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Executive summary 

Following two years of combat, blockade, and power outage, the Tigray war in northern Ethiopia has 

had a substantial negative impact on the environment (2020–2022). This photographic dataset, part 

of a rare study carried out by the same research team before and after a war, compares 26-year legacy 

data on land degradation (Table 1), with post-war observations at 56 sites in the Dogu'a Tembien 

district of Tigray (13°39'N, 39°30'E), at elevations ranging from 1600 to 2800 meters. 

 

Location of study sites. Coordinates of map corners: (13.722°N, 39.095°E), (13.482°N, 39.391°E) 

 

Land conservation and the Tigray War 

Large-scale land conservation initiatives have been made in the study region since the 1980s, which is 

why the people of Tigray received the UN-backed World Future Policy Gold Award (Desertification) in 

2017 [1]. 

Then came the Tigray war, which began on November 4, 2020, and formally ended on November 2, 

2022, when the Cessation of Hostilities Agreement was signed. In the first part of 2021, armed troops 

from the federal government of Ethiopia, the adjacent Amhara region, and Eritrea advanced heavily 

into Tigray, engaging in combat with the forces of the Tigray regional government. After that, the region 

was under a 360-degree blockade, cutting off trade, aid, travel, banking, and connection with the 

outside world. This blockade lasted until the end of 2022.  

The war included major battles in the study area, and massacres resulting in 70–110 civilian deaths, 

and the shelling of the Togogwa market with at least 64 deaths [2]. The agricultural system was directly 

impacted by the prohibition against plowing until then end of June 2021, and the scarcity of 

commercial fertilizers and seeds [3]. Market activity almost stopped [4, 5]. A severe state of hunger 

was brought on by a decrease in food production and availability [6, 7]. 
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Land deterioration resulted from the cessation of official land restoration efforts and the 

overexploitation of the environment by the occupants and troops for survival. The cessation of public 

services, such as power for houses and businesses, led to a rise in the need for firewood and charcoal, 

which in turn caused deforestation [3, 8, 9]. 

It is crucial to note that there was no drought during the Tigray War era. In Dogu'a Tembien, the years 

2017 to 2022 (shortly before and during the war) all saw yearly rainfall in the range of 750–850 mm, 

which is on the higher end of the historical record. Seasonality-wise, rainfall in nearly every month 

from 2019 to 2022 was at or above average. May 2022, when the spring rains failed, is the primary 

anomaly. Therefore, a meteorological factor (a lack of rain) cannot be the source of the environmental 

stress of 2021 and 2022. However, invasive species like Salvia tiliifolia have found an ecological niche 

due to long-term trends of rising temperatures and increased precipitation (Figure 9). 

 

Methodology 

With 30 years of environmental research experience in Tigray, we remained as a lone research team 

after the start of the war and collected ground data at previous research sites during the war. This 

culminated in international partners returning to the Dogu'a Tembien district in 2023 after they had 

been absent for four years due to coronavirus restrictions and the Tigray War. We visited 56 previously 

investigated sites—which have been documented in 45 prior publications—through transect walks, 

where we mostly made qualitative observations and discussions regarding the processes of land 

degradation and recovery (Table 1). This included degradation processes like sheet and rill erosion [10], 

gully erosion [11], landslides [12, 13], deforestation [14], as well as the most common rehabilitation 

approaches, i.e. stone bunds [15], check dams [16], exclosures [17], improved hydrological cycle [18], 

and integrated catchment management [19]. Local farmers and other village residents, along with 

experts who either reside in or have a good understanding of the research area, participated in the 

group observations. 

We particularly looked into the condition of the stone bunds in 31 areas, in which they were 

categorized into five different categories: perfect, acceptable, requiring minor maintenance, needing 

significant maintenance, or necessitating complete rebuilding. 

The qualitative observations were supported by previous research employing remote sensing studies 

conducted during the Tigray War and collaborative field campaigns with Mekelle University 

geographers, which is located around 50 km from the subject area [3, 5, 8, 20]. 

