particularly for 

women who are responsible for labour intensive adaptation practices and domestic work. In this 

research the number of hours worked per week by men and women in three different seasons is 

used to capture the work burden and time poverty associated with adaptation endeavours and LF. 

                                                 

2 These unproductive works are laborious activities with poor returns as they do not result in marketable output and 

women are not paid for their labour.   
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Worked hours are the sum of paid and unpaid work following the classification of both used by 

the United Nations (2005). Paid work is divided into off-farm and on-farm work, the latter 

including subsistence production on family farms. Unpaid work consists of mainly domestic 

work. The harvesting and planting seasons are considered to be the two peak seasons because 

work pressure is high, while the off-peak season is the season following the harvesting season 

when work pressure is relatively low in the Gamo Highlands.  

 

Time allocated to work   

Men and women in Gamo communities typically work six days a week and work longer hours 

per day than the International Labour Organization (ILO) standard, (i.e., 48 hours per week for 

industry workers) (ILO, 1921). Moreover, the number of hours allocated to work is likely to be 

gender specific. Time allocation is especially relevant in peak labour seasons (i.e., planting and 

harvesting seasons) when time is most scarce. On average, our data show that women and men 

allocate 89 and 70 hours per week to work during the harvesting season, respectively, and during 

the planting season the mean working hours of women and men, respectively, are 87 and 71 

hours per week. Also during the off-peak season women allocate more hours to work than men, 

on average, 77 hours versus 62 hours per week, respectively. The hypothesis that women and 

men on average allocate equal time to work was rejected at the 1% significance level for all 

seasons. Moreover, 89% of men and 90% of women involved in the survey opined that women 

work more hours than men. These findings are consistent with Wright (2007) and Craig (2005). 

The reason for the gender gap in hours worked is that women are responsible for most domestic 

work in Gamo communities.  

Although the vast majority (91%) of household heads interviewed were men, 

close to two-thirds of the male-headed households reported that harvesting crops from and 

transporting heavy manure to remote plots results in more working hours for women than for 

men. Men were accountable for farm production (i.e. for harvesting and planting), while women 

were responsible for both domestic work and farm production. Meanwhile, 95% of the 

household heads said that women were responsible for adding manure to soils and 90% reported 

that women were responsible for collecting and carrying fodder and hay from various plots to the 

homestead. Meanwhile, women are equally responsible for activities done by men as well as for 
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activities solely done by women, including cooking and supplying food to farm workers. Next 

we discuss the variables that can explain the number of hours worked by men and women. 

Table 1. Summary statistics of variables  

Variable Description of variables  % mea
 

SD min max 
Hours allocated to work by spouses3       
planting Hours allocated to work per week in planting season  78.7 16.1 0 108 
harvesting Hours allocated to work per week in harvesting season   79.5 16.8 0 114 
work-off Hours allocated to work per week in off-peak season  69.9 18.8 0 114 
SLM practices (dummy, 1 = yes)        
seed Quality seed use 76     
manure Manure use  94     
indigenous Indigenous tree planting   74     
terrace Stone terrace or soil bund application 84     
legume  Legume barley rotation  86     
enset  Expansion of enset planting  59     
new-crop New crop introduction  59     
diversify  Crop diversification  59     
SLMn Number of SLM practices applied   6.15 1.87 0 8 
Land fragmentation indicators      
SFI Simpson index for land fragmentation   0.85 0.1 0 0.97 
distance2 Sum of non-overlapping distance from home to plots 

 
 2.6 1.6 0.1 8.7 

AEZ 1 if a farmer farms in two distinct agro-ecological zones 36     
Socioeconomic characteristics      
genderh 1 if gender of household head is male 91     
literacy 1 if household head can read and write 21     
age Age of a husband or wife   49.6 16 15 98 
family Family members under age 10  2.4 1.6 0 9 
labour  Active family labour size (age 15-64)   4.1 2.4 0.2

 
16.5 

tlu Number of tropical livestock units  2.5 2.7 0 22.9 
income Amount of off-farm income (thousands of birr)   1.6 2.7 0 20 

          Source: Survey data 

 
 
 
 

                                                 

3 Or woman and son in case of female-headed households. 
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Land fragmentation indicators  

