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A B S T R A C T   

Restoration of degraded land is key to enhancing land productivity and farmers’ wellbeing in sub- 
Saharan Africa. Evidence shows that the benefits of land restoration are tremendous, ranging 
from biophysical benefits in soil health, agricultural productivity, ecosystem services, to socio- 
economic dimensions such as improving farmers’ income and livelihoods. Yet one issue that is 
rarely considered is how the outcomes of restoration initiatives affect different social groups, 
specifically women, men, and the marginalized. Our study aims to understand the extent of 
gender and social inclusion in land restoration studies in Ethiopia. Through analyzing 314 peer- 
reviewed scientific articles on land restoration initiatives and studies for Ethiopia published be-
tween 1985 and 2020, we aimed to: i) develop a novel approach that would allow for the semi- 
automatization of analyzing gender aspects in a large set of scientific documents using machine 
learning techniques, ii) assessed the current evidence on gender integration in peer-reviewed 
studies related to RDL, and iii) identified what gender issues are discussed in RDL literature. 
We employed text mining techniques to analyze the literature for keywords and to classify articles 
into three main classes: gender blind, gender sensitive, and gender transformative, based on the extent 
to which gender and social inclusion keywords appeared in the studies. Our analysis showed that 
gender and social inclusion are rarely considered in landscape restoration studies in Ethiopia, as 
most studies and interventions are heavily focused on the biophysical and environmental aspects 
of restoration. Despite an exponential increase in the use of gender and social inclusion keywords 
after 2005, most of the research (58 percent of articles) remains gender blind. The most frequently 
used related terms remained generic, e.g. community, access, participatory, and tenure. Only 38% 
of the studies could be classified as gender sensitive to a certain degree, and a strikingly low 
number of articles (4 percent) – which consider the systematic challenges women face – could be 
defined as gender transformative. This implies that scientific evidence about how land restoration 
has benefited men and women, and to what extent it could transform gender and power dy-
namics, is lacking. Our findings demonstrate the urgent need to consider gender and social in-
clusion to ensure associated benefits of land restoration practices.  
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1. Introduction 

Land degradation and climate change are two major processes that impact biogeochemical cycles (e.g. water, carbon, and nitro-
gen), affecting the capacity of land to sustainably provide the ecosystem services — including agricultural productivity and biodi-
versity conservation — needed for human and other species’ survival and wellbeing (Mooney et al., 2009; Montoya and Raffaelli, 
2010; Sannigrahi et al., 2020; Orwin et al., 2015; Lamarque et al., 2014; Sutton et al., 2016; Bai et al., 2013). Land degradation also 
increases agroecological systems’ exposure to climate change and reduces the effectiveness of adaptation options (Webb et al., 2017). 
At least 40 percent of the world’s population are negatively impacted by land degradation and escalating climate change and its 
impacts, such as biodiversity loss, resulting in increased conflict over available land and resources, massive human migration (IPBES, 
2018), and reduced food availability due to lower crop productivity (Wheeler and Von Braun, 2013). 

Land restoration is considered to be the main approach to solving land degradation and is a sustainable strategy to recover lost 
ecosystem services and reverse soil deterioration to enhance agricultural productivity and benefit livelihoods in Ethiopia (Abera et al., 
2020; Mekuria et al., 2011; Balehegn et al., 2019; Araya et al., 2015; Araya et al., 2016; Desta et al., 2021; Temmerman et al., 2013; 
Laughlin, 2014). 

On the other hand, relatively little evidence can be found on the social and economic benefits of restoring degraded lands (RDL), 
particularly related to the long-term impacts on gender roles and norms, and the equitable sharing of benefits from restored lands. 
There is, however, evidence that shows the linkages between land and water management interventions, degraded ecosystems, and 
gender inequalities (Broeckhoven and Cliquet 2015; Collantes et al., 2018). Yet despite potential synergies between restoration ini-
tiatives and gender equality outcomes, the gender dimension in land restoration research remains poorly addressed (Sijapati Basnett 
et al., 2017; Elmhirst et al., 2017). 

