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Abstract 

Background: Ecosystem service supplies (ES) have experienced progressive decline mostly due 

to increased ES social demand. Identifying ecosystem supply (ES), social demand, and their 

impacts on smallholder farmers' well-being is essential to ensure sustainable utilization of ES. 

Quantitative studies assessing ES mostly focused on ES supply with little attention given to 

social need and its effects on human well-being.  

Methods: We assessed and mapped selected ES supply, social demand and their mismatches, 

and evaluated their impacts on subjective well-beings of smallholder farmers in contrasting agro-

ecological zones (AEZ). We used a questionnaire survey to analyze and map six provisioning 

ecosystem services (ES) focusing on ES supply, social demand and their mismatches. Using the 

universal soil loss equation (USLE), we mapped the rate of soil loss in the contrasting agro-

ecological zones (AEZ). A participatory approach was employed to evaluate smallholder 

farmers' well-being in the study region. Radar diagram was used to identify the links between ES 

supply, social demand and smallholder farmers' well-being.  

Results: The results showed that a high supply of provisioning ecosystem goods such as cereal 

crops, fruits and coffee occurred in humid AEZ, while less supplies were seen in semi-arid AEZ 

of the study region. The ES supply was not in accordant with ES social demand and different 

factors such as population size and level of production are among the main factors  causing  ES 

supply-demand mismatches. Due to the undulating topography, high rate of soil loss was seen in 

humid AEZ. Smallholder farmers have given higher values for soil erosion control compared 

with individuals from semi-arid AEZ. Of all indicators of smallholder farmers well-being, 



3 

 

income had the highest weight while receiving the least well-being satisfaction level both in 

humid and semi-arid AEZs.  

Conclusion: The mismatches between supply and demand in provisioning ecosystem supply had 

strong and immediate impacts on smallholder farmers well-being. Therefore, we suggest policies 

that effectively control population growth, applying intensive crop production and strengthening 

integrated watershed management. These policies would help ES to recuperate and enhance its 

continuous flow and improve smallholder farmers' well-being both in the humid and semi-arid 

AEZ of the study region. 

Keywords: agro-ecological zone; ecosystem service supply; social demand; supply-demand 

mismatch; subjective satisfaction; well-being indicator 

 

 
1. Introduction 

     The benefits obtained from an ecosystem have attracted attention among different 

stakeholders worldwide [1, 2]. The economy of a nation is dependent on goods and services 

delivered by the ecosystem [3]. However, the increases in population and subsequent demand for 

economic development and urbanization have seriously affected multiple ecosystem services' 

temporal and spatial distribution (ES). Besides, the extent and intensity of societal dependency 

on ES have accelerated sharply than were in the past [2-4], recognizing the strong interaction 

between ES and human well-being. Since ES contribute to and shape well-being, requires an 

understanding of ES dynamics that the livelihood of the rural community depends on [2, 5-7]. 

However, lack of empirical evidence on the constitutes of well-being and its relationships with 

ES especially in the Sub-Saharan region limits the optimum utilization of ES supplies [8, 9].    
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      Studying the status of ES supply and demand in connection with human well-being becomes 

a vital cross topic in research worldwide [9-14]. To ensure the continuous flow of ES, ES must 

be consistently utilized in a sustainable manner that balance supply and demand [15]. 

Quantifying ES supply and demand have numerous benefits, among which, improving public 

awareness and alerting policymakers on how to manage contested resources are the most 

important ones. Moreover, it helps to know the cost of ES degradation and restoration, assist 

policy formulation and pave the way for sustainable ecosystem management [11, 12, 16-19]. 

Different countries have different environmental policies to reduce ES degradation and ensure 

sustainable management of social-ecological systems [15]. The mistranslation of these policies 

could cause a mismatch between ES supply and demand and becomes the main factor in causing 

unsatisfied demand [9, 20]. Whenever there is no balance between ES supply and demand, the 

situation is said to be "mismatches" [7, 12, 15, 21]. The mismatch indicates the relationship 

between ES supply and demand [22]. However, most of the previous case studies had focused 

only on assessing the single ES supply-side, where the social demand-side and its impact on 

human well-being have been mostly ignored [23]. 

      Due to population pressure in sub-Saharan Africa, it is believed to see an increasing 

mismatch between ES supply and demand over time and no exception for East African countries. 

Expansion of cultivated land in response to the increased population has further exacerbated the 

mismatch [11]. Most studies reported declining trends of ES supply over time due to LULC 

change [11, 24, 25] contrary to alarmingly increasing ES demand. However, these studies lack 

ES demand-side and give little attention to mismatches' impacts on smallholder farmers' well-

being. Therefore, understanding the ES supply-demand relationship is crucial to fill gaps created 

by mismatches and underpin human well-being improvements. Besides, recognizing the existing 
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linkage between human well-being and ESs will increase the effort to prioritize ES management 

options and pave the way for effective implementation of relevant policies and programmes in 

the study region. Therefore, we aimed to address the following two research objectives: 

 To assess and map ES supply, demand, and mismatches in contrasting agro-ecological 

zones (AEZ). 