 

Preliminary findings  

The dataset demonstrates that, in contrast to the warfare and environmental devastation that 

occurred in Tigray in the 1980s, simple soil conservation measures like stone bunds (Figures 13 to 16, 

Table 2), check dams (Figures 25 to 27) , and forest preservation (Figures 4 to 8) have since proven to 

be an essential barrier against the effects of the armed conflict.  

On the other hand, the battlefields and downriver banks have undergone notable geomorphic 

modifications (Figures 17 and 18). The land resilience that has been observed can be attributed to a 

strong feeling of community, self-reliance, and a long history of land management. Our qualitative 

findings indicate a wealth of opportunities for further investigation.  
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Besides the mentioned positives, a drawback is the easy resurgence of open access to communal land 

(“tragedy of the commons”) (Figures 1 to 3). The situation is even much worse in other districts 

surrounding towns like Shire where a total of one million internally displaced people live, or where 

Amhara and Eritrean military are occupying them, and where extensive fuelwood collection continues 

to occur [8]. 

 

Key words: exclosure; farmer-led irrigation; gully; land rehabilitation; soil erosion; stone bunds 
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Overview of observed sites and photographic dataset 

Table 1. Study sites from previous research revisited in October 2023-January 2024 

Name Latitude 
(°N) 

Longitude 
(°E) 

2023 observations on Photo number; 
references of 
earlier studies on 
related topic at the 
same site 

Gra Arho 
plantation 

13.65016 39.17661 Salvia tiliifolia invasion; massive 
eucalypt harvesting 

8, 9 [21] 

Gra Arho village 13.65016 39.18101 Effects of village expansion on 
runoff: innovative irrigation 

21, 33 [22-24] 

Harena torrent 13.64801  39.17923 Gully control measures; log dams 27 [21, 25] 

Gra Arho spring 13.65007 39.18310 Spring development project 29 [26] 

Footpath Gra 
Arho to Golab 

13.64867 39.18429 Concentrated runoff 21 [21, 22] 

Golab 13.64866 39.18536 Rangeland degradation; stone 
bunds; surface runoff 

22 [22-24, 27] 

Golab 13.64839 39.18650 Gully development [21, 23, 28] 

Argaqa 13.64686 39.19238 Stone bunds, gully erosion 16 [18, 21-24, 28-
33] 

May Shewate 13.64507 39.19481 Gully bottom irrigaton; stone 
bunds 

[18, 30, 34, 35] 

Habdi Luqmuts 13.63855 39.20118 Well managed community forest 6 [10, 29, 32, 36, 
37] 

Hechi (Shikha) 13.63964 39.20156 Stone bunds [10, 31, 32] 

Hechi (Ba’ikhel) 13.64117 39.21188 Traditional agroforestry; stone 
bunds 

[29, 32, 36, 38] 

Igri Mullow 13.64714 39.20486 Exclosure management 38 [39, 40] 

Hagere Selam 
sand dam 

13.64466 39.16949 Runoff buffering 25 [21] 

Addi Selam 13.64251 39.16700 Gully stabilization 26 [21, 23, 29, 37] 

Mehati Lahma 13.63659 39.15703 Forest remnant, Eucalypt 
plantation 

12 [41] 

May Sa’iri 13.64078 39.14118 Vegetable gardens 37 [42] 

Addi Qolqwal 13.65032 39.20176 Rill erosion due to cropland 
expansion on steep slope; Salvia 
tiliifolia 

19 [37, 43] 

West of Addi 
Qolqwal 

13.65168 39.19736 Stone bunds 13 [18, 24, 30-32] 

May Toqem 
(Addi Qolqwal) 

13.65349 39.19492 Exclosure management; failed 
water project 

[18, 30-32, 35] 

May Ntebteb 
exclosure 

13.65316 39.19187 Exclosure management, tree 
cutting, grazing, landslide 

1 [13, 18, 30-32] 

Zenaqo  13.65422 39.19130 Springs and irrigation [18, 32-35] 

Gra Mehaber 13.65648 39.19703 Stone bunds 14 [10, 30-32, 44] 

Hagere Selam 13.65176 39.17400 Proposed geotourism office [45] 

Imba Zuw’ala  13.65584 39.17805 Eucalypt harvesting, grazing 10, 11 [46] 