The gender dimension in restoration is experienced in differentiated costs, risks, and benefits for different groups of women and 
men, shaped by various contextually-specific, socio-economic, and cultural factors. In addition, social norms and gender roles can 
reduce empowerment and limit the role women play in promoting land restoration activities (Catacutan and Villamor, 2016; Agarwal, 
2018). For example, access to resources such as land, credit, technology, and knowledge about new practices is more limited for 
women in developing countries than for men (Catacutan and Villamor, 2016; Agarwal, 2018). When women in rural communities do 
not hold decision-making positions and their voice are not heard they may lose interest or lack the capacity to engage in land 
restoration activities (Forsythe et al., 2015). Furthermore, enhancing the value of land through restoration can affect the desirability of 
the land, and may thus pose the risk of land dispossession for those with insecure land rights (Elias et al., 2021; Sijapati Basnett et al., 
2017). This implies that land, water, and ecosystem degradation can not only disproportionately affect marginalized communities and 
women, but that restoration activities could also exacerbate existing inequalities if not properly taken into account during the design 
and implementation of restoration interventions. Because asset-poor groups and individuals are highly dependent on common-pool 
resources, such as forests, water bodies, and ecosystems, restoration initiatives that affect these areas will significantly impact their 
livelihoods and wellbeing (Adams et al., 2016). Additionally, there are gendered norms around women’s and men’s access to, control 
of, and responsibilities related to land, water, and other environmental resources. For example, initiatives that are labor intensive can 
exacerbate women’s pre-existing heavy labor burdens, without ensuring their control of any associated benefits. Thus, restoration 
initiatives have gendered implications for women’s and men’s time, labor, benefits, and exclusions. Understanding and addressing 
these issues is critical to ensuring that restoration initiatives do not further exacerbate marginalization and inequalities and, at the very 
least, that they serve to maintain the existing gender and social equality in landscape restoration (Elias et al., 2021; Sijapati Basnett 
et al., 2017). 

Conversely, studies show that the inclusion of marginalized communities and women in tenure security have a high likelihood of 
engaging women in restoration (McLain et al., 2021; Elias et al., 2021). For instance, a study by Collantes et al. (2018) showed that the 
gender-responsive land certification and registration process undertaken in Ethiopia in the early 2000s increased landowners’ like-
lihood of investing in soil and water conservation measures by 20–30 percent. Gender-inclusive restoration initiatives and 
gender-transformative approaches that can disrupt the underlying causes of the interconnected inequalities that women face in 
relation to water (irrigation and domestic), land (agriculture), and ecosystem services (access to forests and related natural resources) 
can facilitate women’s equal and meaningful participation, and leadership in natural resource governance (Collantes et al., 2018; 
Sijapati Basnett et al., 2017). Contributions of women’s participation, decision, and leadership role in land restoration - are limited 
across Africa (de Siqueira et al., 2021; Mbile et al., 2019; Coleman and Mwangi, 2013). One notable exception is the Green Belt 
Movement, led by the Nobel Prize winner Wangari Maathai in Kenya (1940–2011). This is a unique example of a social justice 
initiative on restoration and conservation based on the needs of marginalized rural women (Leigh 2005). 

The focus on Ethiopia is a conscious choice, because of the unique situation of land ownership and rights in Ethiopia. Given the 
country’s communist political history, more particularly, land reform and nationalization in March 1975, the State became the only 
legitimate owner of land in the country. Subsequent reforms and changes in the political system in Ethiopia have resulted in significant 
changes in the State’s ownership and control of land, nonetheless there are distinct ambiguities and variations in relation to land 
ownership across different regions of the country. As part of an ongoing effort to formalize land holdings in recent decades, the 
Ethiopian government introduced a joint titling scheme, the Revised Family Code (2000), which would improve tenure security, for 
men as well as for women (Namubiru-Mwaura, 2014). Likely as a result of these joint titling requirements, the country has a relatively 
small gender gap in landholdings as compared to global averages (Doss et al., 2015). However, for women who receive only usufruct 
rights to land, without ownership, there has been little change in practice for individual land use title holders, particularly since they 
are prohibited from selling or mortgaging land (Deininger et al., 2008). There is no rural land sale market, and the land rental market is 
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restricted except for Amhara (Deininger et al., 2008, Deininger et al., 2011). 
As customary inheritance practices are largely patrilineal, this can serve to restrict women’s land rights (Girma and Giovarelli, 

2019). The primary way to gain access to land (to use) is by inheritance from parents, with older sons given preferential treatment 
(Bezu and Holden, 2014; Kosec et al., 2018). Women access land by marrying men with land (Bezu and Holden, 2014) or living with an 
adult son who inherited the land rights” (Komatsu et al., 2022; 3). Furthermore, joint titling does not necessarily lead to joint man-
agement and decision-making, nor does it equate to equality and parity in size and quality of landholding (Kumar and Quisumbing, 
2010). 

