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1. Background to National Erosion Control Mapping

Soil erosion is the most serious environmental problem in many catchments areas in Rwanda. The main factors
affecting the amount of soil eroded include land use and vegetation cover, topography, soil and climate. In order
to identify area of potential soil erosion risks and to develop adequate erosion prevention measures for
Rwanda, a National erosion risk map was generated and validated in July 2018 based on a methodology known
as “Catchment Restoration Opportunity Mapping (CROM)” - a spatial model developed by the government
through the then Water for growth Rwanda (W4GR) under the former Rwanda Water and Forestry Authority
(RWFA). The CROM model identified six erosion risk classes, namely: (1) No risk, (2) Low risk, (3) Moderate
risk, (4) high risk zones, (5) very high risk and (6) the extremely high risk zones of erosion.

The erosion risk map shows only the potential soil erosion risk, but fails to show areas already protected against
erosion or erosive features proofing the risk. This information gap makes it hard for the government to track
the progress made to fight against erosion. Moreover, the plan for the future interventions becomes difficult
because the erosion risk map shows only the potential risks while districts need to know where exactly the
problem lies and is the appropriate measures to combat soil loss taking into account different land uses. Hence,
to make the soil erosion risk map more informative and useful — for multi-scale planning and the decision making
process for sustainable management of land and water resources - it was deemed essential to take the erosion
risk map into a ground truthing process using most recent World View images available at National Institute of
Statistics of Rwanda (NSIR). Using World View images with a resolution of 30 cm to 50 cm and applying visual
image interpretation techniques and onscreen digitization erosion risk areas already affected by erosive
features (gullies, landslides, rill erosion etc.) and erosion control measures in place were identified and mapped
and where such measures are lacking appropriate measures were recommended. This study first covered the
20 districts in Rwanda specifically in the Western, Northern and Southern Province and then was extended to
cover Eastern province and Kigali city districts.

In order to serve its purpose in sustainable land and water resources management, the erosion control mapping
produces 5 thematic maps: 1) erosion risk distribution, 2) erosive features currently in place, 3) Land use and
vegetation cover in high erosion risk areas, 4) existing erosion control techniques and 5) recommended erosion
control practices in the view of unprotected land located at erosion risk. The data provided in this report will
serve as benchmark for better monitoring of erosion control progress in Rwanda. the erosion control data
showing the state of erosion control in Rwanda are also useful inputs in the implementation of catchment
management plans and in the village action plans both in support of Integrated water resource management
and forest landscape restoration agenda of Rwanda.

2. Erosion risk and existence of erosive features in risk areas

The results of the erosion control mapping shows that of the 30 districts of Rwanda, land under high erosion
risk is about 1,080,168 hectares (45% of the total provinces land which is estimated to 2, 385, 830 hectares) of
which 71 941 hectares (7% of the total risk areas) are at extremely high risk, 190, 433 hectares are at very high
risk (18% of the total land at erosion risk), 300,805 hectares are at high risk (28% of the total risk identified),
and 516,999 hectares (48% of the total land at risk) are at moderate risk. Ngororero District has the highest
risk with a total of 58,003 hectares i.e. 85% of its land at high erosion risk. Muhanga district is ranked the
second-highest in erosion risk with 53, 352 hectares under risk (82% of the district land) while Rutsiro district
comes third with 48,143 hectares prone to erosion estimated at 73% of the district land. Other districts such as
Karongi, Gakenke, Huye, Nyaruguru, Rulindo and Nyamagabe districts needs considerable attention as the
risk accounts for more than 60% of the district land.

The observed erosive features in risk areas have shown that about 70,433 hectares (17% of the country land
at risk) are affected by Gullies (39% of the affected land), severe gullies on 13,584 hectares (8% of the land
affected land), landslides on 2,823 hectares (2% of the affected land) and rill erosion (93,831 hectares, i.e. 52%
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of the affected land). Within the catchment, the upper Nyabarongo is the worst affected with 45,961 hectares
affected of which 28,123 hectares are affected by rill erosion, 14,337 hectares are affected by gullies, 2,353
hectares are affected by severe gullies, while 1,148 hectares are affected by landslides. Kivu catchment area
follows with 34,050 hectares affected of which 15,085 hectares are affected by rill erosion, 16,033 hectares are
affected by gullies, 2,426 hectares are affected by severe gullies and 506 hectares affected by landslides.

3. Land Use and Vegetation Cover (LUVC) in area at erosion risk

Itis shown that land in the high-risk areas is mostly used for agriculture with seasonal crops accounting for 61%
of the high-risk areas identified. Seasonal agriculture exposes soil to splash erosion and further detachment as
land is not permanently covered. In fact, the crop management and cover factor (C) is very high for seasonal
crops with conventional (regular) tillage. Forests with high canopy density occupy only 188,904 hectares (17%
of the risky areas) while seasonal crops occupy 656,304 hectares (61%) and built-up areas occupy 89,595 (8%
of the land at risk). Others like banana, coffee, mining and quarry sites, and tea cover less than 2% each. This
means that land will continue to be eroded if serious measures are not taken in agricultural lands. Mining areas
in high-risk zones account for 0.3%. Built-up area, although relatively small (8%), accelerates water velocity,
runoff, and flow accumulation which creates severe gullies downstream. In such areas, storm-water
management facilities, as well as the rainwater harvesting infrastructure, should be established to collect storm
water from houses in agglomerated zones, while best practices in mining are also reinforced to stop dumping
soil sediments from mining in rivers and streams as they fill the river beds or streambeds which in turn expose
the river bank to erosion and flooding.

4. Efforts made in controlling erosion in Rwanda

In Rwanda, it was observed that the erosion control techniques i.e. proportion of land at erosion risk which are
today protected against erosion for each district is very low. In fact, of 1,080,168 hectares of land at risk in all
provinces, only 282,352 hectares are protected against erosion (26% of the country land at risk) of which 28,870
hectares are protected by contour bank terraces (commonly known as progressive terraces covering (10% of
the land protected) while forests protect about 190,011 hectares at risk (67 % of land protected). There are
other practices like bench terraces (42,379 ha: 15%), hedgerows and shrubs (318 hectares), etc. About 797,816
hectares are not protected yet which is about 74 % of the total country land at risk.

5. Recommended erosion control practices

The recommended erosion control practices are required in unprotected areas or where the existing erosion
control techniques are judged inadequate with regard to the type of risks found and existing land use. The
contour bank terraces are recommended in high-risk agricultural lands while ditches in the forested area. Bench
terraces are recommended in areas at high to extremely high risk where there has been started the bench
terracing but which did not complete the entire area which is suitable for that recommendation. Grassed
waterways are recommended for existing terraces which was made without waterways or with but no grasses
can cause severe gullies and destruction of bench terraces created. No-till agriculture (zero tillage) is
recommended for perennial crops on the extremely high-risk area while Storm-water management facilities
(SWMF) or water harvesting facilities is recommended in built-up areas. No-recommendation is provided where
existing erosion control measures are adequate. Bamboos are recommended to close gullies or to protect
rivers. Forests (Afforestation or reforestation) are recommended in extremely high-risk areas.

In the view of this concept, contour banks terraces are required on 510,096 hectares, which is about 47% of
the total country land at risk, while afforestation and reforestation are required on 39,901 hectares (4% of the
country land at risk), Agroforestry and Hedgerows are required on 101,232 hectares (9% of the total country
land at risk). Bamboo planting is required on about 14,915 hectares of land affected by gullies and on riverside.
No-tillage agriculture is required on 43,552 hectares for perennial crops established on land at very high risk.
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Storm-water management facilities or water harvesting facilities are required in urbanized and settlement areas
on about 89,679 hectares (8 % of the total land at risk).

6. Macroeconomic cost of soil erosion

More than 745 thousand hectares of agricultural land in Rwanda are potentially eroded every year. Using a
reference year of 2021A, above 3 million tonnes crop produces are estimated to be lost seasonally (6 million
tonnes annually), of which 22 thousand tonnes of maize and 15 thousand tonnes of beans are estimated to be
lost every season due to severe erosion. The total economic loss in agricultural productivity due to severe
erosion in Rwanda is around 37.9 billion Rwandan francs (RWf) every season. In term of GDP, In the first
quarter of 2021, GDP at current market prices was estimated to be 2,579 billion RWf, agriculture sector
contributed 27% which is about 690 billion RWf. The crop productivity loss therefore translates into a loss of
about 37.9 billion RWf (5.5%) of the agricultural sector contribution to Rwanda’s GDP in the first quarter 2021.

In terms of the value of the topsoil loss, considering the national average is about 25t/ha/year, and the total
area at risk of about 1,080,168 ha, or 45%% of the country total, the discharge is estimated to an average of
27 million ton of top soil lost annually. Considering the market value of topsoil in Rwanda, a proxy for soil
productive capability, which is between US$34/tonne (RwF30,000) and US$57/tonne (RwF50,000); the annual
loss is therefore estimated to be RWf 810 billion on average, which is about one and half fold of what landscape
restoration of the entire country would cost (RWf 513billion).

Another effect of soil erosion is on soil fertility depletion and incurred cost of fertilisers. Soil erosion removes
the upper fertile part of soils that contains nutrients. considering that a ratio of soil carbon/nitrogen (C/N) ranges
between 8 and 10 (an average ratio of 9) in arable land, one hectare (1ha) of agricultural field contains on
average 2t C/hal/yr, and an amount of organic nitrogen is in the order of 0.2t N/halyear. Considering 641,280
hectares affected by soil erosion and an average soil loss of 25t/halyr, it is estimated about 16Mt/yr of soil
displaced carrying about 1,282,560t C and 128,256t N loss per year. In order to compensate soil nutrient loss
and improve land productivity, urea and di-ammonium phosphate (DAP) is applied. In the substitution of
Nitrogen loss with urea, with an average price of RWf 564,000/t; it would cost a total RWf 72 billion per year to
Rwandan farmers. A consistent amount of phosphorous (P) is also displaced with sediments from the topsoil.
The loss of phosphorus from land to downstream rivers is in the form of dissolved phosphorus and particulate
phosphorus. P losses by leaching are usually less than 1 kg/ha/yr. However, losses up to 3 kg/ha/yr have been
measured in drain flow. Considering a potential of 1,923 tonnes of phosphorous displaced from 641,280
hectares of agricultural land by soil erosion and the price of P fertiliser is about RWf 633,000/t as di-ammonium
phosphate, its substitution would cost about RWf 1,2 billion per year to Rwandan farmers, excluding subsidy
cost by the Government of Rwanda.

7. Cost and benefits of erosion control actions

The total cost of erosion control actions is estimated to 514 billion Rwandan francs of which 323 billion are for
protection of agricultural land against soil erosion (about 60% of the total risk areas) using Bench terraces,
contour bank terraces known as progressive terraces and agroforestry and hey plantation on contour banks.
This would require about 8 years from 2022 to 2030 to complete the activity by investing about 42 billion RWf
every year to protect agricultural land against excessive erosion using community approach. In doing so, we
would cut the productivity losses and therefore raise additional agriculture contribution to about 5.5% GDP
which are lost every season as a consequence of inaction demonstrated in section 6. However, because soil
erosion itself is a symptom of poor land management, erosion control measures alone will remain insufficient
to improve the management of land and water resources given the current agricultural land uses and related
management. There should be a switch of emphasis to focus on the promation of a high quality integrated soll
management system rather than stand-alone erosion control measures in agricultural land. High quality soll
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management could be achieved through an integrated conservation agriculture approach that provides
profitable agricultural yields, while minimising environmental damage. Rainwater harvesting in settlements and
storm-water infrastructure in urban areas also has the potential to address accelerated erosion and other
problems resulting from rainfall run-off across the country.
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1.1. Brief description of Rwanda and its vulnerability to soil erosion

Rwanda with an area of 26,338 km2, is located in Central Africa between latitudes 1°04 ' and

2°54' south and longitudes 28°53' and 30°53' east. Geomorphologically, the country occupies the eastern
edge of the West African Rift. This one is brand, has this latitude, by Lake Kivu (1,474 m). The edge of the
lake is dominating by a large escarpment which constitutes the flank west of the Congo-Nile ridge. This N-
S direction ridge rises from 1000 to 1500 m above the level Lake. In the north and south, its altitude is
towards 2,700 m with a saddle near Karongi around 2,000 m. Beyond this ridge, which separates the waters
of Congo from those of the Nile, the general relief slopes towards the east, forming part of the Lake Victoria
basin. The Akagera, that forms the border with Tanzania, lies slightly below 1000 m. The country is bordered
to the northeast by the volcanic chain of Birunga whose highest point is located at the top of the Karisimbi
volcano (4,507 m). Its location at altitude, due to tectonic upheavals (MOEYERSONS, 1991), goes hand in
hand with a steepening of the rivers, especially in the west. Thereby, the region of the Congo-Nil ridge, the
area of the central plateau (South Province and Kigali City (Nyarugenge district) and the Northern plateau
(Gicumbi, Rulindo and Gakenke Districts). It essentially forms a country with steep slopes, sometimes
reaching 45°. The summits of the hills and especially the bottoms of the valleys, which are often wide and
marshy, form the only sub-horizontal elements of the country.

In the east of the country, the topography is much less rugged and the density of the hydrographic network
decreases. Apart from a few ridges of quarzitic rocks, the differences in level between the summits and the
bottoms of valleys there are a few tens of meters.

Apart from Tertiary volcanic rocks (basalts and trachytes) and recent (peralkaline basalts) of western and
the north of the country, Rwanda is essentially made up of Precambrian terrain. The distribution of large
lithologic units is reflected in the topography by differential erosion: quartzites, quartzitic rocks and rare
sandstones dominate the landscape. The rocks "hard" form "mountains" with steep, straight slopes and
covered with lithosols. They sometimes rise several hundred meters above the other interfluves on rocks
schistous, lined with a kaolisol that is sometimes quite clayey.

If the benches stand in bundles, they form a "Para-Appalachian” relief (JOST, 1989, MOEYERSONS, 1991)
of ridges, separated by deep valleys on schist banks. Thus, the North and Eastern "plateaus”. The
interfluves on shales are distinguished from "mountains” not only by their relatively low height, but also by
their transverse profile in the form of a flattened dome with a steep flank. Finally, there are the granites. In
the east of the country, they form cells whose general level often remains 100 m below the surrounding
country. The Bugesera and the Umutara lowland are examples.

On the Congo-Nil ridge, granitic intrusions dominate often other rocks. Thanks to its altitude, Rwanda, close
to the equator, enjoys a temperate climate. The climatic characteristics are determined by a topography
which rises from east to west and by a supply of humid air masses of the Indian Ocean, forced to follow an
ascending path. This causes a progressive cooling and more abundant precipitation towards the west.
Thanks to its lower altitude and the "fohn" effect, the edge of the lake Kivu, hidden behind the ridge, enjoys
warmer temperatures high and reduced rainfall. The system of rainfall has two rainy seasons. The most
important extends from mid-February to the end of May. On average, 40% of precipitation falls in March-
May. The short rainy season goes from mid-September to mid-December. The great dry season between
the two is sometimes interrupted by the "rains of the cows" around August 15th. During the small dry
season, the rains stop rarely entirely and one can consider the period of mid-September to mid-June as a
hydrological year of Rwanda.
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1.2. Problem statement

While soil erosion in Rwanda is a longstanding problem, it has become nowadays more severe. Erosion
studies indicated extreme gravity of the soil erosion problem facing Rwanda, with 47 percent and 34 percent
of the country experiencing soil erosion rates of between 50 and 100 tonnes per hectare per annum,
respectively’. Soil erosion in many parts of Rwanda is severe with mean national rates of 250 Mg/ ha/yr?3
(i.e. 25t/halyr). aggregated at district level, Muhanga is the highest affected with 46t/ha/year, followed by
Ngororero (45t/ha/year), and Gakenke with 33t/ha/year of soil loss. These districts are followed by
Nyarugenge (32t/hal/year); Rutsiro (32t/ha/year) and Nyamagabe (29t/ha/year). The least eroded districts
are Rusizi in Western province, Rwamagana, Gatsibo, and Nyagatare districts in Eastern Province with 3-
8t/halyear soil loss. A maximum discharge of 45,4million ton annually*

Soil erosion processes involve more complex interactions between land use, climate and soil properties
than previously assumed in historic interventions. Studies of the dynamics of soil erosion using sequential
aerial photographs and Remote sensing techniques in combination with analyses of land use, settlement
patterns, and climatic variables have indicated that alternating stages of increased and decreased land
degradation can occur. Deforestation and vegetation clearance for inappropriate land use have resulted in
significant localised soil erosion in Rwanda. But the extent of this effect was not mapped yet. In severely
deforested areas, heavy rains compounded with the area’s steep topography have washed great amounts
of productive topsoil and caused serious flooding in many places in Rwanda. The lack of contour banks to
retain water in agricultural land coupled with permanent bare soil, facilitated splash and accelerated runoff
which in turn depletes soil fertility and its lowers productivity. Unsustainable settlements without storm-
water management facilities and waterways in built-up have contributed to heavy runoff and flooding
downstream in many places including Kigali city. It is important to recognise that unsustainable human
activities and insufficient knowledge in land use and management are a significant factor amplifying
people’s vulnerabilities to disasters. Climate change as an emerging threat can exacerbate already existing
environmental degradation and thus contribute to increased disaster vulnerability.

Soil erosion results in a significant decline in soil fertility, which is the primary cause of low agricultural
productivity in Rwanda. Heavily degraded soils are incapable of supporting large plant biomass because of
low or depleted soil nutrients and soil organic matter. Moreover, soil erosion has important downstream
impacts. High sediment loads reduce the size of river channels and water-holding capacities of lakes, choke
water harvesting and storage systems, and exacerbate flooding. In addition, erosion is a major cause of
progressive eutrophication in many of the country’s lakes, promoting the proliferation of algal blooms and
water hyacinth, which reduce the amount of dissolved oxygen in the water, hence fish death often observed
in Rwandan lakes.

! United Nations Environment Programme (2011). Rwanda: From Post-Conflict to Environmentally Sustainable
Development, ISBN: 978-92-807-3040-1, UNEP Nairobi, Kenya. 379p.