Land fragmentation is measured such that it captures three important dimensions 

of fragmentation. The measures used are the non-overlapping distance from home to all plots 

owned by a farm was measured using GPS devices, the number of plots, having plots in different 

agro-ecological zones, namely midland and highland (see Table 1) and the Simpson index for 

land fragmentation. Hung et al. (2007) defined the Simpson index as )]/(1[ 2
1

2 Aan

i i∑=
− where 

ia is the area of the thi plot in hectares, and A is the farm size in hectares, which equals the sum 

of the area of all n plots of the farm,∑=

n

i ia
1

.The value of the index ranges from 0 for ownership 

of a single plot to 1 for ownership of several plots. The mean farm size in the study area was 1.7 

hectares. On average, a household owned 21 plots and the number of plots ranged from 1 to 80 

plots. These LF indices are expected to increase hours allocated to work per week for men and 

women by increasing commuting time from home to plots and between plots. While LF expected 

to increase working hours of women more than of men because of gender roles and division of 

labour. 

 

Sustainable land management practices  

SLM practices considered in the study were selected in a number of steps. First, a survey was 

made of 13 potential SLM practices based on their importance to soil and water conservation and 

suitability for local conditions. Second, farmers were asked about whether or not they have 

altered/used these SLM practices to adapt to the climate change impacts and variability they have 

perceived in the last 25 years. Climate change and variability indicators are changes in 

temperature and precipitation while climate change impacts farmers observed are crop 

productivity and soil erosion changes. Farmers’ observed climate change impacts and variability 

over the last 25 years were used to measure climate change and variability and impacts since we 

were unable to find long-term meteorological data for the study area. However, farmers’ 

perceptions of climate change and variability were consistent with trends of meteorological data 

in Ethiopia and sub-Saharan Africa (Bryan et al., 2009; Bryan et al., 2013; Maddison, 2007). If 

farmers respond to climate change, they are perceived as adapters. Interestingly, almost 95% 

percent of the farmers in this study are changing SLM practices to deal with climate change and 
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variability. Finally, eight SLM practices correlated with the farmers’ perception of climate 

change and variability at the 10% significance level were considered for this study (see Table 2). 

Interestingly, of these 8 SLM measures, more than 82% of the farmers applied at least 4 SLM 

practices to adapt to the changing climate. The number of SLM practices (SLMn) applied per 

farm is obtained by adding all SLM practices used on a farm. For instance, if a given farm 

applied five SLM practices out of the eight practices indicated in Table 1, the SLMn value of the 

farm is 5 and so on. We assume that SLMn will increase women’s working hours more than 

men’s working hours for each of the seasons. 

 

Socioeconomic characteristics 
Socioeconomic factors affecting hours worked comprise gender, age, education, family labour 

size, off-farm income and number of children (E.-R. Birch, 2005; R. E. Birch, Le, & Miller, 

2009; R. Burke & McAteer, 2007; Wright, 2007). Evidences indicated that women work longer 

than men (United Nations, 2015). Moreover, women are commonly caretakers of children in 

Gamo communities-hence the number of family members under age 10 is expected to increase 

hours allocated to domestic work for women more than for men. When the available farm work 

can be distributed to more people the workload goes down, thus family labour availability is 

expected to decrease the hours worked per week by both men and women and is expected to 

decrease their time poverty. Off-farm incomes are mostly generated by men who migrate to 

urban areas, and this may increase the working hours of women (Mu & Van de Walle, 2011) 

since domestic work and farm tasks are left to the women. 

 

4. Empirical model  

To determine how LF and SLM practices affect the working hours of men and women in each 

season, we specify the following time allocation model:  

 
3 4 2

1 1 1
ln ln ln

1, 2; 1, 2, 3 (1)
igs gs jgs ij gs i rgs ir ugs iu igsj r u

y LF SLMn x d

g s

α β γ δ ρ ε
= = =

= + + + + +

= =

∑ ∑ ∑
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where igsy  is the number of hours worked by individual i  of gender g  in season s , ijLF  is the 

LF indicator j  for individual ,i iSLMn is the number of SLM practices applied by individual ,i  

irx  is socio-economic characteristic r  of individual ,i  and iud  is a dummy variable for 

demographic characteristic u  of individual i . ,, ,gs jgs gs rgs ugsandα β γ δ ρ  are coefficients to be 

estimated. igsε  is the error term; 1g =  is woman and 2g =  is man; and 1s =  is planting season, 

2s =  is harvesting season and 3s =  is off-peak season. For LF indicators: 1j =  is Simpson 

index, 2j =  is distance and 3j =  is agro-ecological zone.  

So we have a system of 6 equations, i.e., 2 gender types (g) times 3 seasons (s). 