A social norm exacerbated and reinforced by patrilocal customs - that the husband is in charge of land management, and that only 
men may cultivate land with oxen means that women landholders commonly resort to renting out much of their land. Women (and 
especially women living in male-headed households) are least likely to adopt restoration practices and agricultural innovations to 
address degradation, due to a lack of access to resources including land, water and labor; capital and credit; and extension services 
(Crossland et al., 2021). Women also have a higher labor burden associated with unpaid care work, which prevents them from 
spending as much time on restoration practices as men (Kumasi and Asenso-Okyere 2011). In sum, as a result of their relatively 
marginal landholdings and cultural restrictions concerning land management, women are often the most vulnerable to degradation 
and simultaneously the least able to participate in restoration initiatives. 

This paper examines the gender perspectives in the existing scientific knowledge base on restoration of degraded lands, benefits and 
impacts of restoring degraded landscapes (RDL) with the aim of making RDL efforts and studies more gender transformative using 
Ethiopia as a case study. Specific objectives are to: i) develop a novel approach that would allow semi-automatization of analyzing 
gender aspects in a large set of scientific documents (i.e. through machine learning), ii) assess the current evidence on gender inte-
gration in peer-reviewed studies related to RDL; and iii) identify what gender issues are discussed in RDL literature. Using a text mining 
approach, we generate robust scientific evidence on the extent to which gender and other social inequalities are integrated into RDL 
initiatives and studies in Ethiopia to better understand and address the key challenges and capitalize on opportunities for inclusive and 
sustainable development. We hope this approach can help researchers to spot/identify timely gender and social inclusion patterns, 
topics and gaps that can be observed and improved for future studies. 

2. Methods 

2.1. Document sourcing and searching 

Our study considered literature focused on Ethiopia, where a large number of land restoration initiatives and studies have been 
undertaken/implemented (Abera et al., 2020). Variations and combinations of the following search terms were used to find articles 
specific to this study: land restoration, forest landscape restoration, sustainable land management, soil water conservation, land 
rehabilitation, Ethiopia, impact, benefit(s), livelihood(s), gender, community, female headed, social transformation, woman, female, 
inclusion, equality, and equity. The search for literature, i.e. peer-reviewed articles, was conducted in July 2020. Specifically, we used 
the following search codes (“Ethiopia” AND “land restoration” OR “forest landscape restoration” OR “sustainable land management” 
OR “soil water conservation” OR “land rehabilitation” AND/OR “impact, benefit” OR “livelihood” OR “gender” OR “community” OR 
“female headed” OR “social transformation” OR “woman” OR “female” OR “inclusion” OR “equality”, OR “equity”). Databases 
searched included the CGIAR publication database, Wiley Online Library, JSTOR, Elsevier, Science Direct, Sage Journals, Taylor and 
Francis Online, ProQuest, Springer Science and Business, ResearchGate, United States Department of Agriculture: National Agricul-
tural Library, Semantic Scholar, and CORE. Snowballing enabled us to gather literature beyond the above-cited venues. We addi-
tionally used Google Scholar to locate open access articles. Based on the title and abstract review, articles that did not fall into the 
specified themes or geographic area of Ethiopia are excluded manually. 

Fig. 1. Methodological workflow used to assess the gender responsiveness of scientific literature on land restoration in Ethiopia (Key: TF-IDF: Term 
frequency - inverse document frequency). 
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2.2. Text mining and modeling 

Text mining is an efficient and automated process to derive high-quality information from a large set of documents (Cohen and 
Hunter, 2008; Rzhetsky et al., 2009). In this study, we text mined 312 peer-reviewed articles. This text-mining approach followed the 
following steps: (i) preprocessing text for a clean, comparable, and useable text format; (ii) identifying and extracting gender and social 
inclusion keywords mentioned in the land restoration literature; (iii) analyzing keyword (in general) and keyword (inclusion-related) 
frequencies and associations; (iv) evaluating gender-inclusion levels in each peer-review article; and (v) developing topic modeling to 
disentangle the most important topics discussed in gender-sensitive or -transformative RDL literature in Ethiopia (Fig. 1). 