2 Karamage, F., Zhang, C., Ndayisaba, F., Shao, H., Kayiranga, A., Fang, X., Nahayo, L., Nyesheja, E.M., Tian, G.,
2016. Extent of cropland and related soil erosion risk in Rwanda. Sustain. 8, 1-19.
https://doi.org/10.3390/su8070609

3 Leigh Ann Winowiecki, Athanase Mukuralinda, Aida Bargués-Tobella, Providence Mujawamaria, Elisée Bahati
Ntawuhiganayo, Alex Mugayi, Susan Chomba, Tor-Gunnar Vagen (2020). Assessing biogeochemical and human-
induced drivers of soil organic carbon to inform restoration activities in Rwanda. Soil Discussions
https://doi.org/10.5194/s0il-2020-67

4 Water for Growth. 2018. PES Scoping Study, Upper Nyabarongo catchment. Report number TR88, Water for
Growth.
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The objective of this study was to assess the state of erosion control in Rwanda, determine using high
resolution satellite images of Rwanda, the areas at erosion risk, characterise these areas in terms of land
uses and related management, possibly detect erosive features on the high resolution satellite images,
propose recommendations to protect the area at risk while restoring the areas already affected by soil
erosion. Existing soil erosion data generated using modelling approach to predict the risk of erosion given
the terrain, land cover, soil and rainfall gives only indication of erosion risks, therefore this study translates
the modelling theories into practical information necessary for the planning of erosion control in Rwanda.

Erosion risk map of Rwanda was produced in June 2018 using the Catchment Restoration Opportunity
Mapping (CROM) — a GIS-based Decision Support tool. CROM model was developed based on the
Universal Soil Loss Equation (USLE model) originally introduced by Wischimeier and Smith in 1978. The
USLE model counts five input parameters derivable from Rainfall (R), Soils (K), Topography/ Relief (LS),
Land cover and crop management (C), and conservation practices (P), each having a multiplier effect as
follow:

A=RxKxLSxCxP

Where A is the average annual loss (T/Ha); R is the rainfall-runoff erosivity factor; K is the soil erodibility
factor; LS is the slop length (L) and steepness (S) factor; C is the cover and management factor; P is the
land management and conservation practices factor.

Combining these factors in the GIS model builder, CROM model identified six erosion risk classes: (1) No
erosion risk, (2) Low erosion risk, (3) Moderate erosion risk, (4) high erosion risk, (5) very high erosion risk
and (6) the extremely high erosion risk.

However, the 2018 CROM output did not capture where erosion controls measures have been put in place.
This is because land use and land cover data were not generated from medium resolution satellite images,
thus vegetation cover factor was not accurately used during CROM modelling process. Remotely sensed
high-resolution data and high-quality World View images have increasingly become available for Rwanda
through a memorandum of understanding between the Government of Rwanda and Digital Globe through
the National Institute of Statistics of Rwanda (NSIR) and later extended to Rwanda Water board (RWB).
Although visual image interpretation requires large manpower and is time demanding, (especially when
dealing with small-scale land use systems) several studies have shown that it produces accurate data in
mapping landscape interventions towards sustainable land management.

This report therefore, provides the state of soil erosion in Rwanda in terms of land under erosion risk,
erosive features currently in high-risk areas, land use and vegetation cover in risk areas, presence or
absence of erosion control measures, type and appropriateness, and recommended intervention where
erosion control practices are currently missing.

1.3. Objective of the erosion analytics

The main objective was to develop a decision support report on soil erosion controls measures for Rwanda
with insightful analytics, conclusions and recommendations at the district and provincial level. Using
existing CROM data, and in reference with forest cover, national land-use master plan, Village land use
and action plans and other relevant national data, establish, analyse and demonstrate the correlation
between them before breaking down the analysis into soil erosion control analytics that informs an
appropriate roadmap on soil erosion control for Rwanda (analytics segregated at the district level).
Furthermore, using information and data on investment going on for erosion control in different parts of the
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country, analyse the costs and benefits generated by the long-term investments in the erosion control for
Rwanda and provide recommendations related to cost efficient erosion plans and budget.
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2. Methodology

2.1  Erosion control mapping

This section describes steps, data and methodology used to map current state of erosion, control measures
currently in place as well as recommendations where required in order to mitigate erosion risk and
conseqguences.

2.1.1. Identification of areas of erosion risk from CROM dataset

The original CROM database has six classes: No risk, Low risk, Moderate risk, high risk zones, very high
risk and the extremely high risk zones of erosion. The attention was paid to the four categories: moderate
risk, high risk zones, very high risk zones and extremely high risk zones in the twenty Districts of Northern
Province, Southern Province and Western Province.

After extracting the concerned erosion classes (from moderate to extremely high risk classes) from erosion
risk CROM raster layer, the output was smoothed to remove single pixel with different class as the
surrounding classes. In fact, the original dataset has been automatically generated using cartographic
modelling techniques, and therefore there were a lot of zones characterized by a salt-and-pepper effect.
Below is an example of original (a) and cleaned data (b).

(a) Original CROM output data (b) Cleaned CROM output using boundary
clean tool of ArcGIS spatial analyst

In order to produce a detailed map of erosion control practices easy to be implemented by different levels
of planning (national, districts and sector levels), the erosion risk raster map (30 cm X 30cm) were cleaned
up and filtered using 3x3 majority filter and boundary clean of Geoprocessing tool available in
ArcGIS/ArcMap (ESRI software). During the smoothing processes, the original risk categories as modelled
by CROM were kept. The smoothing processes just allowed the merge of the neighbouring cells (at least
three neighbour pixels) in order to produce a map, after conversion to vector map that is easy to manipulate
and produce statistics needed for implementation at different scales.
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2.1.2.Creation of soil erosion geodatabase

This is a fundamental starting point step which consists of creating template geodatabase that will hold all
polygons digitized and their respective attributes. In this empty geodatabase, fields’ attributes along with
their respective domains were created. Using domains helps ensure data integrity by limiting the choice of
values for a particular field, i.e. that attributes are captured without any typos errors of hand-writing. The
attributes fields created to contain the information described in the section. Using the vector map of erosion
risk, a geodatabase were created to contain the (1) four risk categories identified by CROM-DSS model,
(2) the erosions features currently in place observable on the World View satellite (WV)images, (3) existing
land use/land cover 2019 generated using WV images, (4) erosion control practices currently in place and
observable WV satellite images and (4) recommended erosion control interventions for each risk categories
following the four inputs criteria briefly described in Table 1. The geodatabase has three important roles: 1)
to standardize the erosion and land management practices mainly recommended for Rwanda in the
database, 2) to minimize errors which could be produced in the database by ten of GIS technicians while
entering information manually. 3) permitting erosion factor analysis and cross tabulation.

Table 1. Major thematic fields created in the erosion control geodatabase

Recommended erosion
control practices (choose
one appropriate for each
erosion category)

Erosion control
practices currently
in risk areas

Land Cover
class (I
moderate to
extremely high
risk areas)

Erosive
features in

Erosion risk
class

(identified by
CROM and

confirmed)

place
(observed on
the image)

1. Moderate 1. Gullies 1. Banana Bamboo 1. Afforestation &
2. Highrisk 2. Landslide 2. Build-up plantation Reforestation
3. Very high 3. Rill area Bench terraces 2+ Agroforestry & shrubs
risk erosion 3. Coffee Contour  bank & hedgerows
4. Extremely 4. Severe 4. Degraded terraces 3. Bamboo plantation &
high risk gullies forest Forest river bank protection &
5. None 5. Dense Grassed closing gullies
forest waterways 4. Bench terraces with
6. Mining and Hedgerows grassed waterways
Quarries trees or shrubs  ©- Forestditches (Contour
7. Pasture or Wooded banks)
prairie grass Savannah 6. Savannfah [ shrub
8. Seasonal /shrubland restoration
crops None 7. Sylvo-pastoralism
9. Tea 8. Contour bank terraces
10. Water body 9. Zerotillage (tea, coffee,
11. None/bare banana)
soil 10. Perennial crops

11. Rainwater harvesting
facilities & storm water
management facilities

12. None
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The recommended erosion control practices are required in unprotected areas or where the existing erosion
control techniques are inadequate with regard to the type of risks found and existing land use. The contour
bank terraces are recommended in high risk agricultural lands and contour banks in the forested area
without ditches. Bench terraces are recommended in areas at high to extremely high risk where there has
been started the bench terracing but which did not complete the entire area which is suitable for that
recommendation. Grassed waterways are recommended for existing terraces which was made without
waterways or where waterways exist without grasses which could cause severe gullies and destruction of
bench terraces already created. No-till agriculture (with perennial crops) is recommended in extremely high
risk area while Storm water management faciliies (SWMF) or rainwater harvesting facilities are
recommended in built-up areas. No-recommendation is provided on areas with existing erosion control
measures which are adequate in reference to the total land protected. Contour banks are recommended
for existing forests without ditches. Bamboos are recommended to close gullies or for riverside buffers.
Forests are recommended in extremely high risk areas where crops and settlements are discouraged. Table

2 shows the matrix of inputs scenarios for the formulation of the recommendations against soil erosion.
Table 2. Multicriteria scenarios for recommended erosion control measures and management
practices in risk erosion areas

Recommended erosion control

IFF

measures CROM Erosive Land Cover Erosion control
1S erosion risk | features in class practices
class place currently in place

1. Afforestation and 1,2,3,4 1,2,3,4,5 4,6,11 4,8
Reforestation

2. Agroforestry & 1234 2,35 8,11 2,3,8
Hedgerows/shrubs

3. Bamboo plantation & river 1,2,3,4 1,2,45 8,11 8
bank protection & closing
gullies

4. Bench terraces with 2,3 3,5 8,11 8
Grassed waterways

5. Ditches (along contour | 1,2,3,4 35 4,5 4
lines)

6. Contour bank terraces 1,2,3 3,5 8,11 8

7. Savannah / Shrub 1,2,3,4 1,2,3,4 13 8
restoration

8. Silvo pastoralism 1,2,3,4 1,234 7 8

13. No till (zero tillage)/ Contour 3,4 5 1,39 8
banks

9. Perennial crops 2,34 2,35 8 8

10. Rainwater harvesting  1,2,3,4 1,2,3,4,5 2 8

facilities & Storm water
management facilities
11. None 1,2,3,4 5 1,3,5,9,10 1,2,3,4,5,6,7
None is recommended where erosion control practices in place are very commendable and no need of
extra protection measures.

2.1.3.Editing risk feature areas
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This method consists of correcting polygons geometries, completing polygons and adding attributes in the
polygons attributes table. Very high resolution World View images (30-50 pixel size) of recent years (2019-
2020) were used as base map to check and using on-screen digitising techniques different erosion risk
features were delineated, land use and vegetation cover were determined, erosion control techniques in
place were assessed and appropriate erosion control practices recommended based on erosion risk
category, existing land use, and erosive features in place.

The 10 GIS technicians were organized in two team working in respectively day and night shift. Each
computer had a connection to Digital Globe online images. Their tasks were to identify and interpreting the
erosion feature types, the erosion control techniques in place, the land cover types and proposing adequate
measures for mitigating the identified erosion risk. Technicians were also required to clean or edit polygons
geometry if they find that the feature is not well demarcated. This consisted of either reshaping the polygon
or completing it by adding a missing part of the identified erosion feature. Below is an illustration of the
editing method showing the polygons shapes before (a) and after (b) the editing process.

(a)Before editing (b) After editing

2.1.4.Data cleaning process and validation

In this step, we applied topology rules to clean and validate the digitized erosion control polygons using
the following:

Topology rules to identify polygons geometry errors: gaps, overlap and minimum cluster tolerance
were the main topology rules applied to clean and validate the polygons. The “Must not have Gaps” rule
is a way to find to find possible omissions within a polygon or between adjacent polygons. The “Must not
overlap” rule is applied to detect areas where two or more polygons are overlapping each other. The
polygons can share edges or vertices. This rule checks where there is an area that belongs to two or more
polygons and marks this are as an error. Below is an example of overlapping polygons.
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The “Must not have gap” rule requires that there are no voids within a single polygon or between adjacent
polygons. All polygons must form a continuous surface. An error will always exist on the perimeter of the
surface. Applying this rules helped us to locate and identify polygons which overlap each other or small
areas of gaps which must be filled.

Cleaning topological errors and data validation: The implementation of topological rules consisted of
checking and fixing the detected areas which are not complying with the rules specified above. During
validation, the technician decides between merging the overlapping area with only one polygon, creating
new polygon, completing the polygons or either ignoring the error (in case of an error marked at the
perimeter of isolated polygon). Each time a topological error check is applied to validate the final output.

2.1.5.Geoprocessing and cartographic process of soil erosion

After data cleaning, the resulting feature class is then geoprocessed using the following methods to produce
disaggregated polygons:
- Disaggregation of the above geoprocessed data according to the administrative level of the country,
down to the sector level for further cartographic layouts preparation.
- Export the features attributes into Excel for further statistical analysis and production of tables and
graphs to be included in the report.
Production of following thematic maps per Province and per District: erosion risk categories,
erosion feature types, Land cover types, Erosion control techniques and recommended practices
for mitigating erosion risks.

2.2 Aggregating soil erosion control status within catchments

The erosion data were aggregated by major catchment of Rwanda to support the implementation of
catchment plans.

2.3 Macroeconomic costs of soil erosion

Of 1,080,168 hectares of agricultural land, about 746,898 hectares (70%) are affected by soil erosion.
Estimating cost of soil fertility loss, and productivity loss for commodity crops are key parameters that

9|Page



translate severity of soil erosion into the national economy and therefore show the crucial needs for erosion
control.

2.2.1.Quantifying the cost of erosion on the productivity loss of
commodity crops

Crop productivity loss methodology estimates crop yields expressed as tonnes per hectare for commodity
crops, predicts areas where severe erosion will occur, and estimates the likely loss in crop productivity. An
economic value of crop productivity loss per year was derived by multiplying the loss in production by the
average market price of the eleven commodity crops of Rwanda. The eleven crop commodities were
reported by the National Institute of Statistics of Rwanda (NISR) and are very common in Rwanda. The
crop productivity statistics, taken for the season A 2021 by the (NISR-SAS20215). We used the following
two figures: (a) hectares of cultivated area, harvested area (and harvested production) per commodity and
yields as tonnes per hectare for each crop. The eleven common crops considered are maize, sorghum,
wheat, cassava, sweet potato, irish potato, bananas, beans, vegetables (tomatoes), soybean and
groundnuts. Rice is planted in wetland and benefits from erosion deposits (although can also be flooded
and destroyed) but the upland crops are most affected by soil erosion and upland soils are depleted from
soil nutrients by erosion. Vegetables are also affected a little bit because they are mainly planted in season
C (June- July — August and mainly in marshland). The area covered by those eleven crops is about 94% of
the country cultivated land (1,026,947 of 1,096,956 hectares for the season 2021A). The area affected by
soil erosion is estimated to 746,898 hectares (73% of total cultivated land during the season 2021A).

The market value for each crop is the producer's price (farm gate price). The loss of nutrients and organic
carbon due to soil erosion and the subsequent agricultural productivity is also (partially) compensated by
the use of chemical fertilisers (Kuhiman et al., 2010). On the basis of relevant literature findings (Annex 1),
this study assumes that a crop productivity loss of 8% occurs in agricultural fields that have been intensively
cultivated for more than 30 years, where annual erosion rates are high (>10 t ha™' year™), or 5t ha™'
seasonally. The literature review of 18 studies (Annex 1) takes into account the experimental results of crop
productivity loss due to erosion, and it is well distributed in the world (United States, Canada, Europe, Spain,
Africa, Indonesia, Rwanda etc.). While Rwanda’s green landscapes do not generally exhibit the gullies and
bare lands associated with severe land degradation resulting to soil erosion, soil fertility has been seriously
depleted because of the insufficient use of amendments and fertilisers coupled with the limited ability to
compensate productivity losses due to runoff and leaching of nutrients to sub-surface. In this study, any
productivity loss in agricultural fields that have low erosion rates (< 10t ha™" year~' or 2.5 t ha™! per season)
is not considered. In Africa context, a soil loss of 10 t ha™' is considered a tolerable rate for agricultural
productivity®. According to Montgomery (2007), the United States Department of Agriculture also considers
soil loss rates of less than 12 t ha™! year™ (equivalent to 1 mm of erosion per year, assuming an average
bulk density of 1,200 kg/m?3) to be tolerable for maintaining crop productivity.

With the abovementioned data, the rate of loss in land productivity for Rwanda is estimated as follows:

LPL = SEA 0.08 (equation 1)
TAA

> National Institute of Statistics of Rwanda (2021). Seasonal Agricultural Survey: Season A 2021 Report

6 Desta G., Tamene L., Abera W., Amede T, Whitbread A., 2021. Effects of land management practices and land
cover types on soil loss and crop productivity in Ethiopia: A review. International Soil and Water Conservation
Research. In press.
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where LPL is the land productivity loss expressed as %, SEA is the area of severe erosion (ha), and TAA
is the total agricultural areas (ha). This assumes that the productivity loss is equally distributed across all
crop types within regions and that the variability between them is due to different percentages of severely
eroded land and total agricultural area. This hypothesis is made due to a lack of georeferenced crop areas.
Once the land productivity loss has been computed using equation 1, crop productivity loss per crop is
calculated as:

CPL; = LPL X CA; X CP; (equation 2)

where CPL is the crop productivity loss per crop, expressed in tonnes, LPL is the land productivity loss
estimated using Equation 1, CA is the crop area (ha), and CP is the crop yield (t/ha). The variables i
represents the crop. Eleven common crops in Rwanda were considered.

Finally, the crop productivity loss is multiplied by the market price of each crop, to calculate the overall
monetary loss. The results are aggregated per crop type.
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3. Results of soll erosion control mapping

In the results section, we present in details the output of the applied methodology to map and geoprocess
the erosion control thematic maps using very recent World View images of 2019. We discuss on the figures
related to erosion risks, present erosion feature types, land use and vegetation cover for the land at erosion
risk, erosion control practices already in place in risk areas, as well as recommended erosion control
measures to mitigate erosion where identified erosion risk without erosion control measures currently in
place.