 To link ES supply-demand relationships with smallholder farmers’ well-being along 

contrasting agro-ecological zones (AEZ). 

Addressing these objectives will help to identify ES supply-demand sides, prioritize ES 

restoration and management to narrow gaps created by mismatches in a contrasting agro-

ecological zone. 

2. Materials and Methods 

2.1 Study area 

The study region is predominantly located in the Southeastern escarpment of Ethiopian Rift 

Valley, which lies between 6°10′0′′ to 6°30′0′′ N and 38°0′0′′ to 38°30′0′′ E (Figure 1). It is 

located inside the Great East Africa Rift Valley with a total area of 2,226.92 km2. Our study site 

includes six districts located in three political administrative regions, namely Southern Nation, 

Nationalities People Regional State (SNNPRS: Wonago, Bule, Yirgachefee, Dilla Zuriya 

districts), Sidama Region (Dara Districts) and Oromia Regional State (Abaya District) (Figure 

1). 

The altitude ranges from 1142 to 3017m asl, comprising two different agro-ecological zones 

(AEZ) (Figure 1). The dominant characteristics of each AEZ are listed in Table 1. The 

interviewees' basic characteristics are summarized in the supplementary material (Table S1). 
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2.2 Research framework  

Given the supply-demand-side, we aimed to identify the links between ES supply, social demand 

and smallholder farmers’ well-being in the contrasting agro-ecological zone (AEZ) (Figure 2). 

To do the links, six provisioning ES one regulating ES such as soil erosion control were selected. 

We then, mapped the provisioning ES supply, demand and their mismatches and modeled the 

biophysical ES supply such as soil erosion control. We designed indicators for assessing 

smallholder farmers’ well-being by incorporating expert opinions for determining the weights of 

each well-being indicators using the questionnaire. Figure 2 shows the detailed links of the ES 

supply-demand relationships. 

2.3 Data Sources and Methods 

2.3.1 Estimation of ES supply 

Estimating crop yield to determine the ES supply is always a challenging exercise that employs 

either a subjective or objective method.  Subjective method of determining crop yield is carried 

out in farms owned by smallholder farmers and prefered to use this method because it is easy to 

implement [26]. Our study used subjective methods and focused on ecosystem goods and 

services considered more relevant to the study region. The selected ES supplies include cereal 

crops, fruits and coffee yields. They were chosen because they are easy to identify their supply, 

social demand and mismatches from cultivated and agroforestry land-use types (Table 2). The 

data for provisioning ES supplies were obtained from the head of smallholder farmer households 

in each Kebele1 in quintal2 using a semi-structured interview. Then, the total ES supply of each 

provisioning ES was collected from each smallholder farmers in the study region (Eq. 1). 

                                                            
1 Kebeles are the smallest and lowest level of political administration units in Ethiopia.  
2 a unit of weight. 1 quintal equal to 100 kilograms. 
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 𝑇𝑌𝑐𝑒𝑟𝑒𝑎𝑙𝑠,𝑓𝑟𝑢𝑖𝑡𝑠 & 𝑐𝑜𝑓𝑓𝑒𝑒   = (Yield in quintals per year in each HH)                                      (1) 

Where: TY is the total yield of cereals, fruits and coffee in quintal, HH: household 

Our ES supply estimation also included regulation ecosystem service such as soil erosion control 

of the study region. Such regulating ecosystem service was estimated indirectly using the study 

region's annual soil loss.  We assumed that the lesser yearly soil loss (t/ha) would have higher 

soil erosion control regulating ES supply in the study region. The annual soil loss of the study 

area was computed using the revised universal soil loss equation (RUSLE), adapted to Ethiopian 

conditions by Hurni [27] as described in Eq. (2). 

   𝐴𝑟 = 𝑅 ∗ 𝐾 ∗ 𝐿𝑆 ∗ 𝐶 ∗ 𝑃                                                                                                            (2) 

Where: Ar is the annual soil loss in t/ha; R is the rainfall and runoff erosivity factor; K refers the 

soil erodibility factor; LS is slope steepness and length factor; C is the cover management factor, 

and P is the conservation support practice factor. 

2.3.2 Estimation of ES social demand 

The subjective estimation method was employed to estimate ES social demand for smallholder 

farmers. The ES social demand for ES supply such as cereal crops, fruit and coffee, was obtained 

depending on the household consumption of these crops in quintals using the current market 

values. We assumed that the higher demand for these provisioning ES is driven by increased 

market values [15]. The social need for each ES supply was collected in quintals from each 

smallholder farmers' household head using a semi-structured interview. The total demand 

estimation was carried out by collecting ES social demand from each smallholder farmer 

household head in the study region (Eq. 3).  
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𝑇𝐷𝑐𝑒𝑟𝑒𝑎𝑙𝑠,𝑓𝑟𝑢𝑖𝑡𝑠 & 𝑐𝑜𝑓𝑓𝑒𝑒  = (HH consumption in quintals per year)                                               