2.2.1. Preprocessing text 
Extraction of information from a large set of documents using text mining requires a set of preprocessing steps. The first operation is 

the conversion of pdf to text format using the pdf tools R package (Ooms, 2020). Subsequently, the raw text is converted to smaller text 
units (a process called tokenization) including character, word, sentences, lines, paragraphs, and n-grams). In this study, we have 
segmented the raw data into words and n-grams (particularly 2-g) using tidytext (Silge and Robinson, 2016) package. N-grams display 
the words that co-occurred the most (a 2-ngram is, for example, natural + resources). 

In natural language processing (NLP), words that ensure sentence structure and grammar but contain little information are called 
stopwords (e.g., is, of, was, the). We used the snowball package (Bouchet-Valat and Bouchet-Valat, 2020) to remove stopwords, which 
reduces computational demand. The third and important preprocessing step is stemming, a process of reducing each word to its basic 
forms. For example, crop, crops, cropping, cropped will all be reduced to crop* (Bouchet-Valat and Bouchet-Valat, 2020). We used the 
snowball R package for stemming words. 

2.2.2. Identifying and extracting gender and social inclusion keywords 
We identified a set of gender and social inclusion keywords through an iterative process, relying on the gender and social inclusion 

literature, co-authors, and gender experts to identify a set of keywords relevant to refer/infer aspects of gender and social inclusion 
(Appendix 1). For example, we screened articles for gender and social inclusion keywords such as: affirmative, benefit, co-benefits, 
community, disaggregate, elder, engagement, equal, equality, equitable, equity, female, gender, gender-responsive, income, inclu-
siveness, livelihood, mainstream, ownership, participation, participatory, power, sex, smallholder, tenure, women and youth. We used 
the stemmed version of the keywords and identified matching keywords with the R package fuzzyjoin (Robinson and Silge, 2020). 

The keyword screening process provides insights on the level of overall attention paid to gender and social inclusiveness in the land 
restoration literature. We quantified the frequency of each keyword in every article to explore and characterize the nature of the 
gender representations in the literature. We then supplemented frequency analysis with network analysis to further identify 
connection of keywords. In network analysis, words are depicted as nodes, while their co-occurrence is represented as edges or links. 
The co-occurrence analysis is conducted by aggregating all articles that contain co-occurring keywords. For an article to be included in 
this analysis, we set a minimum of three co-occurrences of the specified keywords. By comprehending the network’s structure, 
including central nodes, clusters, and branches, this approach provides valuable insights into the text’s underlying themes and 
relationships. 

2.2.3. Analyzing word and keyword frequencies and associations 
We used term frequency (tf) to identify the most frequently occurring words in each article and through time. Additionally, we 

weighted article word and keyword frequencies by the inverse of their frequency across all articles, a metric called term frequency- 
inverse document frequency (tf-idf) statistics (Tokunaga and Makoto, 1994; Havrlant and Kreinovich, 2017). The tf-idf is a statisti-
cal measure that helps to identify relevant words in an article and a group of articles, and is calculated as follows (Ramos, 2003): 

tf − idf (t, d,D)= tf (t, d) ∗ idf (t,D)

where t is for a specific term or word, d represents a specific article, tf (t,d) is the frequency of t in d, D represents all articles, idf(t,D) is 
the inverse article frequency, which can be viewed as a weight. The idf (t, D)is estimated as: 

idf (t,D)= log
N
nt  

where N is the total number of articles, and nt is the number of articles with the term t in it. We used the R tidytext package to generate 
the tf-idf statistics for each word and document (Robinson and Silge, 2020). We explored word and keyword associations through a 
network analysis, which helps to understand what words or keywords are central to the network and keep it connected. 

2.2.4. Identifying the level of gender sensitivity and inclusion 
Adapting work done by Pederson et al. (2014), which provided gender classifications for projects and programs based on their level 

of engagement for gender considerations, we classified peer-reviewed articles into three main groups: gender blind, gender sensitive, and 
gender transformative. Articles that did not include any account of gender — either through disaggregation of data by sex, or some kind 
of inference or discussion of gender and social inclusion — were categorized as gender blind. Gender-sensitive (or gender-aware) studies 
are those that consider gender roles, differences, and/or inequalities (e.g., in access to resources), but do not consider their underlying 
causes. If an article presented data or analysis by gender in any section, it was categorized as gender sensitive. Finally, gender 
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transformative articles were research that aims to understand the systemic bottlenecks and barriers to gender equality and/or how to 
challenge these barriers in order to advance gender equality. With regard to restoration, examples of this research include how gender 
norms limit women’s land rights and restoration opportunities, their rights to restoration benefits, and/or how restoration initiatives 
can challenge discriminatory norms that limit women’s resource rights and incomes. 