3.0 Erosion Control status at national level

Table 3 presents the situation of erosion risk in Rwanda. Land at risk of soil erosion is about 1,080,168
hectares (45% of the total country land). The results show that the Northern Province has the highest risk
area with about 187,165 hectares (i.e. 59% of the Province land) followed by the Southern Province with
381,116 hectares (56% of the Province land) and the Western Province with 486,773 hectares i.e. 54% of
its land under high risk of erosion. The Eastern Province is the least susceptible to erosion with 29% of the
land at risk. The land at extremely high risk, very high risk and high risk is estimated at 7%, 18% and 28%
of the total areas at risk respectively, while 48% is considered as areas at moderate risk. Figure 1 shows
the spatial distribution of the erosion risk in Rwanda.

Table 3: Erosion risk per province in Rwanda

Provinces /City of Kigali otA)o?:Ir
EresiEm il CITY OF Grand area at
KIGALI EAST NORTH SOUTH WEST Total risk

Extremely High 1,812 1,593 12,358 26,786 | 29,392 71,941 7%
Very High 5,663 16,924 37,011 70,262 | 60,571 190,431 18%
High 12,797 55,016 54,269 | 106,498 | 72,223 300,802 28%
Moderate 18,908 187,634 83,527 | 127,571 | 99,355 516,995 48%
Grand Total 39,179 261,166 | 187,165 | 331,116 | 261,542 | 1,080,168 100%
Province Land(Ha) 72,829 910,555 | 319,318 | 596,355 | 486,773 | 2,385,830
% Erosion risk per
province land 54% 29% 59% 56% 54% 45%
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Erosion risk in Rwanda
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Figure 1: Erosion risk in Rwanda

Land at erosion risk already affected by erosive features is amounting to 180,670 hectares (about 17.8%
of the total land at risk. Regarding the erosion feature types observed in Rwanda, majority of the total land
at erosion risk is affected by rill erosion (52%) followed by gullies (39%). Table 4 and Figure 2 show the

distribution of erosion feature types per province in Rwanda.

Table 4: Land affected by erosive features per province and City of Kigali

PROVINCES / KIGALI CITY % Feature
Erosive features KIGALI Grand Total per total
CITY EAST NORTH SOUTH WEST (Ha) features
Gullies 2,539 7,700 18,081 15,986 26,127 70,433 39%
Landslide 7 117 474 1,397 828 2,823 2%
Rill erosion 270 9,493 8,981 55,416 19,671 93,831 52%
Severe gullies 168 1,517 5,350 2,879 3,669 13,584 8%
Total land affected 2,983 18,827 32,886 75,678 50,296 180,670 17.8%
Not affected 36,196 | 242,339 | 154,279 255,438 | 211,246 899,498 83.2%
Grand Total 39,179 | 261,166 | 187,165 331,116 | 261,542 1,080,168 100%
% features per
land at risk 8% 7% 18% 23% 19% 17%
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Erosion feature types in Rwanda
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Figure 2: Land affected by erosive features in Rwanda

The land cover and land use types observed in the areas at erosion risk are presented in the Table 5 and
Figure 3. The seasonal crops are predominant land use affected by soil erosion (61% of total land affected)

followed by forests are covering an area of 262,092 hectares (22 % of the total area at risk) followed by the
built-up areas on a total area of 8,959 hectares (8% of the total land at risk).

Table 5: Land cover types in Rwanda

Land cover types PROVINCES / KIGALI CITY %
KIGALI CITY | EAST NORTH | SOUTH | WEST Grand Total
Banana 931 6,397 2,240 7,582 4,796 21,947 2%
Built-up area 12,525 20,021 15,277 19,028 | 22,744 89,595 8%
Coffee 12 81 857 1,105 274 2,330 0%
Degraded forest 2,971 12,660 1,834 8,782 6,340 32,587 3%
Degraded savannah 13,954 13,954 1%
Degraded shrub 27 18,591 2 18,620 2%
Dense forest 5,377 20,129 35,242 84,802 | 43,355 188,904 17%
Mining and Quarries 380 1,327 304 372 340 2,723 0%
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Land cover types PROVINCES / KIGALI CITY %
KIGALI CITY | EAST NORTH | SOUTH | WEST Grand Total

None 173 381 154 687 1,595 2,992 0%
Pasture or prairie grass 10 849 3 6 400 1,268 0%
Savannah 8,027 8,027 1%
Seasonal crops 16,635 | 145,426 | 130,237 | 202,472 | 161,533 656,304 61%
Shrub 3 12,723 3 12,730 1%
Tea 281 4,335 | 16,320 20,936 2%
Water body 135 598 734 1,942 3,844 7,253 1%
Grand Total 39,179 | 261,166 | 187,165 | 331,116 | 261,542 1,080,168 100%
Landcover types in areas at erosion risk in Rwanda ,W_@,
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Figure 3: Land cover on land at erosion risk in Rwanda

In the areas considered at erosion risk, there are already erosion control measures that have been put in
place and that were observed on digital images. These erosion control measures are bamboo plantations,
bench terraces, contour bank terraces, forest, grassed waterways, hedgerows trees or shrubs, and
savannah. Forests cover an area of 190,011 hectares (67% of the total protected land) followed by bench
terraces (15%) and contour bank terraces commonly known as progressive terraces. The Table 6 and

Figure 4 show the summary and national distribution of these erosion control in places. As show by Table
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6, countrywide, only 26% land at risk are fully protected (282,352ha) leaving 74% not protected
(797,816ha). However, Northern province is most protected with 34% protected by forests (35,980ha)
contour bank terraces (10,997ha) and bench terraces (15,777ha) followed by South province (31% of the

land at risk in the south).

Erosion control techniques in Rwanda
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Figure 4: Erosion control currently in place in Rwanda
Table 6: Erosion control currently in place per province
PROVINCES / KIGALI CITY (Ha
Erosion control in place | KIGALI Grand %
CITY EAST NORTH | SOUTH | WEST Total
Bamboo plantation 7 5 12 0%
Bench terraces 350 3,663 | 15,777 9,376 | 13,213 42,379 15%
Contour bank terraces 340 2,325 | 10,997 9,237 5,971 28,870 10%
Forest 5,341 | 20,161 | 35,980 85,058 | 43,471 190,011 67%
Grassed waterways 14 86 6 106 0%
Hedgerows trees or shrubs 36 32 195 55 318 0%
Savannah 8,025 8,025 3%
Shrub 3| 12,625 3 12,631 4%
Total Erosion control (Ha) 6,070 | 46,798 | 62,808 | 103,960 | 62,716 282,352 26%
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PROVINCES / KIGALI CITY (Ha
Erosion control in place | KIGALI Grand %
CITY EAST NORTH | SOUTH | WEST Total
Not protected against
erosion (Ha) 33,110 | 214,368 | 124,357 | 227,157 | 198,825 797,816 74%
Grand Total 39,179 | 261,166 | 187,165 | 331,116 | 261,542 | 1,080,168 | 100%
% Erosion control per
land at risk 15% 18% 34% 31% 24% 26%

The Table 7 and Figure 5 are respectively the summary and spatial distribution of the recommended
practices to mitigate the erosion at the national level. Contour bank terraces are recommended on an area
of 510,096 hectares (47% of the area at risk), while agroforestry and hedgerows are recommended on
101,232 hectares (9% of the area at risk), afforestation/reforestation is recommended on an estimated are
of 39901 hectares. Other recommended practices are bamboo plantations to close gullies or protect
riversides, ditches, bench terraces, contour bank terraces, grassed waterways, implementing water
harvesting facilities and restoring savannah or shrub and practicing silvo-pastoralism.

Table 7: Recommended erosion control practices in Rwanda

PROVINCES / KIGALI CITY

Recommended practices | KIGALI Grand %
CITY EAST NORTH | SOUTH | WEST Total
Afforestation /
Reforestation 3,476 14,651 2,493 10,798 8,483 39,901 1%
Agroforestry / hedgerows 2,129 9,407 33,081 20,014 36,601 101,232 9%
Bamboo plantation 171 2,189 3,886 2,776 5,893 14,915 1%
Bench terraces 555 3,257 4,932 7,703 13,505 29,952 3%
Contour bank terraces 13,748 | 130,863 87,173 | 169,917 | 108,396 510,096 47%
Ditches 78 71 966 1,089 1,286 3,490 0%
Grassed waterways 19 17 1,163 1,595 156 2,951 0%
None 5,388 | 40,936 35,301 85,636 43,279 210,541 19%
Perennial crops 1 18 25 4 48 0%
Savannah / Shrub
restoration 27 | 32,543 2 2 32,574 3%
Silvo pastoralism 10 830 397 1,237 0%
Water harvesting facilities 12,663 19,981 15,364 18,516 23,155 89,679 8%
Zero tillage 916 6,420 2,786 13,047 20,383 43,552 1%
Grand Total 39,179 | 261,166 | 187,165 | 331,116 | 261,542 | 1,080,168 100%
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Recommended erosion control practices in Rwanda
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Figure 5: Recommended erosion control practices in Rwanda

3.1 Erosion Control status in Northern Province

Table 8 presents the situation of erosion risk in the Northern Province of Rwanda. Land at risk of soil erosion
is about 187,165 hectares (59% of the total province land). The results show that Gakenke is the highest
risk area with 49,738 hectares (i.e. 71% of the district land) followed by Rulindo District with 38,344 hectares
(68% of the district land) and Gicumbi with 46,980 hectares i.e. 57% of its land under high risk of erosion.

Musanze and Burera are the least susceptible to erosion with 37% of the land at risk in Musanze and 56%
of land at risk in Burera.

Table 8: Erosion risk per District in Northern Province

District Erosion risk areas (Ha) District Percent
Extremely | Very Moderat | Grand land (ha) | age (%)
High High High e Total

GAKENKE 5,527 13,162 16,241 14,808 49,738 70,325 71%

RULINDO 2,140 8,578 12,346 15,280 38,344 56,699 68%

GICUMBI 603 3,624 9,377 33,376 46,980 82,721 57%
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District Erosion risk areas (Ha) District Percent
Extremely | Very Moderat | Grand land (ha) | age (%)
High High High e Total

BURERA 3,045 8,337 11,809 10,031 33,223 58,856 56%

MUSANZE 1,042 3,311 4,495 10,031 18,880 50,717 37%

'cr;‘cr)?gld 12,358 37,011 54,269 83,527 187,165 319,318 59%

Erosion Risk of Northern Province

E:___i Province Boundaries

E____! Districts boundaries

- Extremely High %

I very High N
High
Moderate

Figure 6: Erosion risk in Northern Province

3.1.1. Erosion Control status in Burera District

Erosion risk in Burera is summarised in Table 9 and presented in Error! Reference source not found..
Erosion risk in Burera District is estimated to 56%, about 33,223 hectares are under moderate to extremely
high erosion risk of which 2,124 hectares are located in Bungwe sector (83% of sector land), 2,017 hectares
are located in Rusarabuge sector (77% of sector land), 4,416 hectares are located in Butaro (75% of the
sector), 1,346 hectares are found in Rugengabari sector and 3,093 hectares are located in Kinyababa
sector, about 69% of the sector land. The least erosion risk sectors are Kinoni with 528 hectares (17% of
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the sector land), Cyanika with 885 hectares (21%) and Kagogo with 629 hectares, only 24% of the total
sector land.

Erosion risk in Burera District
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Figure 7: Erosion risk in Burera District
Table 9: Erosion risk per sector in Burera District
Sector Name Erosion risk Grand Sector Percentag
Extreme | Very High Moderate | rotal land(ha) | e (%)
ly High High
BUNGWE 106 405 873 741 2,124 2,575 83%
RUSARABUG
E 359 582 640 436 2,017 2,633 77%
BUTARO 311 1,236 1,797 1,072 4,416 5,876 75%
RUGENGABA
RI 83 446 665 152 1,346 1,817 74%
KINYABABA 243 696 1,149 1,005 3,093 4,504 69%
NEMBA 184 566 853 832 2,435 3,769 65%
CYERU 529 843 714 341 2,427 3,779 64%
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Sector Name Erosion risk Grand Sector Percentag

Extreme | Very High Moderate | rotal land(ha) | e (%)

ly High High
KIVUYE 118 745 980 527 2,369 3,737 63%
GITOVU 201 407 496 452 1,556 2,672 58%
RWERERE 350 910 927 613 2,800 4,847 58%
GATEBE 151 434 835 678 2,099 3,870 54%
GAHUNGA 182 377 398 580 1,537 2,893 53%
RUHUNDE 88 252 802 938 2,079 4,344 48%
RUGARAMA 47 118 137 578 880 2,642 33%
KAGOGO 3 59 168 398 629 2,229 28%
CYANIKA 25 130 234 496 885 4,147 21%
KINONI 63 131 141 193 528 2,522 21%
Grand Total 3,045 8,337 11,809 10,031 33,223 58,856 56%

Burera land areas affected by erosive features as detected on World View satellite images of 2019 - 2020
are summarized in Table 10 and the map of erosive features are presented in Figure 8 Error! Reference
source not found.. The results show that Butaro sector is the worst affected by gullies and severe gullies
on areas estimated to 1,274 hectares, followed by Kivuye sector on 511 hectares, Cyanika sector on 163
hectares, and Rugendabari on 221 hectares. This study shows that Kagogo is the unique sector that is not
affected by erosion risk, whereas Gitovu is the least affected by erosion risk with 3ha (0%) followed by
Rusarabuge with 16 ha affected (1%), Bungwe with 95 ha affected, Rwerere with 150 ha affected (5%) and
Kinoni 32 ha affected (6%). Moreover, it appears that Rusarabuge, Rwerere, Cyeru, Bungwe sectors which
were revealed by CROM model that more than half of the sector lands are at risk, there was less area
affected already by erosive features. This should not read that CROM model could not perform well in these
sectors, but rather due to the time of image acquisition, the erosive features could be observed or erosion
control measures have been already taken and therefore runoffs have been prevented, thus erosive
features could not be formed in this case. Further analysis will demonstrate that in Table 5 and 6.

Table 10: Erosive features and areas affected in Burera District

Sector Name Erosive features Total None Grand | %
Gullie | Landslid | Rill Severe Feature | (Ha) | Total | feature
s e erosion | gullies s (Ha) &
BUTARO 166 2 54 1052 1274 3143 4416 29%
KIVUYE 65 12 5 429 511 1858 2369 22%
CYANIKA 163 163 723 885 18%
RUGENGABA
RI 221 221 1125 1346 16%
KINYABABA 140 6 40 306 493 2601 3093 16%
RUGARAMA 23 67 90 790 880 10%
NEMBA 92 8 105 205 2230 2435 8%
GAHUNGA 4 121 126 1412 1537 8%
CYERU 17 173 190 2236 2427 8%
RUHUNDE 136 4 21 160 1919 2079 8%
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Sector Name Erosive features Total None Grand | %
Gullie | Landslid | Rill Severe Feature | (Ha) Total | feature
s e erosion | gullies s (Ha) 2
GATEBE 51 40 68 158 1940 2099 8%
KINONI 32 32 495 528 6%
RWERERE 92 14 44 150 2650 2800 5%
BUNGWE 9 86 95 2029 2124 4%
RUSARABUG
E 15 1 16 2001 2017 1%
GITOVU 3 3 1553 1556 0%
KAGOGO 0 629 629 0%
Grand Total 1060 46 143 2639 3888 | 29335 | 33223 12%

Erosion feature types in Burera District
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Figure 8: Erosive features detected using worldview satellite images for Burera District

In term of land use and vegetation cover in Burera, the results of land cover mapping (Table 11 and Figure
1) show that 25,288 hectares (76% of the total land at risk) are used for crop cultivation, 3,974 hectares
(12% of the total land at risk) are covered by healthy forests and 3,315 hectares i.e. 10% are used for built-
up and settlement.
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Table 11: Land Use and Vegetation Cover (LUVC) of areas at risk in Burera District

Degrad Mining Pastur Seaso
Banan |Built- Dense eor Water |Grand
Sector Name ed conces [None .. |nal
up area forest . prairie body |[Total
forest sion crops
grass

BUNGWE 4 220 3 235 1,655 8| 2,124
BUTARO 563 9 405 3 7 3,425 5| 4,416
CYANIKA 132 153 601 885
CYERU 101 203 8 221 8 2 1,881 3| 2427
GAHUNGA 208 22 92 1,215 1| 1,537
GATEBE 241 1 209 1,648 2,099
GITOVU 106 59 12 273 3 1,103 1,556
KAGOGO 12 25 3 180 1 1 406 629
KINONI 9 49 94 1 374 528
KINYABABA 100 193 14 480 2 2,296 8| 3,093
KIVUYE 277 5 293 5 2 3| 1,784 2,369
NEMBA 4 285 2 340 1 1,780 22| 2435
RUGARAMA 115 116 649 0 880
RUGENGABARI 6 74 140 1,125 1] 1,346
RUHUNDE 256 2 207 1,615 2,079
RUSARABUGE 3 108 3 220 93 1,557 32| 2,017
RWERERE 307 4 315 2,174 1] 2,800
Grand Total 345| 3,315 87| 3,974 113 17 3| 25,288 81| 33,223
% 1% 10% 0% 12% 0% 0% 0% 76% 0% | 100%
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Landcover types in Burera District
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Figure 9: Land cover types in Burera District

About existing erosion control practices in Burera district, only 21% of land at risk is protected by forests
(4,316 hectares), contour bank terraces (1,766 hectares), and bench terraces (850 hectares). Although still
low, the highest protected sectors are Bugarama with 55% of its land at risk protected, followed by Cyanika
where 49% of the total land at risk is protected (432 hectares) and Kagogo with 29% of land protected. The
least protected sectors are Rusarabuge (13% protected), Rugengabari and Butaro (14%). The visual
interpretation of World View images confirms earlier findings by CROM model that Rugengabari, Butaro
and Rusarabuge sectors remain at very high risk of soil erosion since more than 80% of their respective
land are not protected.