(3)          

Where: TD is the total demand of cereal crop, fruits and coffee in quintals, HH: household 

 

To estimate the social demands for regulating ES such as soil erosion control, we used the 

benefit transfer method.  Smallholder farmers' value attached to soil erosion control was taken as 

social demand for abating soil loss in the study region. We assumed that the higher annual soil 

loss (t/ha) would indicate the more increased need for soil erosion control regulating ecosystem 

service supply in the study region. The estimation of social demands for soil erosion control ES 

was computed using the following formula (Eq. 4). 𝐸𝑆𝑉𝑓  = ∑(𝐴𝑘  ×  𝑉𝐶𝑘𝑓)                                                                                                                (4) 

Where: ESVf = estimated ecosystem service values of function ‘f’, Ak = the area (ha) and VCkf = 

value coefficient of function ‘f’ (US $ ha-1 yrea-1 for each LULC class ‘K’.  

 

We obtained the datasets used for estimating social demands for soil erosion control (ecosystem 

service value coefficients) from Temesgen, WU [28]. We used a semi-structured interview and 

focus group discussion (FGD) for a detailed understanding of the social demands of soil erosion 

control in the study region.  

 

2.3.3 ES Supply-Demand Ratio (ESDR) analysis 

We calculated ES Supply-Demand Ratio (ESDR) analysis for cereal crops,  fruit and coffee 

provisioning ESs. The ES supply-demand ratio tries to connect the ES supplies with social 

demands. Their mismatches can be easily identified using the supply-demand ratio analysis as 

described by  Li, Jiang [29] under Eq. (5).  
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𝐸𝑆𝐷𝑅 =  (𝐸𝑆𝑆𝑎𝑐𝑡𝑢𝑎𝑙)−(𝐸𝑆𝐷ℎ𝑢𝑚𝑎𝑛)(𝐸𝑆𝑆𝑚𝑎𝑥+ 𝐸𝑆𝐷𝑚𝑎𝑥)/2    {> 0, 𝑒𝑥𝑐𝑒𝑠𝑠 𝐸𝑆𝑆/𝑠𝑢𝑟𝑝𝑙𝑢𝑠= 0, 𝑏𝑎𝑙𝑎𝑛𝑐𝑒< 0, 𝑒𝑥𝑐𝑒𝑠𝑠 𝐸𝑆𝐷/𝑑𝑒𝑓𝑖𝑐𝑖𝑡}                                         (5) 

Where:  ESS and ESD are the actual ES supply and ES demand for a specific ES, respectively. 

ESSmax and ESDmax indicate the maximum values of ES supply and demand. A positive value 

shows an ES surplus, zero suggests a balance between ES supply and demand, and a negative 

value shows a deficit of ES supply relative to demand [29, 30].  

2.3.4 Assessment of smallholder farmers’ well-being 

 

For assessing smallholder farmers' well-being, we used a participatory approach focusing on 

well-being dimensions prepared by MEA [1], such as basic material for a good life, health, 

security and social relations. We established a set of 11 well-being indicators from the given 

domains to assess smallholder farmers’ well-being (Table S2). Expert opinions made the 

selection and the weight of each indicator. To normalize the weight of each indicator, we 

employed the techniques of the analytical hierarchical process (AHP). Subjective satisfaction 

was applied to obtain the well-being level of each indicator and the well-being level of 

smallholder farmers. A five-point Likert scale was employed to evaluate the satisfaction degree 

of smallholder farmers based on each indicator (i.e., 0.2 = strongly dissatisfied, 0.4 = dissatisfied, 

0.6 = neutral, 0.8 = satisfied, and 1 = very satisfied).  All responses were coded in order from the 

lowest score of 0.2 to the highest score of 1. A higher score represented a higher level of smallholder 

farmers’ well-being. The well-being levels in contrasting agro-ecological zones were quantified by the 

mean level of all respondents' satisfaction degree within the study region.  

 

2.2.1 Sampling, Data processing and analysis 

We used multi-stage sampling techniques for collecting data. First, we stratified the study area 

into two agro-ecological zones. Second, purposive sampling was employed to identify the 
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representative kebele from humid and semi-arid AEZ. Accordingly, 63 kebeles were selected, 

out of which 41 kebeles were from humid while 22 were from the semi-arid AEZ. In the third 

stage, a simple random sampling technique was employed to select sampled households. Given 

the relative homogeneity of households in terms of the agro-ecological zone (AEZ), and the 

repetitiveness of the responses given, around 5-6 households were selected from each kebele for 

semi-structured interviews and focus group discussion (FGD).  To this end, a total of 317 

households were selected, out of which 110 (34.7%) were from semi-arid AEZ, while 207 

(65.3%) were from humid AEZ. We prepared questionnaires for semi-structured interviews and 

FGD in English. Then, we translated into three major local languages: Gede’uffa and Sidamuffa 

for the humid AEZ and Afaan Oromo for the semi-arid AEZ. All the interviews were conducted 

by the authors of this article and agricultural office experts. The spatial variation of each 

provisioning ecosystem goods was mapped using Inverse Distance Weighted (IDW) 

interpolation of ArcMap version 10.3.1 platforms. Finally, we used Spearman’s rank correlations 

to test the ES supply and demand correlation. Radar diagram was also used to link smallholder 

farmers’ well-being in each agro-ecological zone.  