With our gender experts, we manually classified the articles into three gender classes based on a full text reading. Then we used 
75% of the articles iteratively to train the machine learning model. The model analyzed those documents and extracted features (e.g., 
rare, unique and common words in each document and across classes) which allowed the model to “understand” why the article is 
assigned to a certain category (i.e. gender blind, gender sensitive or gender transformative). We used multinomial regression, based on 
glmnet R package, because it has shown better performance in other studies (Friedman et al., 2021). The trained model is tested with 
25%of the articles. To obtain the best combination of glmnet lesso model parameters, we used 10-fold cross validation for the training 
dataset. In addition to the overall model performance, we used a confusion matrix between manually-assigned categories by experts 
and automatically assigned categories by the predictive model to further examine the predictive capacity of the algorithm for the three 
gender classes. 

2.2.5. Topic modelling 
We conducted topic modelling to examine the types of gender issues and topics raised in relation to land restoration in Ethiopia. To 

this end, topic modeling (Nikolenko et al., 2017) was done on the aggregate of gender inclusive (gender sensitive and transformative) 
articles because there were too few articles to analyze each category. Topic modeling is an unsupervised machine learning technique 
that does not require a predefined list of tags and training data prepared by humans. We used topicmodels R package (Grün and Hornik, 
2011), which uses Latent Dirichlet allocation (LDA) algorithm (Blei et al., 2003) to map each article into a set of topics and a set of 
words for a given topic. Topic modeling tools provide a fast and feasible way of extracting latent semantic structure in documents and 
establishing links between the latent topics, which would otherwise be impossible or time consuming for a large dataset. Topic 
coherence and prevalence are the two indexes used to estimate the number of topics and also as diagnosis of quality of defined topics. 
Coherence is defined as the average or median of pairwise word similarities formed by top words of a given topic. It is a measure of how 
often the top tokens in each topic appear together across all articles. Prevalence of a topic is the probability of topics distribution across 
all articles (Röder et al., 2015; Maier et al., 2018). As abovementioned, the two metrics are estimated for articles classified as gender 
sensitive and gender transformative classes. 

3. Results and discussions 

3.1. Overall gender-related n-grams (keywords) analysis 

Our literature sourcing resulted in 312 peer-reviewed articles covering a wide range of approaches in land restoration, from testing 
specific methodologies to impact assessments of land restoration on ecosystem services. Results show that the common elements 
discussed in these articles are disproportionately centered on biophysical aspects and specifically on key environmental resources such 
as land, soil, water, and forests, and their management and conservation (Fig. 2a). In land restoration articles, the top-four 2-g are: land 
degradation, water conservation, soil erosion, and land management (Fig. 2b). Northern Ethiopia is also frequently mentioned, 
indicating that this area has been the center of the land degradation studies in the country. This is in line with the meta-analysis by 
Abera et al. (2020) that shows that most studies have been conducted in the northern part of Ethiopia due to the high prevalence of 
land degradation in the region compared to the rest of Ethiopia. 

The most-frequently mentioned gender and social inclusion keywords across articles include: community, participation, benefits, 
tenure, ownership, and smallholder, each mentioned in above 100 articles (32 percent) (Fig. 2c). Words such as female, gender, and 
sex were mentioned in less than 10 percent of the articles (Fig. 2c). Keywords such as equality, equity, equal, and norms, suggesting a 
higher level of inclusion, are mentioned in only 5–10 percent of the articles. Keywords pertinent to gender-sensitive and gender- 
transformative concepts — such as negotiation, mainstreaming, leadership, ethnicity, and equality — were present only in 3–5 arti-
cles (Fig. 2c). Gender and social inclusion keywords that were absent from the land restoration literature for Ethiopia include: ancestry, 
disability, diversity, identity, intersectionality, minority, multicultural, and many other important terms that relate to social diversity 
(Fig. 2c). This suggests that the scientific knowledge and work on land restoration poorly addresses gender and social inclusion in 
relation to land restoration in Ethiopia. However, the 2-g analysis on the gender and social inclusion keywords suggests that aspects 
such as community base, smallholder farmers, tenure security, and income generation are frequently discussed (Fig. 2d). 