Ziban Kerkata 13.66115 39.18155 Stone bunds [22] 

Khunale  13.66332 39.18478 Exclosure management, tree 
cutting, grazing 

2 [40, 47, 48] 
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Harhar 13.65771 39.18754 Gully erosion at battlefield [28, 49] 

Maltmasha 13.63030 39.17145 New settlement, enhanced 
drainage, eucalypt plantation 
with trenches for water 
harvesting 

23 [50] 

May Zahla 
exotic tree 
experimental 
site 

13.63030 39.17145 Tree cutting, grazing 3 [24] 

May Zahla 
nursery and 
orchard 

13.62516 39.17145 Apple tree management 34 [51] 

Rubadera 13.62784 39.17539 Hand pump; diversions for 
irrigation 

30 [50] 

Dingilet 
homestead 
gardens 

13.63017 39.17863 Vegetable growing; apple tree 
reproduction 

35, 36 [50] 

Dingilet Kwiha 13.62843 39.18052 Gully erosion [28] 

Dingilet private 
eucalypt 
plantations 

13.63209 39.17965 (absence of) eucalypt harvesting [50] 

May Mehtsab 13.63289 39.17989 Diversion canal for irrigation [24] 

Dingilet road 
incision 

13.63100 39.17608 Gully development 24 [21] 

Harena 13.64288 39.18502 Stone bunds 15 [24] 

Debremedhanit 
(Itay Sara) 

13.71485 39.14688 Exclosure management 7 [42] 

Afedena 13.67565 39.27087 Battlefield geomorphology; 
farmland expansion 

17, 20 [16, 52]   

Tukhul gully 13.64727 39.31317 Gully expansion 17 [53] 

Agerba 13.61556 39.15054 Eucalypt plantation, gully erosion [28] 

Wunana 13.71545 39.22179 Irrigation development 31 [42] 

Addi Lihtsi 13.49389 39.22819 Dry forest dominated by incense 
trees 

[54] 

Togogwa 13.56190 39.31660 Status of exclosures [42] 

Kolal 13.53985 39.35079 Status of exclosures [42] 

Addi Qolqwal  13.65629 39.20934 Stone bunds, gully development 18 [16, 55] 

Addi Qolqwal 
exclosure 

13.65482 39.21544 Exclosure management 4 [39] 

May Bi’ati 13.65334 39.21976 Gully rehabilitation, irrigation 32 [46, 56, 57] 

Gemgema  13.66255 39.24512 Vegetation status, Salvia tiliifolia [42] 

Addi Qoylo 13.67569 39.24645 Road erosion, overgrazing, 
exclosure management 

5 [22, 28, 58] 

Mashih 13.59520 39.14977 Stone bunds [24] 

May Toqem 
(Mezegat) 

13.59327 39.14389 Spring development project 28 [59] 

Seret 13.58755 39.13319 Forest management [60] 

Inda Maryam 
vertisols 

13.58664 39.12272 Overgrazing [61] 
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Photographic data set 

Woody vegetation 

   

Figure 1. A conspicuous myrtle tree (Myrica salicifolia) at the upper edge of the May Ntebteb exclosure. 

At left, hosting the participants of the international HighLand2006 scientific conference [62, 63] (photo 

© Neil Munro); at right, its major branches were harvested by individuals in 2021 – a saw was used at 

night, so that cutting was silent, in contrast to the commonly used axe (photo in October 2023). 

 

 

Figure 2. In the Khunale exclosure [40, 47, 48], many trees have disappeared, particularly at its western 

side, closest to the village (foreground of the photo, at the foot of the cliff). The cutting started with 

the war. There was lawlessness and people went into the exclosure to cut trees, indigenous trees as 

well as eucalypts. The cutting stopped around the time of Cessation of Hostilities Agreement in 