3. Results 

3.1 Cereal crop and fruit production: Provisioning ES supplies and their spatial maps 

High supply of provisioning ecosystem goods such as cereal crops, fruits and coffee were 

observed in the humid agro-ecological zone (AEZ). 98.2%, 86.7% and 71.8%  of barley, wheat 

and teff supplies were respectively observed in the humid AEZ. Around 78.6% of cultivated land 

is located in the humid AEZ, and only 21.4% is in the semi-arid AEZ, so the supply of major 

crops was mainly from humid AEZ (Table S3). Similarly, high provisioning of fruit ES supply 

such as Avocado (93.5%) and Mango (93.3%) was observed in humid AEZ. High coffee 
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production (90.1%) was also observed in humid AEZ relative to semi-arid AEZ. Excess demand 

was found on cereal crop production, while excess ES supply was more evident on fruit and 

coffee production in humid AEZ. The higher mismatch was observed on teff crop followed by 

wheat and barley crops in humid AEZ. The spatial distribution of ES supplies both in humid and 

semi-arid AEZ was shown in Figure 3. 

 

In semi-arid AEZ, all ES supplies were found low compared to humid AEZ and have shown 

excess demand (Table S4). The expansion of cultivated land has improved the supply of cereal 

crops but not exceed the social demand. As aresult, the mismatch ratio of all provisioning ES 

supplies in the region had shown a negative ratio (excess demand). The higher difference was 

seen on barley followed by wheat and teff. The spatial distribution of provisioning ecosystem 

goods of fruit and coffee is shown in Figure 4. 

The result from the interview on ES supply showed that 78% and 40% of smallholder farmers 

inhabited in humid and semi-arid AEZs respectively believed that the study region provided an 

important provisioning ES to the community (Figure 5).  Compared with other ecosystem 

services such as soil erosion control, smallholder farmers preferred provisioning ES, which was 

more attached to their well-being levels. Therefore, smallholder farmer prioritized provisioning 

services than regulating services in the study area. Figure 5 indicates that 97% of the smallholder 

farmers observed coffee crop as an important ecosystem good followed by barley (94%), 

avocado (93%), mango (91%) and wheat (70%) in humid AEZ.  Similarly, 68% of the 

respondents viewed barley as an important provisioning ecosystem goods, followed by wheat 

(44%), coffee (39%) and teff (45%) in semi-arid AEZ. Only 29% and 27% of the respondent 

viewed avocado and mango fruit, respectively as an important provisioning ecosystem goods.  

3.2 Soil erosion rate: Regulation ES and its spatial distribution 
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The rate of soil loss of the study region was spatially different across agro-ecological zones. The 

observed average soil loss varies from 100-500 t/ha/year for semi-arid to 100-800 t/ha/year for 

humid AEZ (Figure 6). High soil loss was concentrated in the humid AEZ, covering large areas 

of the region. Due to undulating topography and high rainfall coupled with expanding cultivated 

lands, humid AEZ experienced the higher soil loss compared to semi-arid AEZ. However, the 

presence of agroforestry land-use types has given the area strong  soil retention and erosion 

control capacity. Therefore, soil erosion control ES supply was much higher as compared with 

semi-arid AEZ (Figure 7). In the semi-arid AEZ, the land is relatively flat with relatively denser 

trees/bushes/shrubs coverage, and low rainfall (622-1,254mm) distribution,  had experienced 

relatively low soil losses.  

Regarding the social demand for controlling soil loss, 85% of smallholder farmers were viewed 

as more important in the humid AEZ, where soil erosion potential was high. In humid AEZ, ES 

supply of soil erosion control has shown a gradual decrease in the period between 1988 and 2018 

(Figure 7) and estimated as 16.57, 16.11 and 15.1 million US $ per year for the period of 1988, 

2003 and 2018, respectively. As a result, the demand for controlling soil erosion has been 

increased in humid AEZ in the previous years (Figure 8). 

 

Similarly, in semi-arid AEZ, more than 60% of smallholder farmers were viewed soil erosion 

control as important for their livelihood. The ES supply of soil erosion control has been 

gradually decreased and estimated to 4.63, 3.56 and 2.06 million US $ per year for the period of 

1988, 2003 and 2018, respectively (Figure 8). As a result, the social demand for soil erosion 

control has been increasing gradually since the recent decades.  