Our network analysis of the keywords (Fig. 3a and b) reinforces the focus on biophysical and environmental aspects in RDL research 
but shows the dominant role of keywords such as soil, land, farm, agriculture, and develop (Fig. 3a). Words such as fertility, moisture, 
nutrient, improvement, control techniques (bunds and terrace), frequently orbit around the word “soil”. Whereas restoration, reha-
bilitation, resources, certification and tenure are the most frequently orbiting words around “land”. Practices, products, sustainability, 
and development orbit around “agriculture”, and size, system, and income orbit around “farm” (Fig. 3a). When focusing on gender and 
social inclusion keywords, we found that livelihood, gender, labor, control, and women are keywords that connect the whole 
constellation of inclusive-related words (Fig. 3b). 

3.2. Gender-related keyword trend analysis 

We found a positive trend over time in the use of social inclusion related terms within the restoration literature (Fig. 4). Before 
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Fig. 2. Overall frequency of use of (a) keywords, and (b) 2-g; and gender and social inclusion (c) keywords, and (d) 2-g in RDL literature in Ethiopia.  
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2005, very few land restoration research articles use social inclusion terms such as asset, communities, culture, security, role, system, 
equity, female, rights, and sex. However, after 2005, the use of these words grows exponentially, particularly for words such as access, 
community, income and participatory. The use of other keywords that are more related to gender and social inclusion, such as equity, 

Fig. 3. Network analysis of (a) keywords (number of articles >20) and (b) gender and social inclusion-related words (number of articles> =5) based 
on RDL literature relating to Ethiopia. 
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inclusiveness, and negotiation, however, have been growing at a slower rate (Fig. 4). An increasing number of articles on land 
restoration in relation to social inclusion is a good sign in general as it aims to address the call for land restoration that provides 
livelihood benefits to people and community, not just biophysical benefits. 

3.3. Gender inclusion grade using document classification 

The gender experts classified the 312 publications into three gender classes: gender blind (58 percent of the articles), gender 
sensitive (38 percent) and gender transformative (4 percent). Relatively large percentage (38%) of gender sensitive studies can be 
misleading as we consider articles that have gender disaggregated data, discussed gender and social inclusion terms/concepts versus 
land restoration, or provided interpretation or inference of it in general. In a strict sense, while gender sensitive studies seem to be large 
in number, gender transformative research in which the advancements of restoration research in relation to gender inclusion needs to 
achieve is rare. Our efforts to predict an article’s gender classification resulted in an overall model predictive power of 69 percent. This 
indicates that combining text mining and multinomial regression models is a promising strategy for enabling the automatization of 
documents or article classification into gender grades, although further research is needed to improve the predictive power of this 
combined method. Interestingly, the model was able to accurately classify articles using or applying a gender-transformative approach 
(accuracy = 82 percent) (Fig. 5). However, gender-blind and gender-sensitive articles were properly classified approximately half of 
the time (accuracy = 53 percent and 58 percent, respectively). In general, this workflow can be extended to automate: 1) reviewing 
land restoration and gender insights at regional and global scale, 2) monitoring gender and social inclusion in relation to land 
restoration related studies, and 3) developing framework that can facilitate the inclusion of gender and social inclusion perspective 

Fig. 4. Temporal trend (1995–2020) in the use of gender and social inclusion keywords in land restoration research in Ethiopia.  
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when doing land restoration studies in future. 