Table 12: Erosion control practices already in place in Burera District

Sector Name Erosion control in place Total Unprotected | Grand %
protected (Ha) Total Protected
Bench Contour Forest (Ha) (Ha)
terraces bank
terraces
RUGARAMA 367 116 484 397 880 55%
CYANIKA 280 153 432 453 885 49%
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Sector Name Erosion control in place Total Unprotected | Grand %

protected (Ha) Total Protected

Bench Contour Forest (Ha) (Ha)
terraces bank
terraces

KAGOGO 2 2 182 185 444 629 29%
KIVUYE 83 164 408 656 1,713 2,369 28%
GAHUNGA 297 96 393 1,145 1,537 26%
NEMBA 180 31 340 552 1,883 2,435 23%
BUNGWE 71 146 251 468 1,657 2,124 22%
RWERERE 116 117 354 588 2,213 2,800 21%
GITOVU 21 14 283 318 1,238 1,556 20%
KINONI 8 94 102 426 528 19%
GATEBE 53 55 288 396 1,702 2,099 19%
RUHUNDE 132 22 221 375 1,705 2,079 18%
KINYABABA 28 487 516 2,578 3,093 17%
CYERU 157 26 219 402 2,025 2,427 17%
BUTARO 19 150 453 622 3,794 4,416 14%
RUGENGABARI 38 151 189 1,157 1,346 14%
RUSARABUGE 16 28 220 265 1,752 2,017 13%
Grand Total 850 1,775 4,316 6,941 26,282 | 33,223 21%
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Erosion Control Techniques in Burera District
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Figure 10: Erosion control techniques in place in Burera District

Erosion control practices in Burera district are recommended based on existing land uses, erosion control
measures already in place, and predicted erosion risk by CROM model. Table 13 shows that contour bank
terraces commonly known in Rwanda as progressive terraces are required for land about 17,837 hectares
(54% of the total land at risk) used for seasonal crops. Bamboo plantation is required to rehabilitate 2,887
hectares affected by gullies (about 8% of the total land at risk), while storm water management facilities
(SWMF) are recommended for built-up areas of about 3,339 hectares (10% of the total risk areas).
Agroforestry and hedgerows are need in 3879 hectares of agricultural land. Afforestation and reforestation
(267 hectares) and bench terraces (174 hectares) are required on extremely high risk areas.
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Table 13: Recommended erosion control practices in Burera District

Sector Affore |Agrofo|Bamb |Bench |[Contou |Water |Zero |Alread |Grand
Name statio |restry |00 terrace |r bank [harve [tillage |y Total

n/ / plantat|s terrace |sting |/ protec

Refor |hedge |ion +grass |s faciliti |peren |ted

estati |{rows ed es nial

on waterw crops

ays

BUNGWE 8 227 70 25| 1,305 220 4 266 | 2,124
BUTARO 13 173 980 31| 2,251 569 399 | 4,416
CYANIKA 1 355 140 95 132 163 885
CYERU 37 437 100 97 | 1,229 203 | 104 220 | 2,427
GAHUNGA 29 435 123 646 208 2 96 | 1,537
GATEBE 13 125 118 17 | 1,346 241 239 | 2,099
GITOVU 14 153 15 928 59| 106 281 | 1,556
KAGOGO 6 6 400 25 12 180 629
KINONI 17 46 311 51 9 94 528
KINYABAB 18 107 378 1,809 193 98 489 | 3,093
KIVUYE 7 217 442 65| 1,054 282 302 | 2,369
NEMBA 4 118 141 197 1,329 285 4 357 2,435
RUGARAM 1 448 77 124 115 116 880
RUGENGABARI 94 1 1,032 74 6 139 | 1,346
RUHUNDE 2 209 157 1,253 256 204 | 2,079
RUSARABY 92 342 32 1,218 108 3 220 | 2,017
RWERERE 16 387 129 133 | 1,508 317 311 | 2,800
Grand Totd 277 | 3,879 | 2,887 580 | 17,837 | 3,339 | 348 | 4,076 | 33,223
% 1% 12% 9% 2% 54%| 10% 1%| 12%| 100%

Other interventions: there are grassed waterways that are recommended for 372Ha of existing terraces
made without waterways or with them but not grassed which can cause development of severe gullies and
destruction of bench terraces already created. No-till agriculture is recommended for 348Ha of perennial
crops while Water harvesting facilities are recommended in built-up areas (on 3,339 hectares). Areas
already protected: No-recommendation is provided because existing erosion control measures are
adequate with reference made to the total land protected (Table 12). Contour banks are recommended for
existing forests without ditches.
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Recommended Erosion Control Practices in Burera District
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Figure 11: Recommended erosion control practices in Burera District

3.1.2. Erosion control status in Gakenke District
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Soil erosion risk in Gakenke is summarised

Erosion risk in Gakenke District
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Figure 12: Erosion risk in Gakenke District
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Table 14 and presented in Figure 12. Erosion risk in Gakenke District is estimated to 71% of the total
district land. About 49,738 hectares are at risk of erosion. In fact of 19 sectors of Gakenke, only 2 sectors
out of 19 sectors have less than 40% of the land at risk of erosion while six sectors have more than 80% of
the sector land prone to erosion. A total of 4,164 hectares are located in Kamubuga sector (90% of sector
land), 4,161 hectares are located in Ruli sector (89% of sector land), 4,867 hectares are located in Coko
(88% of the sector land), 4,609 hectares are found in Muhondo sector (84% of the sector land), 3,785
hectares are located in Minazi and 3,208 hectares are located in Rushashi sector, about 80% of the sector
land. The least sectors are Rusasa with only 664 hectares (22% of the sector land) susceptible to erosion,
Mugunga with 1,165 hectares (40%), Karambo and Nemba respectively with 1,166 hectares, about 53% of
the total sector land and 1,225 hectares (54%). Compared to other Districts of the Northern Province,
Gakenke is the vulnerable district to soil erosion and need special attention.
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Erosion risk in Gakenke District
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Figure 12: Erosion risk in Gakenke District
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Table 14: Erosion risk per sector in Gakenke District

Sector Name Erosion risk Sector Percentag
Extremely | Very Moderat | Grand el | 2t
High High High e Total

KAMUBUGA 1,172 724 1,100 65 3,061 3,392 90%
RULI 408 1,218 1,588 947 4,161 4,666 89%
COKO 649 1,973 1,680 564 4,867 5,555 88%
MUHONDO 385 1,138 1,618 1,467 4,609 5,494 84%
MINAZ| 267 926 1,488 1,104 3,785 4,724 80%
RUSHASHI 297 746 1,223 941 3,208 4,014 80%
MUYONGWE 174 724 986 804 2,687 3,410 79%
KIVURUGA 117 774 715 675 2,280 3,121 73%
MATABA 194 560 871 754 2,380 3,316 2%
JANJA 391 852 552 390 2,184 3,053 72%
BUSENGO 313 691 820 731 2,555 3,821 67%
GAKENKE 210 541 860 1,118 2,729 4,116 66%
GASHENYI 200 662 971 920 2,752 4,177 66%
CYABINGO 4 39 316 1,230 1,590 2,415 66%
MUZO 499 1,015 647 509 2,669 4,662 57%
NEMBA 65 199 269 691 1,225 2,264 54%
KARAMBO 156 308 172 531 1,166 2,187 53%
MUGUNGA 27 52 289 797 1,165 2,913 40%
RUSASA 19 77 568 664 3,026 22%
Grand Total 5,527 | 13,162 | 16,241 14,808 49,738 70,325 71%

Land areas at risk which are already affected by erosive features in Gakenke District are summarized in
Table 15 and the map of erosive features are presented in Figure 13. The results show that Kamubuga
sector is the worst affected by gullies and severe gullies on areas estimated to 1392 hectares, followed by
Minazi sector on 2631 hectares, Karambo sector on 331 hectares, and Coko sector on 1267 hectares. The
presence of gullies, landslides and severe gullies in Kamubuga, Minazi, Karambo and Coko confirms the
findings of CROM model, however Mugunga, Rusasa, Cyabingo, Janja, Gakenke and Busengo sectors
which were revealed by CROM model that are above 40% of the sector lands are at risk, there are among
the least affected already by erosive features i.e. less or equal to 1% for Mugunga and Rusasa, 4% for
Cyabingo, 6% for Janja, 8% for Gakenke and 10% for Muzo sector. This should not read that CROM model
could not perform well in these sectors, but rather due to the time of image acquisition, the erosive features
could be observed or erosion control measures have been already taken and therefore runoffs have been
prevented, thus erosive features could not be formed in this case. The least sectors affected by gullies and
landslides in Gakenke District are Mugunga with only 4 hectares, Rusasa with 5 hectares and Cyabingo
with 67 hectares.
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Figure 13: Erosive features detected in Gakenke District
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Table 15: Erosive features and areas affected in Gakenke District

Sector Name Erosive features Total None Grand | %
Gullies | Landslid | Rill Severe | Feature | (Ha) Total | feature
e erosion | gullies | S (Ha) S

KAMUBUGA 743 52 4 868 1,669 1,392 | 3,061 55%
MINAZI 825 7 63 259 1,154 | 2,631 | 3,785 30%
KARAMBO 328 3 331 835 1,166 28%
COKO 1,077 21 169 1,267 | 3,600 | 4,867 26%
MUYONGWE 670 20 690 1,997 | 2,687 26%
MATABA 526 81 607 1,773 | 2,380 26%
RUSHASHI 636 2 157 795 | 2,413 | 3,208 25%
RULI 867 4 8 127 1,006 | 3,155 | 4,161 24%
KIVURUGA 275 144 35 454 1,826 2,280 20%
GASHENY!I 486 57 543 | 2,209 | 2,752 20%
NEMBA 172 68 240 984 1,225 20%
MUHONDO 625 269 893 | 3,715 | 4,609 19%
MUZO 465 6 4 474 | 2,195 | 2,669 18%
BUSENGO 239 239 | 2,316 | 2,555 9%
GAKENKE 234 234 | 2,495 | 2,729 9%
JANJA 146 2 1 149 2,035 2,184 7%
CYABINGO 52 15 67 1,522 1,590 4%
RUSASA 5 5 659 664 1%
MUGUNGA 4 4 1,161 1,165 0%
Grand Total 8376 253 144 2049 10,822 | 38,916 | 49,738 22%

In term of land use and vegetation cover for areas at risk in Gakenke, the results of land cover mapping
(Table 16 and Figure 14) show that 36489 hectares (about 73% of the total land at risk) are used for crop
cultivation, 9261 hectares (19% of the total land at risk) are covered by healthy forests and 819 hectares
i.e. 2% are used for built-up and settlement and 1566 hectares (3% of total land at risk) are covered by

banana.
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Figure 14: Land cover types in Gakenke District
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Table 16: Land Use and Vegetation Cover (LUVC) of areas at risk in Gakenke District

Sector Name |Banan |Built- |Coffe |Degra|Dense |Minin [Season |Water |Grand
a up e ded |[forest |g/qua |nal body |Total
area forest rries |crops

BUSENGO 18 20 267 2| 2,244 4| 2,555
COKO 92 58| 120 92| 1,330 1| 3,134 41 | 4,867
CYABINGO 3 84 1 188 1,313 1,590
GAKENKE 120 49 48 79 475 1,953 6| 2,729
GASHENY!I 99 23 8 515 20| 2,080 7] 2,752
JANJA 89 40 272 1,783 2,184
KAMUBUGA 71 7 356 15| 2,613 3,061
KARAMBO 21 23 145 976 1| 1,166
KIVURUGA 18 23 13 230 1,997 2,280
MATABA 196 40 73 428 1,587 57| 2,380
MINAZI 104 6 54 | 115 951 2,502 53| 3,785
MUGUNGA 187 58 2 119 3 776 21| 1,165
MUHONDO 131 26 88 84 | 1,015 58 | 3,155 51| 4,609
MUYONGWE 79 7 10 23 453 2,110 5| 2,687
MUZO 155 29 15 302 2,163 6| 2,669
NEMBA 27 17 11 154 1,016 1,225
RULI 112 | 179 | 143 84 | 1,099 30| 2,469 45| 4,161
RUSASA 22 5 120 516 664
RUSHASHI 93 62 85 22 842 2,103 1] 3,208
Grand Total | 1566 | 819 | 556 | 621]9,261| 129 36,489 | 298| 49,738
% 3% 2% 1% 1%| 19% 0% 73% 1%| 100%

About existing erosion control practices in Gakenke district, Table 17 indicates that only 27% of land at risk
is protected by forests (9,651 hectares), contour bank terraces or progressive terraces with ditches (1,768
hectares), and bench terraces (2,246 hectares). Although still low, the highest protected sectors are
Kivuruga with 43% of its land at risk protected, Janja with 43% of its land at risk protected, followed by
Kamubuga where 37% of the total land at risk is protected (1,137 hectares) and Rushasi with 32% of land
protected. The least protected sectors are Muyongwe with only 18% protected, Mataba (only 19%
protected), Karambo (19%) and Mugunga, Nemba and Rusasa (22% protected). The visual interpretation
of World View images confirms earlier findings by CROM model that Cyabingo sector remains among the
sectors at very high risk of soil erosion since more than 30% of their respective land are not protected. It is
the same case for Muyongwe, Mataba and Karambo sectors which also remain at very high risk of soil
erosion since more than 70% of their respective land are not protected.
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Figure 15: Erosion control techniques in place in Gakenke District
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Table 17: Erosion control practices already in place in Gakenke District

Sector Erosion control in place Total Unprotecte Grand %
Name protected d (Ha) Total (Ha) | Protecte
Bench Contour | Forest (Ha) d
terraces | bank
terraces
KIVURUGA 367 363 248 978 1,302 2,280 43%
JANJA 575 85 276 936 1,248 2,184 43%
KAMUBUGA 58 633 446 1,137 1,924 3,061 37%
RUSHASHI 139 39 842 1,020 2,188 3,208 32%
MUZO 337 113 328 778 1,891 2,669 29%
COKO 9 25 1,397 3,469 4,867 29%
1,363
RULI 1,099 3,062 4,161 26%
1,100
MUHONDO 60 135 1,216 3,393 4,609 26%
1,021
MINAZI 13 4 951 967 2,818 3,785 26%
CYABINGO 202 9 188 399 1,191 1,590 25%
GASHENYI 95 576 671 2,081 2,752 24%
BUSENGO 261 78 277 616 1,940 2,555 24%
GAKENKE 88 17 510 615 2,115 2,729 23%
RUSASA 24 4 120 148 515 664 22%
NEMBA 14 16 243 273 951 1,225 22%
MUGUNGA 73 72 114 259 906 1,165 22%
KARAMBO 37 184 221 945 1,166 19%
MATABA 11 11 419 441 1,939 2,380 19%
MUYONGW 14 14 453 481 2,206 2,687 18%
E
Grand Total 36,083 27%
2,246 1,750 9,657 13,655 49,738

Erosion control practices in Gakenke district are recommended based on existing land uses, erosion control
measures already in place, and predicted erosion risk by CROM model. Table 18 shows that contour bank
terraces commonly known in Rwanda as progressive terraces are required for land on about 32,216
hectares (65% of the total land at risk) used for seasonal crops. Ditches are required on 951 hectares of
forest plantation currently without ditches. Hedgerows trees or shrubs are required to protect agricultural
land. Grassed waterways are missing on 822 hectares of bench terraces while agroforestry, hedgerows or
alley cropping is required on 3,190 hectares on steep slopes. Bamboo plantation is required to rehabilitate
475 hectares affected by gullies and river buffers, while storm water management facilities (SWMF) are
recommended for built-up areas of about 842 hectares (2% of the total risk areas). Hedgerows are needed
on 3,190 hectares of agricultural land. Afforestation and reforestation are required on extremely high risk
areas of about 725 hectares.
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Table 18: Recommended erosion control practices in Gakenke District

Affore |Agrofore [Bambo Water Zero
: Contour Grassed|Already e

Sector Name SR | ST ¢ ° . |bank Ditches |waterwa |Protect MRS tlllagglpe Grand

/ hedgero |plantati ng rennial |Total

terraces ys ed _

Refore |ws on facilities |[crops
BUSENGO 4 272 2 1,905 12 55 285 21 2,555
COKO 93 38 41 3,095 33 1,286 58 223 4,867
CYABINGO 1 211 1,108 183 84 1 1,590
GAKENKE 79 103 12 1,817 72 2 516 49 79 2,729
GASHENYI 20 11 7 2,012 54 79 521 23 26 2,752
JANJA 396 1,159 91 225 272 40 2,184
KAMUBUGA 27 565 1,872 167 345 71 13 3,061
KARAMBO 113 142 708 19 16 145 23 1,166
KIVURUGA 15 573 7 1,254 2 150 215 36 28 2,280
MATABA 71 15 57 1,562 175 9 419 40 30 2,380
MINAZI 141 14 53 2,459 48 903 6 161 3,785
MUGUNGA 5 130 24 653 85 114 58 97 1,165
MUHONDO 82 126 76 3,000 120 18 981 26 178 4,609
MUYONGWE 23 32 5 2,078 41 - 447 7 54 2,687
MUZO 15 365 6 1,670 68 76 334 29 107 2,669
NEMBA 11 30 996 3 154 25 5 1,225
RULI 114 7 42 2,458 80 5 890 179 386 4,161
RUSASA 28 487 18 121 5 4 664
RUSHASHI 22 160 1 1,922 28 20 844 62 148 3,208
Grand Total 725 3,190 475 | 32,216 951 822 | 8,976 842 1542 | 49,738
% 1.5% 6.4% 1%| 64.8%| 1.9% 1.7% 18% 1.7% 3.1% 100%
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Figure 16: Recommended erosion control practices in Gakenke District
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3.1.3. Erosion control status in Gicumbi District

Erosion risk in Gicumbi is summarised in Table 19 and presented in Figure 17. Erosion risk in Gicumbi
District is estimated to 46980 hectares; about 57% of the total district land are highly susceptible to erosion
of which 2074 hectares are located in Miyove sector (75% of sector land), 2892 hectares are located in
Nyamiyaga sector (75% of sector land), 2054 hectares are located in Manyagiro sector (69% of sector
land), 2176 hectares are located in Nyankenke (69% of the sector land), and 1067 hectares are found in
Rubaya sector about 66% of the sector land. The least sectors are Giti with 1470 hectares (41%), Kageyo
with 1351 hectares (43% of the sector land) susceptible to erosion, Cyumba with 998 hectares (44%), and

Bukure with 1806 hectares, about 46% of the total sector land.