3.3 Assessing the mismatches between ES supply and social demand 
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In our study area, the ES supply was not in accordance with the smallholder farmers’ social 

demand. The result of spearman's rank shows positive correlation between ES supply and social 

demand both in humid (Rho = 0.84; p< 0.05) and semi-arid (Rho = 0.76; p< 0.05) agro-

ecological zones (AEZ). However, the study area did not satisfy the alarmingly increasing 

demands of smallholder farmers for ES goods. The supply of cereal crops was less than the 

social demand, indicating excess deficits of cereal crops. In the study area, food production from 

cereal crops was viewed as an important ES supply for smallholder farmers’ well-being, but its 

supply from the ecosystem was lower (Table S3 and Table S4). The ES supply for cereal crops in 

the humid AEZ was relatively higher compared with semi-arid AEZ, but not able to satisfy the 

demands of smallholder farmers. Excess supply of fruit products was observed in humid AEZ. 

However, its temporal distribution is not even and its excess supply remains only for a limited 

number of months (4-5). Contrary to humid AEZ, deficit of fruit products was observed in semi-

arid AEZ. Coffee is one of the strategic crops in the humid AEZ. Its supply remains only for a 

limited number of months (September to December). Within these limited months, coffee 

products remains excess in humid AEZ. However, in semi-arid AEZ, since the area is not 

suitable for coffee production, high mismatches (deficit) have been observed.  The biophysical 

supply for soil erosion control has shown a gradual decrease in the study area.  However, the 

social preference for soil erosion control was relatively high, showing the mismatch between ES 

supply and social demand in the region. 

3.4 Smallholder farmers’ well-being 

Across the study area, the weight of well-being indicators and their subjective degree of 

satisfaction had spatial differences (Figure 9 A and B). Of all indicators, income had the highest 

weight in both humid and semi-arid AEZs (Figure 9), which was in accordance with the 
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relatively low level of socio-economic development of the region. Across the study area, next to 

income, high weight was given to physical health and mental health relative to other well-being 

indicators.  Concerning subjective satisfaction level of well-being, the relationship among 

neighbours (RAN) and relationships among family members (RAFM) had obtained the highest 

weight relative to others (Figure 9). However, their weights as well-being indicator were 

remained low compared with others. Moreover, the subjective satisfaction degree for physical 

health and mental health was relatively high. Their scores were found greater than 0.6 in both 

AEZs, which led smallholder farmers’ judgment to “neutral” that neither satisfied nor 

dissatisfied level of well-being. In humid AEZ, well-being indicators such as water consumption, 

transportation and natural hazard had a relatively higher well-being satisfaction degree, with 

scores ranging from 0.4 (dissatisfied)  to 0.6 (neutral) (Figure  9 A). Indicators such as income, 

housing, food consumption and public security had lower well-being satisfaction degree, and 

their scores were less than 0.4, which denotes the unsatisfied demand level of smallholder 

farmers.   

3.5 The relationships between ES supply and smallholder farmers’ well-being 

 

Our analysis indicated that local smallholder farmers were highly dependent on the local 

provisioning ES. The utilization of ES was spatially different in the study region. The radar 

diagram (Figure 10) showed the difference between ES supply and smallholder farmers' well-

being in the two agro-ecological zones.  Relatively high smallholder farmers’ well-being 

improvement was linked with a high supply of provisioning ecosystem services. For instance, 

both smallholder farmers’ subjective well-being and the supply of provisioning ecosystem 

services were highest in the humid AEZ and lowest in the semi-arid AEZ. The Spearman's rank 

correlation showed that the smallholder farmers well-being has a positive correlation with the 
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supply of provisioning ES both in humid (Rho = 0.8; p = 0.02) and semi-arid (Rho = 0.6; p = 

0.04) AEZs.  The production of cereal crop, fruit and coffee was high in humid AEZ but lowest 

in semi-arid AEZ, which determined the income level of each smallholder farmers. The 

regulation ES such as soil erosion control was higher in humid but lowest in semi-arid AEZ, and 

these had a strong relationship with the local provisioning ESs and affects the well-being levels 

of smallholder farmers. Based on these ES spatial variations across the humid and semi-arid 

AEZs, smallholder farmers well-being had a strong spatial correspondence with the supply-

demand mismatches in the provisioning ES. Compared with humid AEZ, the semi-arid AEZ had 

relatively serious mismatches in provisioning services (Table S4), and correspondingly, the 

smallholder farmers' well-being in the region was low compared with humid AEZ. 

 

4. Discussion 

4.1 Ecosystem services supply, social demand and their mismatches 

 