We assume the errors to have zero mean and to be independent across individuals, but for a 

given individual errors are assumed to be correlated across equations. The justification for this is 

that we expect the same unobservable factors to play a role in each of the equations. In such a 

case, although OLS is a consistent estimator, it is not efficient (Adrian Colin Cameron & Trivedi, 

2009; Zellner, 1962). To increase the efficiency of the estimation, we use Seemingly Unrelated 

Regression (SUR) to estimate the model, as suggested by A Colin Cameron and Trivedi (2005) 

and Zellner (1962). To get heteroskedasticity-robust standard errors for the SUR estimator, we 

employ bootstrap regression as suggested by Adrian Colin Cameron and Trivedi (2009). 

Moreover, the Breusch-Pagan Lagrange test is applied to test the null hypothesis that states that 

the error terms across the six equations are independent. 

To show whether LF affects hours worked by women and men differently, we 

tested four hypotheses using a likelihood ratio test by imposing restrictions on parameters across 

equations (Adrian Colin Cameron & Trivedi, 2009). The first null hypothesis, 1,A  states that 

each of the LF indicators does not affect hours allocated to work by women for all seasons. For 

instance, the Simpson index does not affect hours worked by women during the planting season 

1 111( . ., : 0 )i e A β =  and so forth. The second null hypothesis, 2 ,A  states that each of the LF 

indicators does not affect hours allocated to work by men for all seasons. The third null 

hypothesis, 3,A  states that each of the LF indicators has the same impact on the mean hours 

worked by men and women in the same season. The fourth null hypothesis, 4 ,A  states that each 

of the LF indicators has an equal impact on hours worked by women throughout the seasons.  
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To show whether SLM practices affect the working hours of women differently 

than those of men, we tested a further four hypotheses using a likelihood ratio test. The fifth null 

hypothesis, 5 ,A  states that the number of SLM practices applied does not affect hours allocated 

to work by women for all seasons. The sixth null hypothesis, 6 ,A  states that the number of SLM 

practices applied does not affect hours allocated to work by men throughout the seasons. The 

seventh null hypothesis, 7 ,A  states that the number of SLM practices deployed has the same 

impact on the mean hours worked by men and women in the same season. The eighth null 

hypothesis, 8 ,A  states that the number of SLM practices applied has the same impact on working 

hours of women across seasons.  

 

5. Results and discussion  

This section presents the estimation results of the SUR model in Table 2 and 3 and hypotheses 

tests in Table 4 and 5. There are 295 observations in the regression because of the exclusion of 

two individuals, a man and a woman, that worked zero hours per week in all three seasons. We 

have estimated six equations using SUR. Goodness-of-fit ( 2R ) and chi-squared ( 2χ ) values of 

each equation are indicated at the bottom of Table 3.  

 

Insert Table 2 

 
                       Table 2: The correlation matrix of residuals   

 Planting  
(men) 

Planting  
(women)  

 Off-peak       
(men) 

Off-peak 
(women) 

Harvesting  
(men) 

Harvesting 
(women) 

Planting (men) 1      
Planting (women) 0.123 1     
Off-peak (men) 0.611 0.079 1    
Off-peak (women) -0.003 0.523 0.189 1   
Harvesting (men) 0.761 0.061 0.612 -0.001 1  
Harvesting 
(women) 

0.239 0.669 0.155 0.425 0.224 1 
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Most of the errors in the six equations estimated were positively correlated as shown in Table 2. 

The null hypothesis stating that the error terms across the six equations are uncorrelated was 

rejected at the 1% significance level. The significant correlation of errors in the six equations 

was as expected because working hours allocated by men and women across seasons have 

similar underlying determinants. Moreover, correlation coefficients between variables in Table 1 

are less than 0.6, so multicollinearity is not an issue.  