Table 19: Erosion risk per sector in Gicumbi District

Sector Name Erosion risk Sector Percentag
Extreme | Very Moder | Grand land(ha) e(%)
ly High High High ate Total (Ha)
MIYOVE 33 457 733 851 2,074 2,783 75%
NYAMIYAGA 32 302 801 1,757 2,892 3,880 75%
MANYAGIRO 16 213 612 1,212 2,054 2,995 69%
NYANKENKE 27 110 913 1,127 2,176 3,174 69%
RUBAYA 2 101 190 773 1,067 1,622 66%
RUKOMO 34 245 2,843 3,123 5,108 61%
BYUMBA 52 214 612 2,030 2,908 4,896 59%
BWISIGE 111 164 435 2,072 2,782 4,730 59%
RUTARE 53 352 757 2,003 3,165 5,386 59%
SHANGASHA 26 82 348 1,468 1,924 3,285 59%
MUKARANGE 40 275 677 1,366 2358 4,045 58%
RUSHAKI 30 168 267 2,152 2,617 4,675 56%
MUTETE 8 331 606 2,207 3,152 5,654 56%
RWAMIKO 50 223 204 1,074 1,551 2,849 54%
MUKO 32 93 389 1,991 2,505 4,826 52%
RUVUNE 35 176 283 2,560 3,054 5,930 51%
KANIGA 16 200 501 1,237 1,954 3,926 50%
BUKURE 20 18 272 1,496 1,806 3,966 46%
CYUMBA 23 207 767 998 2,255 44%
KAGEYO 15 147 1,189 1,351 3,134 43%
GITI 21 71 177 1,200 1,470 3,603 41%
Grand Total 603 | 3.624 9.377 | 33,376 46,980 82,721 57%
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Figure 17: Erosion risk in Gicumbi District
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Land areas affected by erosive featuresin Gicumbi District are summarized in Table 18 and the map of
erosive features are presented in Figure 18. The results show that Rwamiko sector is the worst affected by
gullies on areas estimated to 606 hectares (39% of sector land at risk), followed by Bukure sector on 433
hectares (24% of sector land at risk), and Rutare sector on 712 hectares (22% of sector land at risk). The
presence of gullies in Rutare, Manyagiro, and Miyove sectors confirms the findings of CROM model;
however the reduced presence of gullies in Miyove (187ha) which was originally predicted by CROM model
as sector at high risk should not read that CROM model did not perform well in this sectors, but rather due
to the time of image acquisition, the erosive features could be observed or erosion control measures have
been already taken and therefore runoffs have been reduced, thus erosive features could not be formed in
this case. Further analysis will demonstrate that in Table 18 and 19. The least sectors affected by gullies
are Rushaki with only 63 hectares, Shangasha with only 78 hectares and Nyamiyaga with 115 hectares
(4%).

Table 20: Erosive features and areas affected in Gicumbi District

Sector Name Erosive feag?”res Severe Tl None (Ha) Eireme %

. . ) : Features Total | features

Gullies | Landslide | erosion | gullies

RWAMIKO 606 606 944 | 1551 39%
BUKURE 420 13 433 1373 | 1806 24%
RUTARE 688 5 14 5 712 2454 | 3165 22%
MUKO 521 521 1985 | 2505 21%
GITI 303 1 304 1166 | 1470 21%
MANYAGIRO 343 2 345 1709 | 2054 17%
NYANKENKE 238 116 355 1822 2176 16%
CYUMBA 123 24 148 850 998 15%
MUKARANGE 265 21 12 298 2061 | 2358 13%
RUBAYA 94 4 98 968 | 1067 9%
MIYOVE 162 6 20 187 1887 | 2074 9%
KAGEYO 89 6 96 1255 | 1351 7%
BYUMBA 200 200 2708 | 2908 7%
RUVUNE 209 209 2845 | 3054 7%
BWISIGE 160 160 2622 | 2782 6%
RUKOMO 175 175 2948 | 3123 6%
KANIGA 91 8 98 1856 | 1954 5%
MUTETE 144 5 150 3002 | 3152 5%
SHANGASHA 77 1 78 1846 1924 4%
NYAMIYAGA 115 115 2776 | 2892 4%
RUSHAKI 63 63 2554 2617 2%
Grand Total 5087 168 68 27 5350 41630 | 46980 11%
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Figure 18: Erosive features detected in Gicumbi District
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In term of land use and land cover for areas at risk in Gicumbi, the results of land cover mapping (Table 19
and Figure 19) show that 28,973 hectares (about 62% of the total land at risk) are used for crop cultivation,
10,780 hectares (23% of the total land at risk) are covered by dense forests and 5,606 hectares i.e. 12%
are used for built-up and settlement.

Table 21: Land Use and Vegetation Cover (LUVC) for land area at risk in Gicumbi District

Mining
Built- Co | Degra and Seaso
Bana | up ffe | ded Dense | Quarri | No | nal Water | Grand

Sector Name | na area e forest | forest | es ne |crops | Tea | body Total

BUKURE 9 98 8 111 227 1347 5 1806
BWISIGE 1 182 36 1176 10 | 1361 5 10 2782
BYUMBA 593 4 692 2| 1583 31 3 2908
CYUMBA 2 199 1 120 666 2 8 998
GITI 41 143 | 30 51 236 969 1470
KAGEYO 206 13 294 837 1351
KANIGA 319 2 5 376 1249 3 1954
MANYAGIRO 385 4 313 1] 1324 9 17 2054
MIYOVE 206 2 227 1618 1 20 2074
MUKARANGE 280 10 592 1420 54 1 2358
MUKO 16 190 | 19 83 641 2| 1546 8 2505
MUTETE 5 203 2 68 793 20 2045 14 3152
NYAMIYAGA 6 504 1 83 661 1 1624 13 2892
NYANKENKE 272 309 1579 9 7 2176
RUBAYA 236 198 628 5 1067
RUKOMO 360 3 59 931 1769 1 3123
RUSHAKI 303 19 953 1| 1304 36 2617
RUTARE 6 477 7 225 343 5 2094 8 3165
RUVUNE 144 1 68 1033 4 1795 8 3054
RWAMIKO 139 215 146 1047 5 1551
SHANGASHA 187 5 517 1168 46 1924
Grand Total 87 5626 | 74 1063 | 10780 26 | 20| 28973 | 197 134 | 46980
% 0% 12% | 0% 2% 23% 0% | 0% 62% | 0% 0% 100%
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Figure 19: Land Cover types in Gicumbi District
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About existing erosion control practices in Gicumbi district, only 38% of land at risk is protected by forests
(10,796 hectares), contour bank terraces or progressive terraces with ditches (2177 hectares), and bench
terraces (4817 hectares). Although still low, the highest protected sectors are Nyankenke with 73% (1581
hectares) of its land at risk protected, followed by Miyove where 68% (1409 hectares) of the total land at
risk is protected and Shangasha with 65% of land protected (1256 hectares). The least protected sectors
are Rwamiko with only 10% protected, Bukure (only 13% protected) and Rutare (13%). The visual
interpretation of World View images confirms earlier findings by CROM model that Rwamiko, Bukure,
Rutare and Cyumba sectors remain at very high risk of soil erosion since more than 80% of their respective
land are not protected

Table 22: Erosion control practices already in place in Gicumbi District

Sector Name Erosion control in place

Bench Contour Forest | Total Unprotected | Grand %

terraces | bank protected | (Ha) Total (Ha) | Protected

terraces (Ha)

NYANKENKE 1.273 309 1,581 595 2,176 73%
MIYOVE 1.089 93 227 1,409 665 2,074 68%
SHANGASHA 400 339 517 1,256 668 1,924 65%
BYUMBA 670 251 692 1,614 1,294 2,908 56%
KAGEYO 314 88 294 696 655 1,351 52%
BWISIGE 170 1,185 1,355 1,427 2,782 49%
MUKARANGE 140 335 592 1,067 1,291 2,358 45%
KANIGA 184 278 380 842 1,112 1,954 43%
RUSHAKI 27 61 953 1,041 1,575 2,617 40%
MANYAGIRO 196 281 313 790 1,264 2,054 38%
RUBAYA 159 12 198 369 697 1,067 35%
RUVUNE 2 1,033 1,036 2,018 3,054 34%
MUTETE 72 154 801 1,027 2,125 3,152 33%
RUKOMO 6 9 931 946 2,177 3,123 30%
MUKO 25 52 641 718 1,788 2,505 29%
NYAMIYAGA 12 52 661 725 2,167 2,892 25%
CYUMBA 31 77 120 227 770 998 23%
GITI 51 8 236 295 1,175 1,470 20%
RUTARE 12 74 340 425 2,740 3,165 13%
BUKURE 1 4 227 232 1,574 1,806 13%
RWAMIKO 6 146 152 1,399 1,551 10%
Grand Total 4,831 2,177 | 10,796 17,804 29,177 46,980 38%

Erosion control practices in Gicumbi District are recommended based on existing land uses, erosion control
measures already in place, and predicted erosion risk by CROM model. Table 21 shows that about 18,700
hectares (which is 40% of the total land at risk) are suitable for contour bank terraces or progressive
terraces, 5661 hectares are storm water management facilities or water harvesting infrastructures (SWMF)
and 1190 hectares are Afforestation & Reforestation. Others are Bench terraces (2905 hectares).
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Table 23: Recommended erosion control practices in Gicumbi District

Afforestation | Agrofores Bench Contour Water Gran
Sector Name ! . 37 Bambo_o terrace | bank Ditches | None harvestin Z_ero d

Reforestatio | hedgerow | plantation S tillage

n s s terraces g facilities Total
BUKURE 111 3 5 1 1344 227 98 18 | 1806
BWISIGE 39 177 12 130 1045 1185 187 6| 2782
BYUMBA 9 921 6 426 227 692 594 31| 2908
CYUMBA 3 110 8 121 433 120 199 4 998
GITI 55 66 33 866 236 143 71| 1470
KAGEYO 13 403 265 170 294 206 1351
KANIGA 10 465 77 703 380 314 5| 1954
MANYAGIRO 5 496 18 247 582 313 384 9| 2054
MIYOVE 5 1207 20 312 96 227 206 1| 2074
MUKARANGE 30 527 1 163 707 596 280 54 | 2358
MUKO 83 65 10 37 1432 653 190 35| 2505
MUTETE 99 245 14 271 1484 795 237 7| 3152
NYAMIYAGA 90 65 13 34 1518 661 504 7| 2892
NYANKENKE 1268 7 268 43 309 272 9| 2176
RUBAYA 4 172 5 320 131 198 238 1067
RUKOMO 68 15 1 1745 931 360 3| 3123
RUSHAKI 34 106 1 27 1155 953 303 36 | 2617
RUTARE 231 104 8 7 1983 343 476 13| 3165
RUVUNE 77 35 15 56 1693 1033 144 1| 3054
RWAMIKO 215 15 5 17 1014 5 140 139 1551
SHANGASHA 10 745 91 328 517 187 46 | 1924
Grand Total 1190 7209 149 2905 18700 5 10803 5661 358 | 46980
% 3% 15% 0% 6% 40% 0% 23% 12% 1% | 100%

Note: No-till agriculture is recommended for perennial crops on extremely high risk area while Storm water management facilities (SWMF) or water
harvesting infrastructure is recommended in built-up areas. None: means no-recommendation is provided because existing erosion control
measures are adequate with reference made to the total land protected. Contour banks are recommended for existing forest without ditches.
Bamboos are recommended to close gullies or for riverside buffers.
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Figure 20: Erosion control techniques in place in Gicumbi District
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Figure 21: Recommended erosion control practices in Gicumbi District
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3.1.4. Erosion control status in Musanze District

Erosion risk in Musanze is summarised in Table 22 and presented in figure 22. Erosion risk area is
estimated to 18880 hectares; about 37% of the total district land is highly susceptible to erosion of which
1215 hectares are located in Gashaki sector (94% of sector land), 1610 hectares are located in Remera
sector (70% of sector land), and 598 hectares are located in Gacaca sector (52% of the sector land). The
least sectors are Muko with only 48 hectares (2%) susceptible to erosion, Cyuve with 424 hectares (14%),
and Kimonyi with 231 hectares, about 14% of the total sector land. Compared to other Districts of the
Northern Province, Musanze District is the least affected by erosion risk.

Erosion risk in Musanze District
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Figure 22: Erosion risk in Musanze District

Table 24: Erosion risk per sector in Musanze District

Sector Name Erosion risk
Extremely Moderat | Grand Sector Percentag
High Very High | High e Total land(ha) e(%)
GASHAKI 35 280 417 483 1,215 1,299 94%
REMERA 15 161 326 1,108 1,610 2,298 70%
GACACA 30 245 694 598 1,567 2,987 52%
KINIGI 460 1,182 787 1,576 4,005 8,105 49%
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Sector Name Erosion risk

Extremely Moderat | Grand Sector Percentag

High Very High | High e Total land(ha) e(%)
RWAZA 2 12 92 963 1,068 2,776 38%
NYANGE 61 252 661 1,092 2,065 5,432 38%
BUSOGO 19 112 188 432 751 2,006 37%
MUHOZA 14 91 218 450 773 2,134 36%
SHINGIRO 252 456 419 716 1,844 5,341 35%
GATARAGA 131 363 465 633 1,593 5,053 32%
MUSANZE 18 58 60 924 1,060 3,377 31%
NKOTSI 3 63 80 353 499 2,432 21%
KIMONY!I 2 24 64 231 321 2,159 15%
CYUVE 13 23 424 459 3,377 14%
MUKO 48 48 1,940 2%
Grand Total 1,042 3,311 4,495 10,031 | 18,880 50,717 37%

Land areas at risk which are already affected by erosive features in Musanze

District are summarized in

Table 23 and the map of erosive features are presented in Figure 23. The entire District of Musanze is
reported as having rill erosion as the predominant erosion feature type, apart from Kinigi Sector which has
severe gullies in addition to rill erosion. The results show that Kinigi sector is also the worst affected by rill
erosion on areas estimated to 1,469 hectares followed by Musanze sector with 846 hectares affected,
Rwaza sector on 842 hectares, Cyuve sector on 342 hectares, and Remera sector on 967 hectares. The
presence of rill erosion in Rwaza, Cyuve, Musanze and Remera confirms the findings of CROM model. The
least sectors affected by rill erosion in Musanze District are Gataraga with 396 hectares, Shingiro with 588

hectares and Gashaki with 436 hectares. More details are presented in Table 25.

Table 25: Erosive features in Musanze District

Sector Name Erosive features

Rill erosion | Severe gullies | Total Features | None | Grand Total | % features
MUSANZE 846 846 214 1060 80%
RWAZA 842 842 227 1068 79%
CYUVE 352 352 108 459 7%
REMERA 967 967 643 1,610 60%
KIMONYI 183 183 137 321 57%
NKOTSI 268 268 231 499 54%
MUHOZA 387 387 386 773 50%
MUKO 23 23 25 48 49%
NYANGE 957 957 1,108 2,065 46%
BUSOGO 341 341 410 751 45%
KINIGI 1,469 129 1,598 2,408 4,005 40%
GACACA 566 566 1,001 1,567 36%
GASHAKI 436 436 779 1,215 36%
SHINGIRO 588 588 1,255 1,844 32%
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Erosive features

Sector Name

Rill erosion | Severe gullies | Total Features | None | Grand Total | % features
GATARAGA 396 396 1,197 1,593 25%
Grand Total 8,622 129 8,751 | 10,129 18,880 46%
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Figure 23: Erosive features detected in Musanze District

In term of land use and land cover of areas at risk in Musanze, the results of land cover mapping (Table 24
and Figure 24) show that 13,778 hectares (73% of the total land at risk) are used for seasonal cropping,
2084 hectares (11 % of the total land at risk) are covered by healthy forests and 2,950 hectares i.e. 16%

are covered by Built-up area.