November 2022. There is poor regrowth of the trees, because this exclosure remained open for 

grazing. Photo in November 2023. 
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Figure 3. The experimental tree plantation of Dingilet, from which the villagers do not directly benefit) 

has been largely depleted from its trees (various eucalypt species, peppertrees, mulberry, moringa, …) 

and grazed short, whereas the adjacent apple tree nursery had been well preserved throughout the 

war (Figure 34). Both sites depend on the local branch of the Bureau of Agriculture, and between the 

end of 2020 up to end of 2023 no staff visited the site. Photo in October 2023. 
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Figure 4. In Addi Qolqwal’s exclosure (left part of the photo, taken in November 2023) there has been 

some wood chopping, but probably not worse than before the war. Some branches were cut from 

eucalypts, but this tree is typically grown to provide wood. Saplings of Dodonaea angustifolia had 

emerged, and remarkably, the gully at the edge of the exclosure is well controlled by check dams and 

the woody vegetation that has grown in it since twenty years [39]. 
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Figure 5. Along the rural road to Addi Qoylo gullies have occurred due to a lack of road maintenance 

since 2020 (left, looking upslope). The runoff path then leaves the road and enters into an exclosure 

managed by the “Trees For Farmers” [64] project (right, looking downslope). Though no salaries or 

payments were received during the war, the guards have continued protecting it and the exclosure 

stands nicely. The exclosure totally buffered the runoff coming from the road and the gully is 

discontinued and sediment is deposited. Photographs taken in November 2023. 

 

Figure 6. The Habdi Luqmuts forest in Hech’i [30, 32] remained in a good shape throughout the war 

period, as observed in October 2023. Farmers reported that during that difficult time they did not cut 

wood from their forests or exclosures, or from other trees far away from the village: “We all have trees 

on our farmland boundaries and when we need wood, we cut it from there”. They also said that they 

are located too far from Mekelle or even Hagere Selam to organize charcoal trade, like Togogwa did 

for instance.  
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Figure 8. In the Debremedhanit (Itay Sara) exclosure, managed by the EthioTrees project [65], no wood 

harvesting or grazing occurred in 2020-2022. In 2022, during and despite the blockade of Tigray, the 

villagers of Tsili, to which the exclosure belongs, received 1 M ETB as carbon offset payment, that was 

shared between 589 households. As the communities directly benefit from keeping their exclosures 

intact through payments for carbon certificates, there are fines for anybody who cuts trees illegally. 

This rule was maintained throughout the war. Also, adjacent exclosures have been well kept, as 

villagers hope that these will be included in the carbon project in the future.  Photo taken in January 

2024. 
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Figure 8. In the Gra Arho eucalypt plantation, which is at the edge of Hagere Selam town, many trees 

have been cut in 2021 and 2022. Many people were without income, so those who could sell wood 

had money to survive. There was almost no electricity at that time and firewood fetched good prices. 

The dominant dry brown herbs are a new invasive weed, Salvia tiliifolia (see Figure 9). Photo taken in 

October 2023. 
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Figure 9. Since approx. 2019, Salvia tiliifolia has appeared in the study area, where it now occupies 

large areas, especially where soil is reworked, such as dumped soils, roadsides (here in Hagere Selam, 

along the old road to Mekelle, September 2024), building sites, but also in eucalypt plantations that 

were opened up due to war-related wood harvesting (Figure 8), and further down in fresh alluvium 

along rivers. The species is not toxic, but according to the farmers useless, and it occupies space. There 

is no local name for the plant, just “new weed”. On well-managed farmlands, one will generally not 

observe this weed because the farmers remove it very easily: easy to identify, easy to pick out. S. 

tiliifolia is now the main weed; it grows rapidly and even suppresses the other weeds. Native to Central 

America, it is a recent exotic invasive species in Ethiopia, first described in Ethiopia in 1996 [66]. It is 

now quite widespread over the Ethiopian highlands [67]. Its expansion into Dogu’a Tembien is 

relatively late. The wetter conditions in recent years (and even in the last decades), jointly with slowly 

increasing temperatures, may have contributed to the creation of a niche for the species, in line with 

observations of natural vegetation and crop belts that shift up the mountains in northern Ethiopia [68, 

69].  The extent to which multiple traffic and war disturbances may have contributed to this spread is 

unknown.  
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Figure 10. Since 2023, it is not allowed anymore to cut trees from the eucalypt plantations. Special 

permission is however given to TDF soldiers (Tigray Defense Forces), who get insufficient logistics and 

hence obtain permission from district officials to harvest trees for firewood, here on the slopes of Imba 