Table 3: Factors affecting time allocation of men and women  

                                 Men                         Women 
Variables  Planting Harvesting  Off-peak Planting Harvesting  Off-peak 
ln(age) -0.074* -0.036 -0.135** -0.036 -0.028 -0.112** 
 (0.040) (0.045) (0.057) (0.037) (0.037) (0.050) 
Literacy 0.045 0.045 -0.003 -0.018 -0.012 -0.033 
 (0.031) (0.033) (0.047) (0.048) (0.036) (0.064) 
Genderh -0.107** -0.136*** -0.047 0.071* 0.032 0.026 
 (0.044) (0.044) (0.064) (0.042) (0.029) (0.046) 
ln(family) -0.029 -0.024 -0.064* 0.008 0.010 0.006 
 (0.024) (0.025) (0.035) (0.019) (0.017) (0.036) 
ln(labor) -0.014 0.006 0.002 0.018 0.008 0.032 
 (0.022) (0.025) (0.034) (0.023) (0.019) (0.031) 
ln(tlu) 0.037* 0.001 -0.012 0.019 0.032 0.023 
 (0.021) (0.029) (0.031) (0.023) (0.023) (0.033) 
ln(inct) -0.013 -0.018 0.005 0.001 0.012 0.047** 
 (0.018) (0.019) (0.027) (0.016) (0.015) (0.021) 
SLMn 0.007 0.005 0.019* 0.015** 0.014*** 0.018** 
 (0.006) (0.006) (0.010) (0.006) (0.005) (0.009) 
ln(SFI) 0.471*** 0.521*** 0.286 0.338** 0.267** 0.161 
 (0.147) (0.163) (0.189) (0.151) (0.135) (0.202) 
ln(distance) 0.005 -0.018 0.015 0.013 0.009 0.016 
 (0.023) (0.024) (0.038) (0.022) (0.019) (0.036) 
AEZ -0.020 -0.018 -0.039 -0.004 -0.024 0.004 
 (0.020) (0.026) (0.034) (0.022) (0.020) (0.032) 
Constant 4.421*** 4.340*** 4.505*** 4.088*** 4.211*** 4.372*** 
 (0.193) (0.207) (0.266) (0.194) (0.183) (0.264) 
R-squared 0.106 0.081 0.058 0.086 0.086 0.068 
Chi-squared  34.97 26.10 18.33 27.74 27.88 21.48 
p-value  0.000 0.006 0.074 0.003 0.003 0.030 
Observation  295 294 295 295 295 295 
                                           ** p<0.01, ** p<0.05, * p<0.1 

                                           Standard errors in parentheses 

                                      Source: Estimated from survey data  
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Land fragmentation indicators  

LF indicators together affected hours worked by men during planting and harvesting seasons at 

the 1% and 5% significance levels, respectively, while did not affect hours worked by women 

throughout the seasons. Specifically, the agro-ecological zone and sum of non-overlapping 

distance to all plots from home did not have a significant effect on time allocated to work by 

both men and women. However, for the harvesting and planting seasons, a marginal change in 

the Simpson index increased working hours for women by about 0.3%, while it increased 

working hours for men by almost 0.5%4 (see Table 3). 

 

Moreover, we examined hypotheses 1A  - 4A  to show whether LF indicators separately affect the 

working hours of women differently than that of men. Hypothesis 1A , was not rejected for the 

non-overlapping distance to all plots and the agro-ecological zone. However, the hypothesis was 

rejected for the Simpson index at the 5% significance level for both peak seasons, as shown in 

Table 4. We did not report hypotheses test results for the agro-ecological zone. Hypothesis 2A , 

was also rejected for the Simpson index for peak seasons at the 1% significance level, but the 

hypothesis was not rejected for the LF indicators distance and agro-ecological zone for all the 

seasons (see Table 4). For both men and women, the Simpson index increased hours worked 

during the peak seasons, implying that activities and round trips to various plots are time-

consuming during the peak seasons compared to the off-peak season. The findings are consistent 

with earlier theoretical arguments; for instance, McCall (1985) discussed that commuting time 

increases more when people travel to plots at a distance and back home every day to collect 

domestic necessities like firewood and fodder, particularly for women (McCall, 1985). Earlier 

studies also found that LF increases family labour use (Hung et al., 2007) and time of commuting 

(Blarel, Hazell, Place, & Quiggin, 1992; Nguyen, Cheng, & Findlay, 1996).  
 