Ecosystems are natural capitals that strongly link human being with nature through providing 

ecosystem supplies to satisfy social demands [31]. They linked together either through synergy 

or in a trade-off manner. Land use is the platform that links ES supply and social demands in a 

given area [12]. ES supply ensures the continuous flow of myriads of ecosystem services [32], 

while ES social demand is related to the social beneficiaries [32-34]. However, mismanagement 

of land-use [35-37] and other factors such as population pressure have inevitably altered the 

structure as well as service delivery capacity of ecosystems at a different scale. As different 

scholars have witnessed [For instance; 9, 12, 38], LULC change can alter the normal flow of ES 

supply and social demand and made the relationship more complex. This complexity has made 

difficult to understand and become a challenge in optimizing sustainability, demanding more 

research to clarify these relationships [2, 9].  
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Smallholder farmers' well-being is affected by positive or negative relationships between ES 

supply and social demands. The negative relationships can be reconciled by application of 

sustainable land use management, which is required to minimize mismatch. Different 

frameworks have been proposed by different scholars that incorporate ES supply-side and 

demand-side such as ES and benefits framework, the ES delivery chain and a framework for 

assessing ES supply and social demand [39-41]. Moreover, indicators such as the supply-demand 

ratio and market approach were applied to find mismatches between ES supply and social 

demands  [9, 15]. The framework (Figure 3) that we proposed has linked ES supply, social 

demand and smallholder farmers' well-being by incorporating different approaches such as 

biophysical indicators, market approach and statistical analysis.  

 

Our result indicated that ES supplies were not found in accordance with the existing ES social 

demand in the study region. The imbalance has created ES supply-demand mismatches. Different 

factors are believed to be involved in disrupting the balance between ES supply and demand. 

Considering the ES supply side, the weak performance of ecosystem function could cause the 

mismatches [15]. For instance, in humid AEZ due to the high amount of rainfall, soil acidity was 

the main problem that inhibits crop yields, becoming the main factor in causing crop yield deficit 

and supply-demand mismatches.  Another example is, due to frequent ploughing and application 

of low soil input, the fertility of the soil in the humid AEZ was poor, and the size of cultivated 

land was also limited, which become the main cause for low yield of wheat, barley and teff 

crops. In these areas, a shortage of cultivated land is the main limiting factor for increased crop 

yields [28, 42, 43]. On the other hand, the dominant land-use types of humid AEZ is 

agroforestry,  which could not have sufficient place for cereal crop production, had played its 
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role in promoting mismatches between ES supply and demand in cereal crops. Similarly, in 

semi-arid AEZ, ES supply of cereal crop products was limited due to less amount of rainfall 

distribution, which become the main cause of mismatches in the region. Different studies have 

reached on similar results [43-46] indicating the minimum production of cereal crops in the study 

region.  

On the demand side, the higher society preference for ES supplies (wheat, barley and teff) could 

also cause mismatches between ES supply and social demand. The higher demand for ES supply 

may be related to increased population, land-use change or economic development. For instance, 

in the past three decades, human population of the study region was increased by 124.6% (humid 

AEZ) and 125.7% (semi-arid), causing a huge impact on the expansion of cultivated land and 

reduction of vegetation resource  (Figure 11). The increased population could be partially 

explained by the custom of polygamy and community resistance to family planning efforts made 

by the government [37, 42, 43, 46-49].  The continuous growth in the economic development of 

the country (Ethiopia) has increased the purchasing power of smallholder farmers, to some extent 

[50]. Given the limited ES supplies of cereal crops, the increased purchasing power has 

contributed to higher demand to be surfaced in the region. In response to increased social 

demand for cereal crops, increased number of agricultural investors (both private and 

government) have been seen especially in the semi-arid AEZ, which is the main driver of land-

use change of the area. The proclamation of the “agricultural Development-Led Industrialization 

(ADLI)” policy framework has further aggravated woodland and forestland conversion to 

cultivated land. This policy framwork has put other ES supplies under high pressure, which 

further aggravate the demand of the society for provisioning ES of the region [51].  
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In contrast to ES supply of cereal crop products,  ES supply of fruit and coffee were higher than 

social demands in humid AEZ. The supply of these goods surpasses the demand, indicating the 

relatively excess production in the area [44, 47], although it has uneven distribution throughout 

the year. In the humid AEZ, coffee was the primary source of cash, and the major part of the area 

has been covered by coffee [52, 53]. Since coffee is an international commodity and it is a major 

source of foreign currency, its production has been increasing over time. Much of the increase in 

coffee production in the current years has been due to an increase in cultivated area and attention 

given by the government. However, to what extent expansion of land for coffee production can 

continue remains a question. Hence, obtaining higher yield rates of coffee and other cereal crops 

remains a challenge of Ethiopia’s agricultural system and no exceptions for other East African 

countries. However, such excess supply remained  only for three to four months and the rest 

months had very limited/no production. This was happened due to less use of irrigation 

technology during the dry season. In addition to coffee production, fruit production (mango and 

avocado) was considered as supplementary product next to coffee in the humid AEZ. Such fruit 

produced predominantly in the agroforestry land-use mostly for own consumption and markets. 

The suitability of the climatic variables resulted in relatively stronger ES functions for the 

production of coffee and fruit trees in the area. However, in semi-arid AEZ, due to unsuitable 

climatic conditions for coffee and fruit production, supplies of these crops were very low that 

does not satisfy the social demands. To fill the gaps, much of these cereal crops have been 

purchased from other nearby areas where excess supply is available [46]. 