Table 26: Land Use and Vegetation Cover (LUVC) for land area at risk in Musanze District
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Mining
Built- Degrad and Season
Ban | up ed Dense | Quarrie | al Water | Grand

Sector Name | ana | area forest | forest |s crops Tea | body Total

BUSOGO 107 170 469 6 751
CYUVE 150 39 270 459
GACACA 5 166 8 114 3 1,268 3 1,567
GASHAKI 15 107 134 957 2 1,215
GATARAGA 221 235 1,136 1,593
KIMONYI 5 64 252 321
KINIGI 632 337 3,036 4,005
MUHOZA 228 101 4 435 4 773
MUKO 7 24 4 13 48
MUSANZE 267 59 734 1,060
NKOTSI 1 16 6 115 361 499
NYANGE 250 184 1,629 2 2,065
REMERA 1 156 212 1,242 0 1,610
RWAZA 118 118 831 2 1,068
SHINGIRO 521 178 1 1,144 1,844
Grand Total 22 2,950 13 2,084 13 | 13,778 6 14 18,880
% 0% 16% 0% 11% 0% 73% 0% 0% 100%

54|Page




Landcover types in Musanze District
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Figure 24: Land cover and Land Use in Musanze District

About existing erosion control practices in Musanze district, only 26% of land at risk is protected by forests
(2084 hectares), contour bank terraces or progressive terraces with ditches (341 hectares), and bench
terraces (2560 hectares). Although still low, the highest protected sectors are Muko with 49% of its land at
risk protected (24 hectares), followed by Gashaki where 38% of the total land at risk is protected (464
hectares) and Musanze with 35% of land protected. The least protected sectors are Rwaza with only 11%
protected, Muhoza (13% protected), Gacaca (19%) and Shingiro (20% protected). The visual interpretation
of World View images confirms earlier findings by CROM model that Muko, Gashaki and Musanze sectors
remain at very high risk of soil erosion since more than 80% of their respective land are not protected

Table 27: Erosion control practices already in place in Musanze District

Sector Erosion control in place Total Unprotected | Grand | %
Name protected land (ha) Total Protected
land (ha
Bench terraces | Contour | Forest (ha)
bank
terraces
MUKO 24 24 24 48 49%
GASHAKI 153 177 134 464 751 1,215 38%
BUSOGO 91 170 261 491 751 35%
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Sector Erosion control in place Total Unprotected | Grand | %
Name protected land (ha) Total Protected
Bench terraces | Contour | Forest land (ha)

bank

terraces
MUSANZE 295 59 354 706 | 1,060 33%
GATARAGA 261 235 497 1,096 | 1,593 31%
KINIGI 858 20 337 1215 2,790 | 4,005 30%
NYANGE 432 184 617 1,449 | 2,065 30%
NKOTSI 28 2 115 145 354 499 29%
CYUVE 73 39 112 347 459 24%
REMERA 51 110 212 373 1,237 | 1,610 23%
KIMONYI 2 64 66 255 321 20%
SHINGIRO 167 179 345 1,499 | 1,844 19%
GACACA 148 30 114 292 1,275 | 1,567 19%
MUHOZA 103 103 670 773 13%
RWAZA 1 118 119 950 | 1,068 11%
Grand Total 2560 341 | 2086 4987 13,893 | 18,880 26%

Erosion control practices in Musanze District are recommended based on existing land uses, erosion
control measures already in place, and predicted erosion risk by CROM model. Table 26 shows that about
7248 hectares (which is 38% of the total land at risk) are suitable for hedgerows/Agroforestry, while 5996
hectares are suitable for contour bank terraces on agricultural land with seasonal crops, and Storm water
management facilities (SWMF) are recommended on 2956 hectares of built-up areas.
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Erosion Control Techniques in Musanze District
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Figure 25: Erosion control techniques in place in Musanze District
Table 28: Recommended erosion control practices in Musanze District
Sector Afforest|Agrofo [Bambo |Bench |Conto |Zero Water |Alread |Grand
Name ation/ |restry/|o terrace |ur tillage/ |harvesti|y Total
Refores |hedger [plantati |s bank |perenni |ng protec
tation |ows on terrace|al crops |facilities |ted
BUSOGO 271 198 6 107 170 751
CYUVE 94 176 150 39 459
GACACA 22 418 3 136 683 5 166 134 1567
GASHAKI 11 490 2 30 420 15 107 139 1215
GATARAGA 880 255 222 235 1593
KIMONYI 73 179 5 64 321
KINIGI 2182 138 555 632 498| 4005
MUHOZA 4 124 3 310 228 104 773
MUKO 4 13 7 24 48
MUSANZE 371 363 267 59 1060
NKOTSI 6 100 253 1 17 121 499
NYANGE 1143 2 487 252 181 2065
REMERA 349 0 891 1 156 214 1610
RWAZA 68 2 763 118 118 1068
SHINGIRO 685 450 522 187 1844
Grand Total 48| 7248 151 166 5996 28 2956| 2287| 18880
% 0.3%| 38.4% 0.8% 0.9%| 31.8% 0.1% 15.7%| 12.1%|100.0%
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Note: Grassed waterways are recommended for existing terraces which was made without waterways or
with but no grasses which can cause severe gullies and destruction of bench terraces created. No-till
agriculture is recommended is recommended for perennial crops on extremely high risk area while Storm
water management facilities (SWMF) or water harvesting infrastructure is recommended in built-up areas.
None: means no-recommendation is provided because existing erosion control measures are adequate
with reference made to the total land protected. Contour banks are recommended for existing forest without
ditches. Bamboos are recommended to close gullies or for riverside buffers.

Recommended Erosion Control Practices in Musanze District
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Figure 26: Recommended erosion control practices in Musanze District
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3.1.5. Erosion control status in Rulindo District

Erosion risk in Rulindo is summarised in Table 27 and presented in figure 27. Erosion risk area is estimated
to 38,344 hectares; i.e. 68% of the total district land is highly susceptible to erosion of which 2,847 hectares
are located in Rusiga Sector (89%), 3589 hectares are located in Mbogo sector (87%) and 2,891 hectares
are located in Cyinzuzi sector (86% of sector land). The least sectors (although still land at risk remains
high) Ntarabana with 1441 hectares susceptible to erosion (41%), Masoro with only 1296 hectares
susceptible to erosion (44% of sector land), and Base sector with 1409 hectares, about 49% of the total
sector land.

Table 29: Erosion risk per sector in Rulindo District

Sector Name Erosion risk Sector

Extremely | Very Grand land(ha | Percent

High High High Moderate | Total ) age(%)
RUSIGA 91 894 1141 722 2847 3194 89%
MBOGO 271 736 1676 902 3585 4104 87%
CYINZUZI 457 900 955 580 2891 3344 86%
BUSHOKI 267 1031 913 745 2956 3545 83%
SHYORONGI 149 839 983 1712 3682 4609 80%
CYUNGO 15 305 612 522 1454 1966 74%
TUMBA 93 459 896 1030 2478 3380 73%
BUREGA 175 572 625 955 2328 3231 72%
NGOMA 228 605 585 817 2235 3163 71%
RUKOZO 10 211 438 749 1408 1999 70%
KISARO 32 417 724 1241 2415 3797 64%
MURAMBI 35 557 534 657 1782 2946 61%
KINIHIRA 61 308 327 709 1405 2692 52%
BUYOGA 88 306 724 1613 2732 5391 51%
BASE 11 121 420 857 1409 2871 49%
MASORO 68 80 354 794 1296 2966 44%
NTARABANA 89 237 440 675 1441 3500 41%
Grand Total 2140 8578 12346 15280 38344 56699 68%

Land areas affected by erosive featuresin Rulindo District are summarized in Table 28 and the map of
erosive features are presented in Figure 28. The results show that Shyorongi sector is the worst affected
by gullies on an area estimated to 800 hectares 22% of sector land at risk) followed by Rukozo sector on
235 hectares (17% of sector land at risk), and Rusiga sector on 466 hectares (16% of sector land at risk).
The presence of gullies in Shyorongi, Rukozo, Rusiga, Cyinzuzi and Tumba sectors confirms the findings
of CROM model; however the reduced presence of gullies in Kisaro (131 ha) Ntarabana (61 ha) and Burega
(208 ha) which was originally predicted by CROM model as sector at high risk should not read that CROM
model did not perform well in this sectors, but rather due to the time of image acquisition, the erosive
features could be observed or erosion control measures have been already taken and therefore runoffs
have been reduced, thus erosive features could not be formed in this case.
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Table 30: Erosive features and land area affected in Rulindo District

Sector Name Erosive fe:itlllJres Severe ol None Creime &

: : : ) Features Total features

Gullies | Landslide | erosion | gullies

SHYORONGI 780 2 4 14 800 2883 3682 22%
RUKOZO 233 1 235 1174 1408 17%
RUSIGA 431 35 466 2381 2847 16%
TUMBA 390 390 2088 2478 16%
CYINZUZI 384 45 430 2461 2891 15%
BASE 109 95 204 1205 1409 14%
MBOGO 146 221 366 3218 3585 10%
BUREGA 208 208 2120 2328 9%
CYUNGO 79 45 124 1331 1454 9%
MURAMBI 124 1 125 1658 1782 7%
KINIHIRA 79 16 95 1310 1405 7%
BUYOGA 149 19 168 2564 2732 6%
KISARO 131 131 2283 2415 5%
NGOMA 99 99 2136 2235 4%
BUSHOKI 129 129 2827 2956 4%
NTARABANA 59 61 1380 1441 4%
MASORO 28 16 45 1251 1296 3%
Grand Total 3558 4 507 4075 34269 38344 11%

In term of land use and land cover of areas at risk in Rulindo, the results of land cover mapping (Table 29
and Figure 29) show that 25,710 hectares (67% of the total land at risk) are used for seasonal cropping,
9145 hectares (24% of the total land at risk) are covered by healthy forests and 2566 hectares i.e. 7% are
covered by Built-up and settlement, 221 hectares (1% of the total land at risk) are covered by Banana and
coffee is planted on an area on 228 hectares.

Table 31: Land Use and Vegetation Cover (LUVC) for land area at risk in Rulindo District

Built- Mining

Bana | up Cof | Degraded | Dense | conces | No Season Water | Grand
Sector Name | na area fee | forest forest | sion ne nal crops | Tea | body | Total
BASE 126 252 2 1016 10 2| 1409
BUREGA 87 24 521 5 1680 10 | 2328
BUSHOKI 1 169 37 500 3 2 2238 2 2| 2956
BUYOGA 129 37 764 12 1748 9 28 | 2732
CYINZUZI 25 97 25 4 824 20 1871 25 2891
CYUNGO 91 268 4 1091 0 1| 1454
KINIHIRA 152 231 1 1001 20 1405
KISARO 2 122 4 3 453 1 1810 3 17 2415
MASORO 23 285 11 478 20 433 45| 1296
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Built- Mining

Bana | up Cof | Degraded | Dense | conces | No Season Water | Grand
Sector Name | na area fee | forest forest | sion ne nal crops | Tea | body | Total
MBOGO 19 75 16 803 2663 9| 3585
MURAMBI 61 244 16 3 566 888 3] 1782
NGOMA 22 52 5 2 645 4 1490 15 | 2235
NTARABANA 7 117 14 501 12 775 14| 1441
RUKOZO 84 267 1021 34 2| 1408
RUSIGA 3 55 8 2 743 1 2030 4| 2847
SHYORONGI 51 612 7 853 2 2131 26 | 3682
TUMBA 71 55 477 49 1823 3| 2478
Grand Total 221 | 2566 | 228 50 | 9145 81 58 25710 78 207 | 38344
% 1% % | 1% 0% 24% 0% | 0% 67% | 0% 1% | 100%
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Erosion risk in Rulindo District
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Figure 27: Erosion risk in Rulindo District
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Erosion feature types in Rulindo District
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Figure 28: Erosive features detected in Rulindo District
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Landcover types in Rulindo District
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Figure 29: Land Use and Vegetation Cover for land at erosion risk in Rulindo District
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About existing erosion control practices in Rulindo district, Table 30 indicates that 51% of land at risk is
protected by forests (9132 hectares), contour bank terraces or progressive terraces with ditches (4,976
hectares), and bench terraces (5,304 hectares). The highest protected sectors are Kisaro with 74% of its
land at risk protected, followed by Tumba where 71% of the total land at risk is protected and Burega with
67% of land protected. The least protected sectors are Base with only 34% protected, Rusiga (35%
protected) and Ngoma Sector (37% protected. The visual interpretation of World View images confirms
earlier findings by CROM model that Shyorongi, Rusiga, Mbogo, Ngoma, Bushoki and Kinzuzi sectors
remain at very high risk of soil erosion since more than 60% of the sector land at risk are not protected.

Table 32: Erosion control practices already in place in Rulindo District

Sector Name Erosion control in place Total Grand %
Bench Contour | Forest protected |Unprotecte |Total (Ha) |Protecte
terraces [bank ¢ EUEERS e
terraces ()

KISARO 1,089 243 453 1,785 630 2,415 74%
TUMBA 715 561 477 1,753 725 2,478 71%
BUREGA 939 107 514 1,560 768 2,328 67%
BUYOGA 757 284 764 1,805 927 2,732 66%
NTARABANA 201 155 503 859 582 1,441 60%
MBOGO 411 625 803 1,838 1,747 3,585 51%
BUSHOKI 28 971 500 1,499 1,457 2,956 51%
CYINzUZI 233 402 822 1,458 1,433 2,891 50%
RUKOZO 224 141 267 632 776 1,408 45%
MASORO 64 478 542 754 1,296 42%
CYUNGO 195 141 268 604 851 1,454 42%
SHYORONGI 93 547 853 1,493 2,190 3,682 41%
MURAMBI 9 147 566 722 1,060 1,782 41%
KINIHIRA 227 105 231 563 842 1,405 40%
NGOMA 52 139 641 831 1,404 2,235 37%
RUSIGA 58 193 743 994 1,853 2,847 35%
BASE 74 159 252 485 924 1,409 34%
Grand Total 5,304 4,984 9,134 19,421 18,923 38,344 51%

Erosion control practices in Rulindo District are recommended based on existing land uses, erosion control
measures already in place, and predicted erosion risk by CROM model. Table 31 shows that about 12,424
hectares (which is 32% of the total land at risk) are suitable for Contour bank terraces, 11,555 hectares are
agroforestry/hedgerows and 1622 hectares are Bench terraces. Others are afforestation and reforestation
(264 hectares) and water harvesting facilities (2566 ha).
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Erosion Control Techniques in Rulindo District
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Figure 30: Erosion control techniques in place in Rulindo District
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Table 33: Recommended erosion control practices in Rulindo District

S Afforestation / | Agroforestry | Bamboo Bench Sl el . Zero Grand
AR Reforestation |/ hedgerows lantation | terraces SIS e hary_gstmg tillage Total
g p g
terraces facilities

BASE 8 244 4 33 733 252 126 10 1409
BUREGA 20 1182 10 109 374 521 87 25 2328
BUSHOKI 11 1024 2 80 1130 500 169 40 2956
BUYOGA 25 1237 28 259 240 764 129 51 2732
CYINZUZI 46 981 25 124 744 824 97 49 2891
CYUNGO 4 356 4 231 500 269 91 0 1454
KINIHIRA 346 30 626 231 152 20 1405
KISARO 6 1366 17 214 227 453 122 9 2415
MASORO 41 101 45 322 478 285 23 1296
MBOGO 13 1105 9 289 1254 804 75 36 3585
MURAMBI 10 201 11 673 566 244 78 1782
NGOMA 7 297 17 14 1170 651 52 28 2235
NTARABANA 30 377 12 106 285 506 117 7 1441
RUKOZO 373 2 647 268 84 34 1408
RUSIGA 23 291 6 77 1640 743 55 12 2847
SHYORONGI 20 769 26 1352 853 612 51 3682
TUMBA 2 1305 6 56 506 477 71 55 2478
Grand Total 264 11555 224 1622 12424 9160 2566 528 38344
% 1% 30% 1% 4% 32% 24% 7% 1% 100%

Note: Grassed waterways are recommended for existing terraces which was made without waterways or with but no grasses which can cause
severe gullies and destruction of bench terraces created. No-till agriculture is recommended is recommended for perennial crops on extremely high
risk area while Storm water management facilities (SWMF) or water harvesting infrastructure is recommended in built-up areas. None: means no-
recommendation is provided because existing erosion control measures are adequate with reference made to the total land protected. Contour
banks are recommended for existing forest without ditches. Bamboos are recommended to close gullies or for riverside buffers.
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Recommended Erosion Control Practices in Rulindo District
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Figure 31: Recommended erosion control practices in Rulindo District
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3.2. Erosion Control Status in Western Province

Erosion risk in Western Province is summarized in table 32 and presented in figure 32. The total land at
high risk of erosion in Western Province is about 261,542 hectares (54% of the total province land). The
highest amount of land at erosion risk are found in Ngororero with 58,003 hectares (i.e. 85% of the total
district land) followed by Rutsiro District with 48,143 hectares (73% of the district land) and Karongi with
57,187 hectares which is about 72% of the total district land. The least district susceptible to erosion is
Rusizi, where only 20% of its district land is at risk, about 18,212 hectares. The contribution of forests in
protecting fragile land in Western Province is evident, particularly the Nyungwe National park in Rusizi and
Nyamasheke districts as well as forest plantations in steep slopes in highlands of Western Province.

Table 34: Erosion risk per district in Western Province

- Erosion risk District

District Name | Extremel | Very Moderat | Grand land | Percent

y High High High e Total (Ha) age (%)
NGORORERO 8,112 16,146 | 17,417 | 16328 | 58,003 | 67,899 85%
RUTSIRO 8,203 16,422 | 11,737 | 11,782 | 48,143 | 65,995 73%
KARONGI 5,313 11,169 | 18,330 | 22,374 | 57,187 | 79,298 72%
NYABIHU 2,203 6,859 9472 | 11,172 | 29,706 | 52,958 56%
NYAMASHEKE 3,686 5,876 8,583 | 19,271 | 37,417 | 94,802 39%
RUBAVU 1,680 2,395 2,454 6,346 | 12,874 | 34,090 38%
RUSIZI 196 1,704 4,230 | 12,082 | 18,212 | 91,731 20%
Grand Total 29,392 60,571 | 72,223 | 99,355 | 261,542 | 486,773 54%
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Erosion Risk in Western Province
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Figure 32: Erosion risk in Western Province
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3.2.1. Erosion control status in Karongi District

Soil erosion risk in Karongi is summarised in Table 33 and presented in figure 33. Land area at risk is
estimated to 57,332 hectares; about 58% of the total district land. Murundi sector is the highest susceptible
to erosion with 5,674 hectares (89% of the sector land), followed by Gashari sector with 6086 hectares
(88% of sector land), Gitesi sector with 6477 hectares (86% of the sector land), Ruganda sector with 5210
hectares, 84% of the sector land and Murambi with 4385 hectares, which is 84% of the sector land. The
least affected sectors are Rubengera with 1402 hectares susceptible to erosion (about 35% of sector land),
and Twumba sector with 4600 hectares about 47% of the total sector land.