3.4. Gender topics discussed using topic modeling 

The topic modeling analysis (Table 1) identified seven broad thematic areas — 1) Land management; 2) Forest/church restoration; 
3) Agricultural systems; 4) Household technology adoption; 5) Community-based interventions; 6) Soil conservation; and 7) Agri-
cultural products – often discussed in the articles classified as gender sensitive or transformative. Under each topic, a different set of 
words, and gender and social inclusion keywords are frequently discussed (Table 1). As expected, the most-discussed topic (e.g., 
highest prevalence) is around land management, whereas soil conservation and topics related to agriculture were the least mentioned. 
The highest probability is obtained for land management thematic area followed by church forest. Thematic area 1 is related to land 
management, tenure and its role and impact on the livelihood of smallholder farmers. This can be expected as large body of studies are 
conducted on land restoration and management in Ethiopia. Thematic area 2 is related to the contribution of church and forest 
conservation and afforestation. Many studies provided the contribution of the church to forest conservation in Ethiopia (Sahle et al., 
2021; Wassie et al., 2009; Aerts et al., 2016). Forests, in the vicinity of orthodox church, are part of the religious spaces and considered 
as sacred. Thousands of churches in Ethiopia have been widely acknowledged for their ecological value. Wassie et al. (2009) estimated 
availability of 35,000 orthodox church communities whereas Aerts et al. (2016), using remote sensing, estimated as many as 19,400 
church forests in the Ethiopian highlands, with a total area of 39,000–57,000ha. However, the latter two thematic areas seem to 
discuss key aspects for inclusion, for example, “agricultural products” was the only topic that listed labor in the top-ten gender and 
social-inclusion keywords, whereas “soil conservation” seemed to focus on the household level. Across the topics, “household tech-
nology adoption” seemed the most intersectional topic, as it discussed a wide range of ideas including age; household head; education; 
female; participation; family; and gender. Overall, the topic coherence matrices shows that low topics’ quality and limited inter-
pretability. This could be due to the articles included in this analysis are those contains both the biophysical and social and gender 
issues together, which could affect topic quality. The highest coherence matric value is obtained for soil conservation topic, with only 
“household” social inclusion keywords (Table 1). When the topic has more gender and social inclusion keywords, the coherence 
matrices decline likely due to the limited probability of co-occurrence of biophysical and gender inclusion keywords. 

4. Conclusions and implications 

This study has aimed to understand the extent of gender and social inclusion in land restoration studies in Ethiopia, through a 
review of 314 peer-review journal articles published between 1985 and 2020. The approach we applied in this research facilitated our 
exploration and analysis of the content of restoration-related research in Ethiopia through a gender and social inclusion lens. There is a 
large body of evidence attesting the importance of gender and social inclusion dimensions in supporting positive intervention 

Fig. 5. Confusion matrix showing the number of articles classified into three gender classes defined by experts in x-axis and predicted gender class 
by ML (machine learning) text mining algorithm in the y-axis. Gender blind n: 181 articles; gender sensitive n: 121 articles; and gender trans-
formative n: 12 articles. 
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engagement and outcomes (Leisher et al., 2016). Yet, our findings show that the majority of restoration research in Ethiopia remains 
blind to gender and social inclusion. Despite the exponential growth of gender and social inclusion keywords after 2005, research that 
examines the underlying causes of inequality (gender transformative) in restoration actions remains extremely rare. 

Costs and benefits for different groups of women and men related to land restoration is shaped by considering multiple, 
contextually-specific, socio-economic, and cultural factors, which can, to a considerable extent, determine the success of restoration 
initiatives. Thus, full and equal participation of marginalized groups – particularly minorities or often-ignored agents of change, such 
as women – is needed in the planning and design of restoration initiatives to ensure better outcomes and shared benefits. 

Ethiopia is one of the countries globally with the largest, if not the most extensive, experience and efforts in restoring ecosystems, as 
reflected in the large body of peer-reviewed publications on this very topic. Hence, our findings can serve future global, regional, and 
national efforts in more adequately shaping land restoration. Making these efforts inclusive and intersectional will require the col-
lective action of all the stakeholders involved in restoration – from the donors specifying in their calls for funding that project design 
includes, international organizations, governments, research organizations, and communities, down to individual smallholders – to 
ensure that intervention designs have strong gender/social inclusion foundations. In particular, closer monitoring and measurement of 
the impact of restoration efforts is needed across all stakeholders and rightsholder groups, as well as extending these efforts beyond the 
biophysical aspects into social relationships. It is unclear to date how and to what extent restoration efforts affect the most vulnerable 
or least-represented stakeholders in terms of poverty, power imbalances, and the benefits deriving from restoration. These are 
important gaps to be filled within restoration initiatives that will also help to achieve multiple Sustainable Development Goals by 
2030. 