Zuw’ala (November 2023).  
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Figure 11. The Imba Zuw’ala eucalypt plantation was established around 2000, on communal lands 

that had been expropriated and transferred to the Maychew Particleboard Factory [70], yet claimed 

by the community. Many trees were harvested in this plantation during the war. There is coppicing on 

all stools, which indicates that after some years, the eucalypt tree cover will be strong again. Drawback 

is however the free grazing in such places; especially goats browse young Eucalyptus leaves in periods 

of pasture scarcity and damage the coppicing trees [71], which hampers regrowth. In addition, the 

undergrowth, which is typically very poor under eucalypts, is further removed, and this leads to a 

stronger runoff response and erosion, and less infiltration. Photo in October 2023. 
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Figure 12. In the greenish Mehati Lahma gorge [41], the eucalypts have not been cut, in contrast to 

Gra Arho, or those along the main road. Whenever eucalyptus trees were cut for provisioning of 

armies, or for organized trade, it occurred in areas that are easily accessible, near towns, military 

camps or along roadsides. Photo in October 2023. 
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Stone bunds for soil and water conservation 
 

 

Figure 13. Near Addi Qolqwal, almost all stone bunds stand in October 2023 as they were standing 

before the war [18, 30]. At several places we saw that farmers have maintained their stone bunds.  
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Figure 14. At Gra Mehaber, no overall collapse of the two-decades old stone bunds [10, 30-32, 44] was 

observed in October 2023. There are some small parts of stone bunds that have collapsed, even though 

no runoff had flown through it. The farmers’ attitude is that they will wait whether the community 

comes to this area in the dry season and repairs it as part of the regular catchment management works, 

if not he will repair it himself by June, at sowing time (left).  Another farmer showed a new stone bund 

that he constructed on his land, as he could not find off-farm employment at slack time and yet wanted 

to occupy his time usefully (right).  

 

Figure 15. By october 2023, the stone bund landscape in the farmlands of Harena does not show 

evidence of any destroyed stone bunds, neither the existence of drainage lines induced by weaknesses 

in the bunds. The farmers have repaired any damage that may have occurred to these bunds near their 

village.  
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Figure 16. In the Argaqa area, all stone bunds, constructed in the years after 2000 [22, 23], were intact 

in October 2023. Overall, among the representative sample of 31 observed stone bunds (Table 2), 25 

are in acceptable to perfect condition, four have collapsed in their upper part without generating 

concentrated runoff and two need rebuilding. Bunds built from limestone and sandstone are 

particularly in good condition (Figures 13 and 16), while those built from basalt require much more 

maintenance (four out of nine observed), which is clearly related to the irregular, often spherical shape 

of the rocks (Figure 14). 

 

Table 2. Status of stone bunds in representative areas of Dogu’a Tembien in October-November 2023 

Land use Rock type 
used to 
build the 
stone bunds 

Number of stone 
bunds observed 

Status 

Acceptable 
to perfect 

Small 
maintenance 
needed 

Large 
maintenance 
or rebuilding 
needed 

Cropland Basalt 9 5 3 1 

Cropland Sandstone 
or 
limestone 

17 16 0 1 

Exclosure 5 4 1 0 

TOTAL  31 25 4 2 

Note: exclosures in basalt areas are extremely rare, hence not included in the sample. Soils on volcanic 

rock are fertile, and even steep slopes are tilled or otherwise turned into eucalypt plantations. 

 



21 
 

 

Geomorphic effects of battlefields 
 

 

 

 
 

Figure 17. The large Afedena exclosure [16, 52] and its surroundings were heavily affected by the three-

day Ala’isa battle in late 2020, where Ethiopian and Eritrean forces jointly took on the Tigray forces 