 

4.2 Linking ES supplies with smallholder farmers' well-being 

The analysis of our result indicated that smallholder farmers' well-being had a positive 

correlation with provisioning ES supply (cereal crops, fruit and coffee) and a negative correlation 
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with regulation services such as soil erosion rate. Different studies have shown similar results [1, 

12, 15, 20, 22, 32]. Moreover, as reported by [1], provisioning ES such as food production and 

human well-being have shown improvements. This was happened because human well-being is 

highly dependent on provisioning ecosystem services [1]. In contrast, the supply of most 

regulating services such as soil erosion control has been declined due to the expansion of 

cultivated land and the subsequent increases in deforestation. For instance, the observed 

mismatch on cereal crops in humid and semi-arid AEZs could directly influence smallholder 

farmers' well-being through food variation. On the other hand, due to less production of cereal 

crops (wheat, barley and teff), smallholder farmers of the region have been paying for those 

services in the markets. Thus, the mismatch could have an impact on the smallholder farmers' 

income, which is an essential indicator of smallholder farmers' well-being in the region. During 

our focus group discussion (FGD), smallholder farmers revealed that the mismatches between 

regulating ES supply and demand have a relatively had low impact on their well-being compared 

with mismatches of provisioning ES supply and demand.  

Both in humid and semi-arid AEZ, the smallholder farmers preference was higher for 

provisioning ES than regulating ES. However, it is impossible to neglect the maintenance role of 

regulating ES, because they underpin the production of provisioning ES [9], but in the long run 

have an impact of smallholder farmers' well-being [1, 9, 12]. Comparing agro-ecological zones, 

the regulating ES of humid AEZ was higher than semi-arid AEZ and smallholder farmers' well-

being too. This was due to the presence of agroforestry land-use type, which enables the 

continuous supply of another provisioning ES such as water, raw materials and root and tubers. 

Moreover, the indigenous knowledge that has been deep-rooted in the society has made the 
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inhabitants to have higher ecological predispositions and awareness, so they view regulating ES 

as more important for their life [47]. 

 

The weight of well-being indicators given by smallholder farmers was spatially varied across 

the study area. In humid AEZ, higher weight of well-being indicators was obtained relative to 

semi-arid AEZ. Smallholder farmers who live in humid AEZ practice sedentary agriculture. 

They also live near to urban areas,  and this has made the region to have advantage of location 

for experiencing urban life and helped them to improve their living condition.  Agroforestry 

land-use type has contributed in providing raw material inputs for making house, food (fruits and 

root and tubers) and improves water availability. Housing was considered as an essential item 

indicating the level of wealth smallholder farmers had in the local area. Smallholder farmers who 

have a house with corrugated iron sheet roof recognized by most people as they have better 

living conditions than smallholder farmers with grass roofs. However, in semi-arid AEZ, the 

weight of these well-being indicators was lower (except for income) than humid AEZ. For 

instance, farmers living in semi-arid AEZ mostly follow pastoralist living condition. Pastoralist 

community mostly have mobile houses made of wood, grasses and plastic sheets.  

4.3 Policy implications for sustainable ES and smallholder farmers' well-being  

Ecosystem services are essential components of smallholder farmers' well-being [15, 54]. It is 

essential to identify the link among ES supply, social demand and smallholder farmers' well-

being along with the changing LULC types, not only for the sake of scientific research but also 

for informing policymakers.  Acknowledging ES supply and social demand to gain the attention 

of policymakers and other stakeholders is important. Such demonstration must be considered in 

environmental and biodiversity policies that underpin sustainable management of ecosystems. 

Avoiding the supply-demand relationships from policy issues limits the integration of ES supply 
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and social demands into the policy-making processes [9, 55]. The supply-demand mismatch gap 

should be balanced or at least should be narrowed by policy instruments up to the stage that 

should not negatively affect the well-beings levels of smallholder farmers. This is because policy 

and land use planning decisions largely influence the way land is managed [56].  

 

Our ES assessment result can provide essential information to assist land users, policymakers or 

other practitioners to maintain ES and improve smallholder farmers' well-being. The policy 

instruments that prohibit ES degradation are essential, especially for the poor people who most 

directly depend on ecosystem services [55]. Up-to-date provisioning of information on the state 

and trend of ES help practitioners to devise relevant conservation strategies/policies to reduce ES 

degradation [12, 54, 55]. For instance, pressure from ever-increasing human activities has been 

imposing a massive impact on multiple ESs in the study region. These pressures on ESs are the 

result of unplanned land use and lack of integrated planning approach. For instance, for the sake 

of increasing cereal crop production in humid AEZ, a large area of forestland, wetland, grassland 

and woodland were converted to cultivated land without planning. The increased cereal crop 

production due to cultivated land expansion may persuade people to consider as an economically 

profitable practice. But, the cost incurred due to multiple ES loss may not be covered by 

economic gains of increased cereal crop production. Therefore, a policy option for intensifying 

cereal crop production should be highly relevant in the study area.  