Insert table 4 here  

                                                 

4 If 0 1 2ln ln( ) ,i i i iy x zβ β β ε= + + +  then 1 1i idy dx eβ= −  and  2i idy dz β=  
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Table 4. Likelihood ratio test for hypotheses5 

                                     Women 
 
 
 
 

                                      Men  

Hypothesis Lambda  df p-value Decision  Hypothesis Lambda  df p-value Decision  

 1 111: 0A β =  4.99 1 0.023 Rejected  2 121: 0A β =  10.32 1 0.001 Rejected 

1 112: 0A β =  3.91 1 0.048 Rejected  2 122: 0A β =  10.19 1 0.001 Rejected 

1 113: 0A β =  0.63 1 0.427 Not rejected 2 123: 0A β =  2.31 1 0.129 Rejected 

1 211: 0A β =  0.35 1 0.540 Not rejected 2 221: 0A β =  0.06 1 0.810 Not rejected 

1 212: 0A β =  0.21 1 0.650 Not rejected 2 222: 0A β =  0.52 1 0.470 Not rejected 

1 213: 0A β =  0.19 1 0.670 Not rejected 2 223: 0A β =  0.15 1 0.700 Not rejected 

4 111 112:A β β=

 
0.28 1 0.590 Not rejected 4 121 122:A β β=  0.19 1 0.660 Not rejected 

5 11: 0A γ =
 

6.27 1 0.012 Rejected 5 21: 0A γ =  1.23 1 0.267 Not rejected  

5 12: 0A γ =  6.93 1 0.009 Rejected  5 22: 0A γ =  0.59 1 0.443 Not rejected  

5 13: 0A γ =
 

4.06 1 0.044 Rejected   5 23: 0A γ =  3.77 1 0.052 Not rejected  

8 11 12:A γ γ=

 

0.04 1 0.830 Not rejected      

8 11 13:A γ γ=
 

0.13 1 0.720 Not rejected      

8 12 13:A γ γ=
 

0.13 1 0.720 Not rejected      

                   Source: Estimated from survey data 

 
We extended the analysis for each LF indicator that had a significant effect on the 

working hours of women and men in a given season. For instance, we assessed hypotheses 3A  

that states that Simpson index has the same impact on the mean hours worked by men and 

women per week for a given season. The hypothesis was rejected for the harvesting season but 

not rejected for planting season at the 5% significance level, implying that the Simpson index 

affected the working hours of men more than women for harvesting season while it has an equal 

impact on working hours of men and women for the planting season (see Table 5).  

                                                 

5 The subscripts of β  are as follows: If the first subscript is 1, 2 or 3 it stands for Simpson index, distance or agro-
ecological zone, respectively; if the second subscript is 1or 2 it stands for women or men, respectively; and if the 
third subscript is 1, 2 or 3 it stands for planting, harvesting or off-peak season, respectively. For ,γ  if the first 
subscript is 1 or 2 it stands for women or men, respectively; and if the second subscript is 1, 2 or 3 it stands for 
planting, harvesting or off-peak season, respectively.  
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               Table 5. Impacts of LF on the working hours of men and women6 

 

Hypothesis Lambda  df P-value Decision  

3 111 121:A β β=  0.56 1 0.45 Not rejected  

3 112 122:A β β=  2.34 1 0.01 Rejected 

 
We also assessed hypothesis 4A , for LF indicators that had a significant effect on 

the working hours of men. The hypothesis was not rejected for the Simpson index, implying that 

the Simpson index equally impacts hours worked by women for both peak seasons. We also 

assessed the same hypothesis for men and found that the null hypothesis was not rejected. From 

hypotheses 1 4A A−  we can infer that the Simpson index has a significant gendered impact during 

the harvesting season, but other LF indicators do not indicate gender-biased effects on the 

working hours of men and women.  

 

Sustainable land management practices 

The estimation results of the SUR model presented in Table 3 show that the number of SLM 

practices deployed affected working hours of women for all seasons. As an illustrative example, 

when the number of SLM practices applied per farm increased by 1%, women’s working hours 

during the planting and harvesting season increased by 0.015% and 0.014%, respectively. 

However, the number of SLM practices did not affect hours worked by men for all the seasons at 

the 5% significance level.  

We also evaluated hypotheses 5 6A A−  to see whether SLM practices affect the 

working hours of women differently than that of men. The test results are presented in Table 4. 

The results show that hypothesis 5A , was rejected at the 1% and 5% significance level for the 

harvesting, planting and off-peak seasons respectively. However, the corresponding null 

hypothesis 6A  was not rejected. We could not extend the analysis further to hypotheses 7A  and 

                                                 

6 Subscripts of andβ γ  can be read as indicated in footnote 2. 
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8A  because the number of SLM practices applied did not have a significant effect on hours 

worked by men, but it had a significant effect on hours worked by women. The significant effect 

on hours worked by women and the insignificant effect on hours worked by men are 

incomparable. Therefore, the hypothesis 7A  was rejected in favour of the hypothesis that states 

that the mean effect of the number of SLM practices on working hours of women was higher 

than those of men. Regarding hypothesis 8A , the effect of the number of SLM practices applied 

on working hours of women did not vary from season to season. From the preceding results, we 

can infer that SLM practices are gendered in the Gamo Highlands of Ethiopia. These results are 

consistent with the findings of Tatlonghari and Paris (2013) that climate adaptation increased the 

work burden of women in the Philippines, as well as with other studies showing the existence of 

gendered climate change adaptation practices (Jin et al., 2015; Mersha & Van Laerhoven, 2016).  