[72], with, in addition to numerous battlefield deaths, a lasting environmental impact. Upper left: a 

long defence trench off-contour has become a rapid drainage line. Locally, the vegetation has been 

largely depleted. Note the bullet casings on the left rock, collected in just a few minutes. Lower left: 

rocks were massively taken from physical conservation structures (stone bunds) to establish combat 

positions. As a consequence, at right, some 7 km downstream, one of the two large checkdams for 

gully stabilization near Tukhul [53] that were destroyed by floods in 2021 with the accumulated 

sediment behind it largely washed out in 2021, 2022 and 2023. We attribute this to the strongly 

enhanced hydrological connectivy in the battlefield, that occupied most of the catchment. Note that 

even before the war, the check dams were in a critical situation, mainly because the catchment had 

been insufficiently protected, while check dams were already built across the river in the lower part of 

the catchment. The battlefield-related degradation in the catchment led to a stronger runoff response, 

and the check dams were washed out. Left side photos in January 2023, right hand in May 2023. 
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Figure 18. In Addi Qolqwal, just down from the main road, a new gully has formed. One reason are 

dumps from earlier road works that have narrowed the flood path. An additional cause for gullying is 

that stone bunds collapsed in the upper part of the gully catchment, just under the ridge, due to 

intense warfare. There, TDF had established an earthen antitank wall, where the Ethiopian and Eritrean 

armies and their tanks were blocked for a day or so. A lot of artillery was shot back and forth. Further 

down (lower photo), at a weak point in the landscape given the presence of vertic soil material [16, 

55], the existing gully was expanded and in 2021 the floods bypassed two large check dams. Upper 

photo in October 2023, lower photo in May 2023.  
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Farmland expansion 
 

 

Figure 19. A lynchet slope in Addi Qolqwal, previously under grass [43], was turned into farmland 

during the war period. Some rills may be discerned. Photo in October 2023. 
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Figure 20. At Afedena, communal rangeland has been quietly privatized by adjacent farmers; they tilled 

the soil gradually by hoe to evade the notice by other villagers (January 2023). Later on, during 

plowing, they integrated the targeted areas into their cropland and uprooted the shrubs that stood in 

the way. Facing hardship, and in the near absence of authorities, several farmers have expanded their 

farmlands in such a way at the expense of adjacent communal lands. 
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Peri-urban drainage 
 

 

Figure 21. Effects of peri-urban drainage in the Gra Arho village: at left, many of the rocks that had 

been brought there in the few years before the war to pave a footpath have been dug out to strengthen 

the fences of the homesteads. This resulted in a narrow, incised footpath that channels rapid runoff. 

To the right, downslope from the village, the enhanced drainage from Gra Arho led to strong increase 

in gully erosion. Until 2000, there were no homesteads at all in this area. Photos in October 2023. 
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Figure 22. At Golab, the runoff and sediment that originate on this hillslope flood farmlands – see 

gravel deposits on the terraced farmland (foreground), and a stone barrage at right that the farmer 

made to keep the flood and its deposits out of the rest of his cropland. We investigated this hillslope 

in 1999-2001, when the land cover conditions were fairly the same [27]. In the following years, 

vegetation had regrown a little, and the slanted footpath that comes from the right was a bit better 

managed. Human interventions brought the landscape back to a situation unseen in the last 20 years. 

Grazing pressure on the slope has increased again (photo in October 2023), and, especially, a new 

settlement was established on the top of this structural flat after 2016, where people try to evacuate 

the runoff water rapidly. That runoff is then directed towards the footpath. 
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Figure 23. At the edge of Hagere Selam, in Maltmasha (which belongs to the adjacent village of 

Dingilet), a new settlement has come into existence, where the farmers have used their farmland to 

establish houses; the most recently established homesteads were constructed during the lawless 

period. Photo in October 2023. 

 

Figure 24. Downslope from Maltmasha, the road from Dingilet to Hagere Selam is affected by gully 

incision (left), which originated in 2021. The footpath that runs in the thalweg on the upper side serves 

as a waterway during storms [50]; it is equipped with steps and check dams at regular intervals, which 

were not destroyed, while the floods have simply cascaded over it (right). The increased storm runoff 

comes in response to the establishment of the new settlement at Maltmasha. The conflict of interest 

is that from a management point of view the footpaths should not concentrate the runoff, yet in the 

village and immediately downslope, dwellers and farmers just want the footpath to concentrate the 

runoff and evacuate storm water as fast as possible with gullying as a consequence in downstream 

areas. Such situations are already difficult to manage in peace times, but during the war the 

community was less organized and the remaining regional and village authorities did not at all focus 

on spatial planning. Photos in October 2023. 
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Gully rehabilitation schemes 
 