Besides, soil conservation and watershed management policies should continue to be 

implemented.  Banning hillside ploughing, protecting wetlands from sediment siltation, irrigation 

water management in the semi-arid AEZ and cultivated land intensification should be supported 

with appropriate policy options. Policies that intervene at any part of the human-ES interaction 

are important.  
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Conclusion  

Our result indicated that the provisioning ES supply of the study area was not completely in 

accordance with the social demands for ES. ES supply-demand mismatches were observed both 

in humid and semi-arid AEZs. The source of the mismatch was emanated either from supply-side 

or from demand-side. The deficit of cereal crops was observed both in humid and semi-arid 

AEZs of the study region. The deficit was probably caused by increased demand due to the large 

population and less productivity. Excess supply of provisioning ES such as fruit products and 

coffee was observed in humid AEZ, but this excess supply remains only for limited months. In 

contrast, the deficit of fruit and coffee products was seen in semi-arid AEZ due to less 

production and unfavourable climatic condition of the region. Regulating ES supply such as soil 

erosion control was higher in humid AEZ due to the presence of agroforestry land-use type. But 

the risk of soil erosion was high due to the existing undulating topography and torrential rainfall, 

and hence, the social demand for soil erosion conservation was high in the area. The mismatches 

between provisioning ES supply and demand had a strong impact on smallholder farmers' well-

being. The Spearman's rank correlation showed that the smallholder farmers well-being has a 

positive correlation with provisioning ES supply in the study region.  

 

Smallholder farmers' well-being indicators and their level of well-being satisfaction were 

spatially varied between agro-ecological zones. Income has received the highest weight as an 

indicator for smallholder farmers' well-being both in humid and semi-arid AEZs. The subjective 

satisfaction level of smallholder farmers for relations among neighbour and family members was 

higher both in humid and semi-arid AEZs. Managing regulating ES such as soil erosion control 

improves the provisioning ES supplies and helps to satisfy society demands. Unfortunately, 
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many, if not most smallholder farmers consider these regulating ES supplies as of free and 

valueless with no economic values. Smallholder farmers may not pay directly for the decline of 

regulating ES supplies but pay for their loss and impacts on provisioning ES supplies and well-

being. Therefore, we suggest policies like controlling population growth, applying intensive 

cereal crop production and strengthening integrated watershed management in the study region.  
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Figures

Figure 1

Map of the study region. A: Study area map, B: Map of Ethiopia, C: Neighborhood of the study area. Note:
The designations employed and the presentation of the material on this map do not imply the expression
of any opinion whatsoever on the part of Research Square concerning the legal status of any country,
territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This
map has been provided by the authors.



Figure 2

The framework to link ES supply, social demand and smallholder farmers' wellbeing in contrasting agro-
ecological zone of the study region. (Adapted from Wei [9]



Figure 3

Spatial distribution of provisioning goods supply, social demands and their mismatches in humid and
semi-arid agro-ecological zones (AEZ). Note: The designations employed and the presentation of the
material on this map do not imply the expression of any opinion whatsoever on the part of Research
Square concerning the legal status of any country, territory, city or area or of its authorities, or concerning
the delimitation of its frontiers or boundaries. This map has been provided by the authors.



Figure 4

The spatial distribution of ES supply, demand and their mismatches of coffee, mango and avocado in
humid and semi-arid agro-ecological zones (AEZ). Note: The designations employed and the presentation
of the material on this map do not imply the expression of any opinion whatsoever on the part of
Research Square concerning the legal status of any country, territory, city or area or of its authorities, or
concerning the delimitation of its frontiers or boundaries. This map has been provided by the authors.



Figure 5

Social perception of the provisioning ecosystem goods of the study region

Figure 6



Spatial distribution of soil loss (t/ha/years). Note: The designations employed and the presentation of
the material on this map do not imply the expression of any opinion whatsoever on the part of Research
Square concerning the legal status of any country, territory, city or area or of its authorities, or concerning
the delimitation of its frontiers or boundaries. This map has been provided by the authors.

Figure 7

Annual estimated value of soil erosion control (ESVf in million US$ year−1) under different reference
years and their changes (1988 to 2018) in the study region.



Figure 8

Number of smallholder farmers participated in soil erosion control practices. Source: agricultural o�ce at
kebele level.



Figure 9

The weights of smallholder farmers’ wellbeing indicators and subjective wellbeing satisfaction level of
the study region. Note: INC: Income; HO: Housing; FC: Food consumption; WC: Water consumption; TR:
Transportation; PH: Physical health; MH: Mental health; PS: Public security; NH: Natural hazard; RAN:
Relationship among neighbour and RAFM: Relationship among family members.



Figure 10

Radar diagrams that show the relationships between ES and smallholder farmers' wellbeing in humid and
semi-arid AEZ. Note: The designations employed and the presentation of the material on this map do not
imply the expression of any opinion whatsoever on the part of Research Square concerning the legal
status of any country, territory, city or area or of its authorities, or concerning the delimitation of its
frontiers or boundaries. This map has been provided by the authors.



Figure 11

Number of population, vegetation covers (ha), and cultivated land (ha) of humid and semi-arid agro-
ecological zones.
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