Erosion risk in Karongi District
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Figure 33: Erosion risk in Karongi District

Table 35: Erosion risk per sector in Karongi District

Erosion risk Perce-
Sector Name | Extremely | Very Grand District ntage
High High High Moderate | Total land(Ha) (%)
MURUNDI 723 959 2,550 1,442 5,674 6,342 89%
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Erosion risk Perce-

Sector Name | Extremely | Very Grand District ntage
High High High Moderate | Total land(Ha) (%)

GASHARI 457 1,551 1,987 2,091 6,086 6,931 88%
GITESI 885 1,693 1,905 1,994 6,477 7,568 86%
RUGANDA 377 878 1,545 2,409 5,210 6,183 84%
MURAMBI 321 908 1,737 1,418 4,385 5,246 84%
RWANKUBA 1,324 1,554 1,706 1,168 5,752 6,960 83%
MUBUGA 438 684 869 1,410 3,401 4,536 75%
GISHYITA 104 558 1,264 1,572 3,498 4,704 74%
RUGABANO 135 999 1,757 2,748 5,639 8,054 70%
BWISHYURA 195 324 696 1,314 2,529 4,217 60%
MUTUNTU 55 176 757 1,546 2,535 4,709 54%
TWUMBA 250 747 1,281 2,322 4,600 9,801 47%
RUBENGERA 48 138 276 940 1,402 4,044 35%
Grand Total 5,313 | 11,169 18,330 22,374 57,187 79,298 72%

Land areas affected by erosive features in Karongi District are summarized in Table 34 and the map of
erosive features are presented in Figure 34. The results show that Gashari sector is the worst affected by
gullies on areas estimated to 2265 hectares (37% of sector land at risk), followed by Gitesi sector on 1757
hectares (27% of sector land at risk), and Rugabano sector on 1376 hectares (24% of sector land at risk).
The presence of gullies in Gitesi, Gashari, Rugabano, and Ruganda sectors confirms the findings of CROM
model; however the reduced presence of gullies in Gishyita (75ha) which was originally predicted by CROM
model as sector at high risk should not read that CROM model did not perform well in this sectors, but
rather due to the time of image acquisition, the erosive features could be observed or erosion control
measures have been already taken and therefore runoffs have been reduced, thus erosive features could
not be formed in this case. Further analysis on current land use and erosion control practices already in
place (Table 34 & 35) will demonstrate that. The least sectors affected by gullies are Gishyita with only 75
hectares, Bwishyura with only 60 hectares and Murambi with 239 hectares affected by gullies.

Table 36: Erosive features and land area affected in Karongi District

Erosive features Total
Sector Name Rill Severe | Features ,\(llag)e C';I'roair;l(lj featoﬁ)res

Gullies | Landslide | erosion | gullies (Ha)
GASHARI 1757 23 463 22 2265 3821 6086 37%
GITESI 1739 13 6 1757 4719 6477 27%
RUGABANO 1259 3 13 101 1376 4263 5639 24%
RUGANDA 1004 4 183 1191 4019 5210 23%
RWANKUBA 1126 32 36 37 1231 4521 5752 21%
MURUNDI 747 747 4927 5674 13%
TWUMBA 68 5 22 399 495 4106 4600 11%
MUTUNTU 251 11 262 2273 2535 10%
RUBENGERA 98 2 2 4 107 1295 1402 8%
MUBUGA 217 6 223 3178 3401 7%
MURAMBI 236 3 239 4146 4385 5%
BWISHYURA 54 1 5 60 2469 2529 2%
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Erosive features Total
Sector Name Rill Severe FeAlLEs ’\(II(-)|2)e ('Bl'roatrz:*:I:i fea:{;)res
Gullies | Landslide | erosion | gullies (Ha)
GISHYITA 29 18 21 6 75 3423 3498 2%
Grand Total 8585 89 774 580 10027 47160 57187 18%

Erosion feature types in Karongi District
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Figure 34:

Erosive features detected in Karongi District
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In term of land use and land cover of areas at risk in Karongi, the results of land cover mapping (Table 35 and Figure 35) show that 34430 hectares
(64% of the total land at risk) are used for seasonal cropping, 13340 hectares (23% of the total land at risk) are covered by healthy forests and 1840
hectares (3% of the total area at risk) are covered by tea, 1636 hectares (3% of the total area at risk) are covered by Built-up area and 2100 hectares
are covered by Banana crop (4% of the total area at risk).

Table 37: Land Use and Land Cover (LUVC) of areas at risk in Karongi District

Built- Mining

up Degraded | Degraded | Dense | and Seasonal Water | Grand
Sector Name Banana | area Coffee | forest shrub forest | Quarries None | crops Tea | body | Total
BWISHYURA 369 309 68 876 2 2 889 2 14 2529
GASHARI 192 62 53 1403 2 4231 17 125 6086
GISHYITA 46 194 6 78 2 738 4 10 2399 21 3498
GITESI 501 113 148 1123 4222 324 46 6477
MUBUGA 153 280 1 60 496 4 6 2380 22 3401
MURAMBI 50 52 33 785 5 3413 46 4385
MURUNDI 227 61 29 1107 2 4184 66 5674
MUTUNTU 75 28 42 618 1516 | 239 17 2535
RUBENGERA 146 154 12 388 5 2 678 17 1402
RUGABANO 94 135 82 1458 3 3635 | 215 17 5639
RUGANDA 78 53 277 1512 5 3223 15 47 5210
RWANKUBA 10 125 1 95 1649 7 3174 605 79 5752
TWUMBA 160 71 13 189 1187 22 1 2487 | 422 48 4600
Grand Total 2100 | 1636 21 1165 2 | 13340 61 29 36430 | 1840 563 57187
% 4% 3% 0% 2% 0% 23% 0% 0% 64% 3% 1% 100%
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Landcover types in Karongi District
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Figure 35: Land cover types in Karongi District

About existing erosion control practices in Karongi district, Table 38 indicates that 26% of land at risk is
protected by forests (13,340 hectares), contour bank terraces or progressive terraces with ditches (514
hectares), bench terraces (880 hectares) and contour bank terraces (514 hectares). The highest protected
sectors are Rubengera with 50% of its land at risk protected, followed by Bwishyura where 37% of the total
land at risk is protected and Ruganda with 32% of land protected. The least protected sectors are Mubuga
with only 15% protected, Gitesi (only 18% protected), Murambi (19%) and Gishyita (21% protected). The
visual interpretation of World View images confirms earlier findings by CROM model that Mubuga, Gitesi,

Murundi and Murambi sectors remain at very high risk of soil erosion since more than 70% of the sector
land at risk are not protected.
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Erosion Control Techniques in Karongi District
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Figure 36: Erosion control techniques in place in Karongi District

Table 38: Erosion control practices already in place in Karongi District

Sector Name Erosion control in place Total Unprotected Grand %
Bench Contour | Forest pro(theac‘:)ted (ha) Total protected
terraces | bank

terraces

RUBENGERA 278 32 388 698 705 1,402 50%

BWISHYURA 1 876 877 1,652 2,529 35%

RUGANDA 128 3 1,512 1,644 3,566 5,210 32%

RWANKUBA 25 114 1,649 1,788 3,963 5,752 31%

RUGABANO 187 74 1,458 1,718 3,921 5,639 30%

TWUMBA 46 87 1,188 1,322 3,279 4,600 29%

MUTUNTU 36 29 618 683 1,852 2,535 27%

GASHARI 78 17 1,403 1,499 4,587 6,086 25%

MURUNDI 76 75 1,107 1,258 4,416 5,674 22%
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Sector Name Erosion control in place Total Unprotected Grand %

Bench Contour | Forest protected (ha) Total protected

(ha)
terraces | bank
terraces

GISHYITA 2 738 740 2,758 3,498 21%
MURAMBI 13 33 785 831 3,554 4,385 19%
GITESI 15 47 1,123 1,185 5,292 6,477 18%
MUBUGA 1 494 495 2,905 3,401 15%
Grand Total 884 514 13,340 14,738 42,449 57,187 26%
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Erosion control practices in Karongi District are recommended based on existing land uses, erosion control measures already in place, and predicted
erosion risk by CROM model. Table 37 shows that about 32648 hectares (which is 53% of the total land at risk) are suitable for Contour bank
terraces, 2,705 hectares are cropland that needs agroforestry/hedgerows and 1361 hectares are reforestation7afforestation. Others are riverbanks
amounting to 1033 hectares eroded which require bamboo trees for rehabilitation, ditches (684 hectares), bench terraces (330 hectares) and water
harvesting infrastructures (1637 hectares).

Table 39: Recommended erosion control practices in Karongi District

Qrf]fcl)restatl Agroforestr Bambo_o Bench ?82:]?(” Ditche Grassed | Already x\;?t/eerstin Zero Grand
Sector Name y/ plantatio | terrace waterway | protecte ;

_Reforestat hedaerows | n S terrace | s S d g tillage | Total

ion 9 s facilities
BWISHYURA 74 42 15 842 876 309 370 2529
GASHARI 67 79 125 5 4110 111 26 1336 62 165 6086
GISHYITA 103 59 32 2313 745 194 52 3498
GITESI 149 19 55 4171 347 20 1123 113 479 6477
MUBUGA 71 257 22 2120 1 496 280 154 3401
MURAMBI 38 207 46 9 3193 4 785 52 50 4385
MURUNDI 41 646 66 28 3490 1 1115 61 227 5674
MUTUNTU 51 67 17 20 1420 618 28 314 2535
RUBENGERA 22 317 21 36 317 388 154 146 1402
RUGABANO 113 269 21 32 3299 86 1376 135 309 5639
RUGANDA 289 180 72 161 2811 40 1512 53 93 5210
RWANKUBA 121 454 80 23 2666 2 3 1661 125 616 5752
TWUMBA 223 111 460 16 1896 92 37 1187 71 505 4600
Grand Total 1363 2705 1033 330 32648 684 89 13219 1637 3480 | 57187
% 2% 5% 2% 1% 57% 1% 0% 23% 3% 6% | 100%

Note: Grassed waterways are recommended for existing terraces (see Table 10) which was made without waterways or with but no grasses which
can cause severe gullies and destruction of bench terraces created. No-till agriculture is recommended is recommended for perennial crops on
extremely high risk area while Storm water management facilities (SWMF) or water harvesting infrastructure is recommended in built-up areas.
None: means no-recommendation is provided because existing erosion control measures are adequate with reference made to the total land
protected. Contour banks are recommended for existing forest without ditches. Bamboos are recommended to close gullies or for riverside buffers.

78|Page



Recommended Erosion Control Practices in Karongi District
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Figure 37: Recommended erosion control practices in Karongi District
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3.2.2. Erosion control status in Ngororero District

Soil erosion risk in Ngororero is summarised in Table 38 and presented in Figure 38. Land area at risk is
estimated to 58003 hectares; about 85% of the total district land. Muhororo sector is the highest susceptible
to erosion with 3577 hectares (96% of the sector land), followed by Bwira sector with 3688 hectares (95%
of sector land), Ndaro sector with 5115 hectares (93% of the sector land), Hindiro and Kabaya sectors with
92% of the sector land (3223 hectares and 4566 hectares respectively). The least affected sectors (but still
high) are Matyazo with 2880 hectares susceptible to erosion (about 71% of sector land), and Muhanda
sector with 7861 hectares about 73% of the total sector land. Compared to other Districts of the Western

Province, Ngororero is the worst affected by erosion risk.

Table 40: Erosion risk per sector in Ngororero District

Erosion risk
Sector Name Extremel | Very Moderat | Grand District | Percentag
y High High High e Total land(Ha) e (%)
MUHORORO 427 1,096 1,496 558 3,577 3,721 96%
BWIRA 640 1,165 1,351 532 3,688 3,862 95%
NDARO 1,372 2,027 1,306 410 5,115 5,516 93%
HINDIRO 77 155 783 2,209 3,223 3,500 92%
KABAYA 154 817 2,087 1,508 4,566 4,983 92%
SOvU 1,941 1,844 962 194 4,940 5,463 90%
KAGEYO 300 1,179 1,634 1,529 4,642 5,183 90%
GATUMBA 506 1,147 1,183 1,044 3,881 4,388 88%
KAVUMU 1,055 2,346 1,061 523 4,985 5,649 88%
NYANGE 719 1,474 1,561 843 4,598 5,406 85%
NGORORERO 182 550 1,109 2,206 4,047 5,324 76%
MUHANDA 636 2,098 2,345 2,783 7,861 10,836 73%
MATYAZO 102 249 540 1,989 2,880 4,068 71%
Grand Total 8,112 | 16,146 | 17,417 16,328 | 58,003 67,899 85%

80|Page




Land areas affected by erosive featuresin Ngororero District as reflected on World View images are
summarized in Table 39 and the map of erosive features are presented in Figure 39. The results show that
Gatumba sector is the worst affected by gullies on areas estimated to 167 hectares (4% of sector land at
risk), followed by Ndaro sector on 186 hectares (4% of sector land at risk), and Muhororo sector on 125
hectares (3% of sector land at risk). The presence of gullies in Muhanda, Gatumba, Ndaro, and Muhororo
sectors confirms the findings of CROM model; however the reduced presence of gullies in Kabaya (20ha)
and Hindiro (30 ha) which was originally predicted by CROM model as sector at high risk should not read
that CROM model did not perform well in this sectors, but rather due to the time of image acquisition, the
erosive features could be observed or erosion control measures have been already taken and therefore
runoffs have been reduced, thus erosive features could not be formed in this case. Further analysis will
demonstrate that in Table 39 and 40. The least sectors affected by gullies are Sovu with only 16 hectares,
Kabaya with only 22 hectares and Nyange with 34 hectares affected by gullies.

Table 41: Erosive features and land area affected in Ngororero District

Erosive features Total
Sector Name Rill Severe | Features I\(lag)e C_El_roa;r;? fea:ﬁ)res

Gullies | Landslide | erosion | gullies (Ha)
GATUMBA 76 15 75 167 3715 3881 4%
NDARO 25 6 154 186 4929 5115 4%
MUHORORO 26 33 66 125 3452 3577 3%
MATYAZO 77 9 86 2794 2880 3%
NGORORERO 57 22 2 80 3967 4047 2%
KAGEYO 39 7 12 9 67 4575 4642 1%
BWIRA 29 8 3 13 52 3636 3688 1%
KAVUMU 67 3 69 4915 4985 1%
HINDIRO 25 2 3 30 3193 3223 1%
MUHANDA 35 3 33 71 7790 7861 1%
NYANGE 14 20 34 4564 4598 1%
KABAYA 22 22 4544 4566 0%
SOVU 10 4 2 16 4924 4940 0%
Grand Total 501 98 31 375 1005 56998 | 58003 2%
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In term of land use and land cover of areas at risk in Ngororero District, the results of land cover mapping (Table 40 and Figure 40) show 36382
hectares (63% of the total land at risk) are used for seasonal cropping, 8422 hectares (15% of the total land at risk) are covered by healthy forests,
3825 hectares (7% of the total land at risk) are covered by built-up area and 1622 hectares are covered by Banana crop. To be noted that tea is
covering an area of 3622 hectares, i.e 6% of the land at risk.

Table 42: Land Use and Vegetation Cover (LUVC) of areas at risk in Ngororero District

Mining

Built- and Pasture

up Degraded | Dense | Quarrie | Bare | or prairie | Seasona Water Grand
Sector Name | Banana | area Coffee | forest forest | s soil grass | crops Tea | body Total
BWIRA 28 145 3 92 632 9 16 2517 11 234 3688
GATUMBA 110 395 94 486 129 2474 193 3881
HINDIRO 38 256 5 4 444 12 4 2339 5 116 3223
KABAYA 441 4 744 2 3058 205 112 4566
KAGEYO 23 227 7 24 721 15 3330 112 183 4642
KAVUMU 12 296 32 670 5 11 3561 260 139 4985
MATYAZO 576 100 391 1731 83 2880
MUHANDA 381 69 1159 60 101 2932 | 2783 377 7861
MUHORORO 150 139 19 427 47 2653 142 3577
NDARO 202 238 290 849 6 134 3111 284 5115
NGORORERO 277 446 7 31 455 2 29 3 2589 209 4047
NYANGE 206 544 6 363 647 34 2637 162 4598
SOvU 3 217 26 797 14 3451 247 186 4940
Grand Total 1622 3825 28 1047 8422 94 536 3 36382 | 3622 2421 58003
% 3% 7% 0% 2% 15% 0% 1% 0% 63% 6% 4% 100%
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Erosion risk in Ngororero District
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Figure 38: Erosion risk in Ngororero District
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Erosion feature types in Ngororero District
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Figure 39: Erosive features detected in Ngororero District
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Landcover types in Ngororero District
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Figure 40: Land cover types in Ngororero District
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About existing erosion control practices in Ngororero district, Table 41 shows that only 20% of land at risk
is protected by forests (8440 hectares), contour bank terraces or progressive terraces with ditches (87
hectares), and bench terraces (3226 hectares). The highest protected sectors are Sovu with 32% of its land
at risk protected, followed by Kabaya where 28% of the total land at risk is protected and Bwira with 24%
of land protected. The least protected sectors are Ngororero with only 13% protected, Matyazo (only 14%
protected), Gatumba (15%) and Hindiro (16% protected). The visual interpretation of World View images
confirms earlier findings by CROM model that Muhanda, Matyazo, Ngororero and Gatumba sectors remain
at very high risk of soil erosion since more than 80% of the sector land at risk are not protected.

Table 43: Erosion control practices already in place in Ngororero District

Erosion control in place
Total Grand %
Sector Name Bench bC::IEOUr protected None Total Protected
terraces | terraces Forest
SOovU 798 800 1598 | 3342 4940 32%
KABAYA 539 2 744 1285 | 3280 4566 28%
BWIRA 240 637 876 | 2812 3688 24%
NYANGE 324 27 647 998 | 3600 4598 22%
MUHORORO 319 11 427 757 2820 3577 21%
KAGEYO 230 721 951 | 3692 4642 20%
NDARO 144 23 852 1020 | 4095 5115 20%
MUHANDA 231 1159 1390 | 6471 7861 18%
KAVUMU 164 677 840 4144 4985 17%
HINDIRO 61 17 444 523 2700 3223 16%
GATUMBA 92 6 486 584 | 3297 3881 15%
MATYAZO 23 391 413 | 2467 2880 14%
NGORORERO 62 455 516 | 3531 4047 13%
Grand Total 3226 87 8440 11752 | 46251 58003 20%
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Erosion control practices in Ngororero District are recommended based on existing land uses, erosion control measures already in place, and
predicted erosion risk by CROM model. Table 42 shows that about 19748 hectares (which is 34% of the total land at risk) are suitable for Contour
bank terraces, 10,668 hectares are bench terraces (18% of the total land at risk) and 5428 hectares are Agroforestry/hedgerows. Others are gullies
or riverbanks amounting to 3181 hectares eroded which require bamboo trees for rehabilitation, Afforestation & Reforestation (1339 hectares), and
Storm water management facilities (SWMF) (3879 hectares).