 

Figure 25. In a gorge at the southern side of Hagere Selam a large flood buffer dam had been 

constructed that got rapidly filled with coarse sediment [42], which reduced peak flows and enhanced 

infiltration. In the downstream area, around 1999, very active gullying occurred (Figure 26). After 

construction of the dam, soil conservation works and abandonment of free grazing, the gully 

downstream has become a linear oasis; in October 2023, there were quite some locations in the 

previous gully channel with ponding water. There is good grass growth, and also good discharge in the 

river downstream. 
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Figure 26. The Addi Selam gully that drains the southern part of Hagere Selam, (at left, July 1999) at 

the start of conservation works [21] and (at right, October 2023) after full implementation of 

conservation that withstood the effects of urban expansion and Tigray war. Note the strong vegetation 

growth in the gully and on the hillslopes at the back. The town extends on top of these hills. The dark 

green color of the grassy vegetation is related to the slow percolation of nutrient-rich water from the 

town. 

 

 

1999 2023 
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Figure 27. In the Harena torrent, that drains Hagere Selam to the east, the log dams (constructed in 

2011) [25] have some of their woods rotten away, but the clusters of large rocks behind them are 

standing strong, which leads to storm runoff that is better spread over time. The technique in itself has 

proven its cost effectiveness, but this is also related to the fact that the gully upstream from those 

check dams has been fully treated with gabion check dams. And more upstream, a large gravel dam 

buffers floods. There has been a maintenance campaign in places where it started to collapse – that 

was before the war. Inside and along the gully the vegetation is regrowing. The amount of garbage in 

the deposits is unprecedented and related to absence of waste collection in Hagere Selam during war 

and blockade. 
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Spring water for domestic use and irrigation 
 

 

Figure 28. A dysfunctional spring development in May Toqem in November 2023. There had been 

several spring developments there, and the Selam Watsani project [59] built the latest chamber and 

taps in 2012. The taps are not working anymore, the cattle trough below it is not operational either; 

the water is taken directly from the overflow of the storage tank and people use it there both for 

livestock and domestic consumption. Already before the war it was common to see such dysfunctional 

or abandoned spring development projects. Additional impacts by the war and the lawless period are 

diverse and shown below. 
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Figure 29. A spring development project, installed by the May Zegzeg project [26], which transfers the 

spring water from Gra Arho down to the larger Harena village; it was disrupted during the war period. 

The project had been poorly conceived because it redirected the water from a natural spring in the 

Gra Arho hamlet to the large Harena village down, leaving the upland people bereft of their spring. 

During the war, there was lawlessness, and some people of Gra Arho broke the pipe, so their hamlet 

now again has access to water. Photo in October 2023. 
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Figure 30. In October 2023, the hand pump at Rubadera in Dingilet is working. It had not interrupted 

during or after the war. In this village, there are five hand pumps that are operational and that 

remained operational throughout the war. The water committees in this village are active in protecting 

the hand pumps and are also repairing them when needed. Before the war, there had been so many 

problems with hand pumps in general that necessitated repeated visits by experts of the Bureau of 

Water Resources. Now, the community was on its own, and the handpumps have been functioning for 

three years.  
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Figure 31. Bird’s eye view of the Wunana valley bottom gully area [42], looking upstream (Google Earth, 

April 2023). Here, no successful rehabilitation had been implemented earlier on; the farmers 

transformed their adjacent farmlands into irrigated gardens, using water from the Abune Ayzgi spring. 

They started irrigating in 2018, but the irrigation activities really took off during the war; some 11 ha 

are now producing two harvests a year. With war and blockade, many irrigation perimeters were 

expanded. Wherever (seasonal) springs are available, small-scale irrigation has appeared, using gravity, 

treadle or motor pumps to irrigate land in valley bottoms or private gardens. All these farmer-led 

irrigation activities [73-76] and expansions were done without any intervention of agricultural experts. 