 

6. Conclusions  

This study argued that because of socially constructed roles and responsibilities of women and 

men (i.e., gender division of labour) and local conditions (i.e., notable LF), adaptation to climate 

change in the Gamo Highlands imposes more burdens on women than men. To explain this, we 

estimated a time allocation model and evaluated the effect of LF and the number of SLM 

practices on time allocated to work by men and women during two peak seasons (i.e., harvesting 

and planting) and the off-peak season.  

The results indicated that Simpson index increased hours allocated to work by 

both men and women during the peak seasons. The results may imply that the area and the 

number of plots (i.e., Simpson index) aspects of LF are more powerful in increasing the working 

hours of both sexes than the distance dimension of LF. The working hours of women were 

significantly higher than that of men for all seasons, probably due to the gendered division of 

domestic labour, for instance, fetching domestic necessities from plots at a distance and the fact 

that some farm activities like adding manure are solely carried out by women. Moreover, the 

majority of household heads opined that LF increased the working hours of women more than 

that of men. However, the hypothesis tests show that LF (measured by the Simpson index) 

increased working hours of men during the harvesting season significantly more than it did for 
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women. The household responsibility hypothesis (HRH) by Johnston-Anumonwo (1992) could 

explain the contrasts and why men worked for longer hours during harvesting season than 

women. According to the HRH, women commute shorter distances to work than men, as women 

shoulder more domestic work than men in Gamo communities. That is to say, a gender-skewed 

division of household labour leads to the commuting differential between men and women – 

women harvest on closer plots than men so as to shoulder most of the domestic work. However, 

application of land management practices to deal with climate change and variability results in 

more hours of work for women and leaves working hours for men unaffected. The finding is 

consistent with earlier studies ( e.g., Jerneck, 2018; Jin et al., 2015; Smucker & Wangui, 2016). 

The overall result indicates the existence of gendered adaptation practices in the Gamo 

Highlands. Although the impact of LF on working hours is biased towards a particular gender 

(towards men in this case), the application of SLM practices on fragmented farm fields to deal 

with climate change is gender-skewed (towards women in this case). Hence, if LF in the Gamo 

Highlands was less severe, the burden of adaptation on women would be lower.     

This study has some caveats. First, we only used a single indicator of gender bias, 

hours worked per week in three seasons. There are of course many other indicators of the 

position of women in a society, such as gender gaps in non-farm earnings (Abdulai & Delgado, 

1999). Moreover, this study does not assess the impacts of adaptation on fragmented landscapes 

on food security, household income or health, but is rather strictly looking at time poverty. 

Moreover, socially constructed gendered division of labour and its consequences on the 

contribution of women to development is not addressed in this study, in future studies these 

should be taken into account. Second, we used cross-sectional data ignoring the effect of time; 

i.e., time varying explanatory variables could not be taken into account. So, we cannot see 

whether the position of women has improved over time or not. Finally, we ignored the division 

of working hours over different activities. Further studies can contribute by explaining how farm 

field dispersion and application of SLM practices affects hours allocated to paid work and to 

domestic work like child care, and by testing the validity of the HRH when women and men 

commute to work on multiple dispersed plots in all seasons.  

Despite these caveats, we think this paper contributes to the discussion of the 

gendered effects of fragmentation and climate change adaptation. Reducing farm fragmentation 
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through cooperative farming or voluntary bartering of plots between neighbouring farmers could 

help to solve the work hour loss associated with fragmentation. Socially constructed gender 

division of labour plays an important role in increasing women’s working hours more than for 

men in Gamo communities, albeit this study focused on LF and SLM practices. Awareness 

creation about how this skewed labour division impacts the contribution of women to social 

development is important to involve men in activities that are considered as women’s tasks. This 

could lead to a gradual reduction of the gendered division of labour. This effort could promote a 

more fair burden for men and women so that SLM practices will affect them more equally and 

that the women’s contribution to development will be enhanced. 
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