Scientists and researchers working on land management need to integrate inclusion aspects and gender analysis into their studies in 
order to inform and guide land management interventions, programs, and policies. Policies and interventions that consider and address 
the existing gender gaps in power, ownership, access to, and benefits from land resources are needed to improve adoption and scaling 
out of restoring degraded landscapes in Ethiopia and beyond. Our findings highlight the importance of developing enabling factors and 
policies to guide gender-transformative projects in land restoration and encourage studies highlighting gender inclusiveness in land 
restoration practices and impact assessments of such practices. 

The limitation of this study is that the sample size is relatively small for machine learning algorithms. In addition, the keywords that 
are used as gender and social inclusion can be improved by developing standardized conceptual inferences such as gender and social 
inclusion dictionary. Dictionary-based text mining analysis is based on the community (e.g. gender community) priori definition of 
each keyword and its relations with large conceptualization. These are common in sentiment analysis and well-advanced dictionaries 
in the medical field. With similar efforts to this study, gender and social inclusion dictionaries can be developed and used to facilitate 
automatic text mining analytics on land and land management in relation to gender and social inclusion. The low performance of topic 
modelling can be improved by complimenting the machine learning process with human experts in more efficient way of interacting 
and go through each important keywords in each topic and article. 
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Table 1 
There are seven main topics mentioned or discussed in the land restoration studies literature in Ethiopia, which have been classified as gender 
sensitive or gender transformative. Topics are organized by the probability of occurring (prevalence) and the quality assessed as the level or related 
words (coherence). A traffic color scheme is used to classify prevalence and coherence values as high (green), medium (yellow) and low (red) based on 
the percentile distribution.  

Topic Top 10 Keywords Gender and social inclusion 
keywords 

Prevalence 
(probability) 

coherence 
(quality) 

1. Land management land; management; agriculture; resource; secure; 
sustain; food; develop; tenure; research 

tenure; livelihood; smallholder; 
rights; policy; rural; impact; role 

22 0.06 

2. Forest/church 
restoration 

forest; land; tree; manage; exclosure/enclosure; 
livelihood; plant; church; product; access 

livelihood; local; villages; 
participation; benefit 

17 0.06 

3. Agricultural systems Agriculture; system; climate; change; livelihood; 
develop; food; work; conserve 

promote; social; 
sustain; traditional; community; 
credit 

16 0.07 

4. Household 
technology 
adoption 

household; adopt; farm; variable; access; size; factor; 
education; practices; extension 

age; household head; education; 
female; 
participation; family; gender; 

16 0.08 

5. Community-based 
interventions 

community; farmer; participation; implement; 
practice; govern; member; technological; 
management 

Community; women; benefit; 
location; decision; role; impact 

14 0.05 

6. Soil conservation soil; conservation; fertility; water; farmer; household; 
practice; adopt; erosion; bund 

household; 9 0.14 

7. Agricultural 
products 

land; income; crop; farm; irrigation; cash; product; 
market; invest; diversification 

access; livelihood; labor; 7 0.08  
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Appendix 1 

Gender and social inclusion keywords used for analysis 

“ableism”, “aboriginal”, “accessibility”, “accessible”, “adaptive technologies”, “adverse impact”, “affirmative action”, “age”, “ally”, 
“racism”, “assistive”, “bias”, “bigotry”, “sex”, “male”, “female”, “disability”, “culture”, “custom”, “diversity”, “race”, “ethnicity”, 
“religion”, “education”, “discrimination”, “diverse”, “elder”, “opportunity”, “equity”, “exclusion”, “privilege”, “gender”, “identity”, 
“harassment”, “historical disadvantage”, “inclusion”, “indigenous”, “intergenerational”, “power”, “prejudice”, “pride”, “minorities”, 
“ancestry”, “citizenship”, “ethnic origin”, “family status”, “marital status”, “stereotype”, “systemic”, “access”, “intersectionality”, 
“marginalization”, “multiculturalism”, “patriarchy”, “justice”, “participation”, “tokenism”, “tolerance”, “leadership”, “control”, 
“benefits”, “role”, “livelihood”, “women”, “community”, “Youth”, “Equal”, “tenure”, “smallholder”, “participatory”, “ownership”, 
“asset”, “right”, “awareness”, “norms”, “negotiation”, “disaggregate”, “gender-responsive”, “affirmative”,"mainstream”, “engage-
ment”, “income”, “grievance”, “security”, “equitable”, “inclusive”, “labor". 
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