Spring discharge was good during the war period, due to sufficient rainfall; yet, interviewed farmers 

mention two reasons for the expansion of irrigation during the war period: (1) absence of off-farm job 

opportunities, so the next best option was considered to work on one’s own land during the slack 

season, and (2) increased demand for local vegetables in the towns, as no vegetables could be 

imported from elsewhere in the country during the war. 
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Figure 32. The previous May Bi’ati gully where subsurface dams were installed in 2011 [56] has become 

a linear oasis, as observed in November 2023. The works led to a near-total fill of the gully (in the 

middle of the photo) and a raised water table; in the war period, ten farmers have done the effort to 

irrigate the rehabilitated gully bottom and adjacent lands.  

 

 

   

Figure 33. At Gra Arho, an innovative farmer used a treadle pump to take water from an ephemeral 

river (that runs for one or two months after the end of the rainy season – right photo) through a 

makeshift irrigation canal (central photo) to a plot they irrigated for growing garlic (left photo). At the 

end of the rainy season, in September, there were no irrigation activities in their main irrigated lands 

down in the valley, so they could bring their treadle pump to the uplands for supplementary irrigation. 

As the river has fallen dry (photos in October 2023), the farmer will irrigate one more time, bringing 

water from the Gra Arho spring (Figure 29) by his donkey. 
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Figure 34. Throughout the war and blockade, the May Zahla apple tree nursery [51] has remained well 

fenced and guarded by the people of Dingilet. Grasses on the nursery site were harvested and sold by 

bidding, as an income so that guarding could continue. There has been no harrowing around the apple 

trees, no pruning, and the trees were watered only once in three years. Hundreds of apple trees were 

growing in October 2023, generally with small leaves. A few apple trees perished in the upper area 

where it is driest. May Zahla is a naturally moist place, so that apple trees could survive. Also, the 

rootstock reproduction site was in good shape, so trees could be harvested after the nursery restarts, 

and sold again to the farmers. There was no evidence of wood harvesting or grazing in the nursery. It 

was well protected, though not managed, as there were no salaries. People know the benefit of this 

nursery for their income and for their village. With committed coordination and manual labour, the 

nursery can be restarted rapidly.  
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Figure 35. In the village of Dingilet, irrigated vegetable production has continued at many homesteads 

throughout the war period (November 2023). 
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Figure 36. Several farmers in Dingilet have an apple tree production site in their garden, which is part 

of a project jointly with the nursery. The nursery activities had stopped but the young trees have 

continued growing in their garden. People from as far as Aksum now come straight to Dingilet to 

purchase young, grafted apple trees. One reason is that the highly subsidized import of seedlings from 

Chencha (South Ethiopia) was disrupted by the war, and apple trees can only be purchased locally, at 

market conditions. Photo in October 2023. 

  

Figure 37. In May Sa’iri, the Shafa Hambar spring (located at the upper right of the left photo) is 

channeled to many homesteads by a 600 m long cemented canal. Among several irrigated gardens, 

there is a larger private cooperative vegetable garden (at left, October 2023) in which three relatives 

grow garlic, tomato, Swiss chard and green pepper (at right, February 2024). By habit, the farmers 

expect the government to provide seeds for irrigated vegetables. During the war period, some farmers 

were producing garlic seed which they sold to other farmers at the price of 180 ETB for a “cup” of 

standardized dimension (i.e. the lid of a jerrycan, 0.055 L). Farmers often multiply carrot seeds 

themselves. Tomato, chard and green pepper seeds are bought at approx. 70 birr per cup.  The 

cooperative garden continued its activities throughout the war period, because it was deemed a safe 

place, away from roads.  
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Summarizing photograph: an example of land resilience 
 

 

Figure 38. Landscape on limestone at Igri Mullow in October 2023. Stone bunds were established along 

the contour some 20 years ago and are intact; patches with shallow soils are communal land part of 

the Igri Mullow exclosure [39, 40], where no wood harvesting occurred during the war. At the centre 

of the photo, the village of Hech’i with traditional agroforestry on farm boundaries [77]. According to 

the local farmers, “you have to grow trees on your own farmland boundaries if you wish to cope with 

the shortage of firewood”.  
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