Table 44: Recommended erosion control practices in Ngororero District

Afforestatio Contour _ Water _ Zer0

n/ Agroforestry | Bamboo Bench Ditche harvestin : Grand
Sector Name . : bank None tillag

Reforestati | / hedgerows | plantation terraces S g Total

on terraces facilities | ©
BWIRA 116 506 292 552 1402 632 145 42 3688
GATUMBA 95 208 360 113 2113 486 395 110 3881
HINDIRO 30 124 130 589 1602 444 256 48 3223
KABAYA 20 646 127 1688 682 13 745 441 205 4566
KAGEYO 34 343 209 1197 1768 721 229 142 4642
KAVUMU 51 409 165 2239 881 670 296 274 4985
MATYAZO 59 87 234 1434 391 100 576 2880
MUHANDA 158 308 447 1151 1455 13 1159 381 2790 7861
MUHORORO 23 419 280 789 1337 12 427 139 150 3577
NDARO 338 505 445 408 2130 849 238 202 5115
NGORORERO 41 111 244 495 1949 13 455 455 284 4047
NYANGE 378 672 188 307 1649 647 544 213 4598
SOVU 55 1117 207 907 1348 797 260 249 4940
Grand Total 1339 5428 3181 10668 19748 51 8423 3879 | 5285 58003
% 2% 9% 5% 18% 34% 0% 15% 7% 9% 100%

Note: Grassed waterways are recommended for existing terraces which was made without waterways or with but no grasses which can cause
severe gullies and destruction of bench terraces created. No-till agriculture is recommended is recommended for perennial crops on extremely high
risk area while Storm water management facilities (SWMF) or water harvesting infrastructure is recommended in built-up areas. None: means no-
recommendation is provided because existing erosion control measures are adequate with reference made to the total land protected. Contour
banks are recommended for existing forest without ditches. Bamboos are recommended to close gullies or for riverside buffers.
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Erosion Control Techniques in Ngororero District

e =
AT AZ O
' -;""l\
e
#l I.

'] b ?
HINDIRG -

.‘" 3
RPN KIBANGUE:
sl o - 3
> ;
e
"

MUHGROROE S

-

P

—

L
gt

- K "RU GEN DABARI
i,_. j Districts boundaries r w ' §
[ ] secter boundary J IRA GATU MBA > '.'
Erosion control technigues ._.'

- Bamboo plantation

- Bench terraces

Contour bank terraces

- Forest

Grass ed waterways

Hedgerows trees or shrubs

- Savannah
Shrub
B ne
0 5 10 A
I 0000 km

Figure 41: Erosion control techniques in place in Ngororero District
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Recommended Erosion Control Practices in Ngororero District
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Figure 42: Recommended erosion control practices in Ngororero District
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3.2.3. Erosion control status in Nyabihu District

Soil erosion risk in Nyabihu is summarised in Table 43 and presented in Figure 43. Land area at risk is
estimated to 29706 hectares; about 56% of the total district land. Rurembo sector is the highest susceptible
to erosion with 3123 hectares (78% of the sector land), followed by Jomba sector with 2600 hectares (74%
of sector land), Rambura sector with 4198 hectares (73% of the sector land), Muringa sector with 5307
hectares, 71% of the sector land, Kintobo sector with 1804 hectares (71% of the sector land) and Karago
sector with 2343 hectares (64% of the sector land). The least affected sectors are Kabatwa with 1501
hectares susceptible to erosion (about 29% of sector land), and Bigogwe sector with 1464 hectares about

31% of the total sector land.

Table 45: Erosion risk per sector in Nyabihu District

Erosion risk
Sector Name | Extremely | Very Grand District Percentage
High High High Moderate | Total land(Ha) (%)

RUREMBO 202 756 1034 1131 3123 4006 78%
JOMBA 52 406 804 1339 2600 3506 74%
RAMBURA 236 | 1064 1573 1325 4198 5726 73%
MURINGA 934 | 2151 1276 946 5307 7473 71%
KINTOBO 144 399 624 637 1804 2813 64%
KARAGO 114 441 993 795 2343 3679 64%
RUGERA 167 542 958 689 2355 4117 57%
SHYIRA 27 92 539 976 1635 3378 48%
MUKAMIRA 42 280 525 791 1638 3436 48%
JENDA 12 84 415 1224 1736 4814 36%
BIGOGWE 180 303 276 706 1464 4773 31%
KABATWA 93 342 454 612 1501 5235 29%
Grand Total 2203 | 6859 9472 11172 | 29706 52958 56%
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Erosion risk in Nyabihu District
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Figure 43: Erosion risk in Nyabihu District
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Land areas affected by erosive featuresin Nyabihu District are summarized in Table 44 and the map of
erosive features are presented in Figure 44. The results show that Muringa sector is the worst affected by
gullies and rill erosion on areas estimated to 964 hectares (18% of sector land at risk), followed by Rurembo
sector on 559 hectares (18% of sector land at risk), and Jomba sector on 150 hectares (6% of sector land
at risk). The presence of gullies and rill erosion in Muringa, Rurembo, Jomba, Kintobo and Rambura sectors
confirms the findings of CROM model; however the reduced presence of gullies in Mukamira (2ha) and
Bigogwe (13 ha) and the absence of erosive features in Kabatwa and Jenda which was originally predicted
by CROM model as sector at high risk should not read that CROM model did not perform well in this sectors,
but rather due to the time of image acquisition, the erosive features could be observed or erosion control
measures have been already taken and therefore runoffs have been reduced, thus erosive features could
not be formed in this case. The least sectors affected by gullies and rill erosion are Kabatwa (0 hectare),
Jenda (0 hectare), Mukamira with only 1 hectares and Bigogwe with 13 hectares affected by gullies.

Table 46: Erosive features and areas affected in Nyabihu District

Erosive features Total
Sector Name Rill Severe Features MOAE Crengl i

. ) . § (Ha) Total | features

Gullies | Landslide | erosion | gullies (Ha)
MURINGA 273 5 518 169 964 4343 5307 18%
RUREMBO 116 367 76 559 2565 3123 18%
JOMBA 16 2 132 150 2449 2600 6%
RAMBURA 46 6 35 53 140 4058 4198 3%
KINTOBO 6 25 7 38 1766 1804 2%
RUGERA 19 28 47 2308 2355 2%
SHYIRA 6 20 6 32 1603 1635 2%
KARAGO 6 2 3 16 27 2316 2343 1%
BIGOGWE 5 3 6 13 1451 1464 1%
MUKAMIRA 1 1 1637 1638 0%
JENDA 0 1736 1736 0%
KABATWA 0 1501 1501 0%
Grand Total 494 18 1128 333 1973 27733 | 29706 7%
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Figure 44: Erosive features detected in Nyabihu District
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In term of land use and land cover of areas at risk in Nyabihu District, the results of land cover mapping
(Table 45 and Figure 45) show 20682 hectares (70% of the total land at risk) are used for seasonal
cropping, 3300 hectares (16% of the total land at risk) are covered by healthy forests, 1642 hectares (6%
of the total land at risk) are covered by built-up area. To be noted that banana is covering an area of 413
hectares (1% of the total land at risk) and that tea is covering an area of 2094 hectares 7% of the land at
risk.

Table 47: Land Use and Vegetation Cover (LUVC) of areas at risk in Nyabihu District

Pastu

Buil Den | Mining re or Wat | Gran

t-up | Degrad | se and prairi | Seaso er d
Sector Bana |are | ed fore | Quarri | Non |e nal bod | Tota
Name na a forest st es e grass | crops Tea | y I
BIGOGW
E 171 30 96 19 939 | 209 1464
JENDA 80 45 0 3 1608 0| 1736
JOMBA 37 96 3| 439 1 1990 34 | 2600
KABATW
A 126 18 1357 1501
KARAGO 107 2| 205 28 7 1945 | 30 20 | 2343
KINTOB
o] 95 26 | 344 3 23 1287 | 17 9| 1804
MUKAMI
RA 141 6| 154 63 1265 8 0| 1638
MURING
A 338 38| 517 10 258 342 2762 | 961 81 | 5307
RAMBUR
A 150 85| 577 80 49 2379 | 852 26 | 4198
RUGERA 22 | 110 63 | 277 14 1846 6 19 | 2355
RUREMB
0 192 | 143 90 | 362 11 73 2219 5 30 | 3123
SHYIRA 161 85 5| 266 3 1086 7 21 | 1635
Grand 164 209 2970
Total 413 2 349 | 3300 25 564 397 | 20682 4| 241 6

100

% 1% | 6% 1% | 11% 0% 2% 1% 70% | 7% 1% %
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Figure 45: Land cover types in Nyabihu District
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About existing erosion control practices in Nyabihu district, Table 46 shows that only 30% of land at risk is
protected by forests (3362 hectares), contour bank terraces or progressive terraces with ditches (226
hectares), and bench terraces (5342 hectares). The highest protected sectors are Rambura with 48% of its
land at risk protected, followed by Kabatwa where 36% of the total land at risk is protected and Muringa
with 35% of land protected. The least protected sectors are Rugera with only 13% protected, Rurembo
(only 14% protected), Shyira (22%) and Jomba (23% protected). The visual interpretation of World View
images confirms earlier findings by CROM model that Jenda, Rugera, Rurembo and Kabatwa sectors
remain at very high risk of soil erosion since more than 70% of the sector land at risk are not protected.

Table 48: Erosion control practices already in place in Nyabihu District

Erosion control in place

Contour %
Sector Name Bench bank Total Grand Protect

terraces | terraces Forest protected None Total ed
RAMBURA 1448 577 2025 2173 4198 48%
KABATWA 522 18 540 961 1501 36%
MURINGA 1126 149 578 1853 3454 5307 35%
MUKAMIRA 416 154 570 1069 1638 35%
BIGOGWE 409 96 505 959 1464 34%
KINTOBO 222 21 346 589 1214 1804 33%
KARAGO 543 12 197 752 1592 2343 32%
JOMBA 153 4 439 596 2004 2600 23%
JENDA 337 3 51 390 1346 1736 22%
SHYIRA 59 35 266 360 1275 1635 22%
RUREMBO 73 3 363 439 2685 3123 14%
RUGERA 35 277 312 2043 2355 13%
Grand Total 5344 226 3362 8931 20774 29706 30%

Erosion control practices in Nyabihu District are recommended based on existing land uses, erosion control
measures already in place, and predicted erosion risk by CROM model. Table 47 shows that about 11626
hectares (which is 39% of the total land at risk) are suitable for Contour bank terraces, 7701 hectares are
hedgerows and cropland that need agroforestry/alley cropping, Afforestation & Reforestation (1013
hectares). Others are Storm water management facilities (SWMF) (1650 hectares), gullies or riverbanks
amounting to 716 hectares eroded which require bamboo trees for rehabilitation, and contour banks (338
hectares).
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Figure 46: Erosion control techniques in place in Nyabihu District
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Table 49: Recommended erosion practices in Nyabihu District

Af_forest adieiel Contour : Grassed Silvo Water
Sector ation / estry / Bambolo Bench bank Ditch waterwa | None | pastora | harvesting Zgro Grand
Name Reforest | hedger | plantation | terraces es . e tillage | Total

ation OWS terraces ys lism facilities
BIGOGWE 37 448 7 55 441 97 171 209 1464
JENDA 27 406 0 5 1132 31 55 80 1736
JOMBA 13 426 46 90 1452 9 430 96 37 2600
KABATWA 18 654 427 259 18 126 1501
KARAGO 17 825 40 12 1088 19 197 7 107 30 2343
KINTOBO 125 452 22 63 682 2 346 95 17 1804
MUKAMIRA 41 530 27 707 30 154 141 8 1638
MURINGA 291 1390 292 75 1048 17 33 529 342 340 949 5307
RAMBURA 154 1530 116 15 734 7 585 49 156 852 4198
RUGERA 110 281 44 9 1493 282 110 28 2355
RUREMBO 169 619 90 1544 362 143 197 3123
SHYIRA 10 140 30 57 878 266 85 168 1635
Grand Total 1013 7701 716 380 11626 367 41| 3320 397 1650 2495 | 29706
% 3% 26% 2% 1% 39% 1% 0% 11% 1% 6% 8% 100%

Note: Grassed waterways are recommended for existing terraces which was made without waterways or with but no grasses which can cause
severe gullies and destruction of bench terraces created. No-till agriculture is recommended is recommended for perennial crops on extremely high
risk area while Storm water management facilities (SWMF) or water harvesting infrastructure is recommended in built-up areas. None: means no-
recommendation is provided because existing erosion control measures are adequate with reference made to the total land protected. Contour
banks are recommended for existing forest without ditches. Bamboos are recommended to close gullies or for riverside buffers.
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Figure 47: Recommended erosion control practices in Nyabihu District
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3.2.4. Erosion control status in Nyamasheke District

Soil erosion risk in Nyamasheke is summarised in Table 48 and presented in Figure 48. Land area at risk
is estimated to 37417 hectares; about 39% of the total district land. Mahembe sector is the highest
susceptible to erosion with 3921 hectares (73% of the sector land), followed by Kanjongo sector with 3003
hectares (62% of sector land), Macuba sector with 3207 hectares (61% of the sector land), and Gihombo
sector with 3269 hectares, 60% of the sector land. The least affected sectors are Karengera sector with
1256 hectares about 22% of the total sector land, Nyabitekeri with only 716 hectares susceptible to erosion

(23% of sector land) and Kagano sector with 1042 hectares (23% of the sector land).

Table 50: Erosion risk per sector in Nyamasheke District

Erosion risk
Sector Name Extremely | Very Grand District | Percentage
High High High Moderate | Total land(Ha) (%)
MAHEMBE 201 355 1404 1961 3921 5381 73%
KANJONGO 137 603 862 1402 3003 4881 62%
MACUBA 85 447 802 1873 3207 5239 61%
GIHOMBO 67 328 716 2158 3269 5488 60%
KARAMBI 1185 | 1107 1286 769 4347 7956 55%
KIRIMBI 206 416 654 905 2182 4034 54%
BUSHENGE 23 98 279 1271 1670 3183 52%
RUHARAMBUGA 37 167 297 1743 2244 6181 36%
SHANGI 11 85 249 799 1144 3444 33%
CYATO 1350 | 1539 903 1179 4972 17369 29%
BUSHEKERI 176 330 512 1538 2557 10301 25%
RANGIRO 186 292 294 1113 1885 8084 23%
KAGANO 20 20 102 900 1042 4516 23%
NYABITEKERI 2 35 86 594 717 3156 23%
KARENGERA 54 137 1066 1256 5589 22%
Grand Total 3686 | 5876 8583 19271 37417 94802 39%
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Figure 48: Erosion risk in Nyamasheke District
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Erosive features are clearly observed on World View images. Land areas affected by erosive features in
Nyamasheke District are summarized in Table 49 and the map of erosive features are presented in Figure
49. The results show that Cyato sector is the worst affected by rill erosion on areas estimated to 687
hectares (14% of sector land at risk), followed by Karambi sectors. This confirms the findings of CROM
model; however the reduced presence of gullies in Rangiro, Kirimbi, Bushekeri, Gihombo, Macuba,
Ruharambuga, Kagano, Bushenge, Karengera, Kanjongo (all these sectors have less than 3 ha affected
by gullies) which were originally predicted by CROM model as sectors at high risk should not read that
CROM model did not perform well in this sectors, but rather due to the time of image acquisition, the erosive
features could be observed or erosion control measures have been already taken and therefore runoffs
have been reduced, thus erosive features could not be formed in this case. The least sectors affected by
gullies and rill erosion are Kagano, Ruharambuga, Macuba, Gihombo, Karengera, Rangiro, Bushenge,
Bushekeri and Kirimbi where, in each sector, the areas affected by gullies is less than 3 hectares.

Table 51: Erosive features and areas affected in Nyamasheke District

Erosive features Total
Sector Name Rill Features Nome |- Ereme % features
: i : (Ha) Total
Gullies | Landslide | erosion (Ha)
CYATO 25 23 639 687 4284 4972 14%
KARAMBI 191 181 372 3976 4347 9%
KANJONGO 174 12 186 2817 3003 6%
SHANGI 21 43 64 1081 1144 6%
NYABITEKERI 3 32 35 682 717 5%
MAHEMBE 119 3 17 139 3782 3921 4%
KIRIMBI 53 53 2129 2182 2%
BUSHENGE 34 34 1637 1670 2%
BUSHEKERI 9 26 12 47 2510 2557 2%
RANGIRO 31 31 1855 1885 2%
KARENGERA 20 0 20 1236 1256 2%
GIHOMBO 30 1 16 47 3222 3269 1%
MACUBA 35 7 42 3165 3207 1%
RUHARAMBUGA 20 20 2224 2244 1%
KAGANO 7 7 1036 1042 1%
Grand Total 768 66 948 1782 | 35635 37417 5%
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Figure 49: Erosive features detected in Nyamasheke District
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In term of land use and land cover of areas at risk in Nyamasheke, the results of land cover mapping (Table 50 and Figure 50) show 19134 hectares
(51% of the total land at risk) are used for seasonal cropping, 3,337 hectares (9% of the total land at risk) are covered by degraded forests, 6476
hectares (17% of the total land at risk) are covered by healthy forests, 4022 hectare used for built-up (11%) and 380 hectares i.e. 1% are covered
by Banana crop. In this district there are coffee and tea plantations which cover respectively 158 hectares (0% of the total land at risk) and 3285
hectares (9% of the total land at risk).

Table 52: Land Use and Vegetation Cover (LUVC) of areas at risk in Nyamasheke District

Built-
up Degraded | Dense | Mining and Seasonal Water | Grand

Sector Name Banana | area | Coffee | forest forest | Quarries None | crops Tea | body Total

BUSHEKERI 4 269 74 913 11 879 | 381 26 2557
BUSHENGE 4 402 50 458 1 1 730 8 15 1670
CYATO 22 289 254 565 41 3 2221 | 1510 67 4972
GIHOMBO 67 139 8 481 499 16 2000 60 3269
KAGANO 9 150 18 314 3 528 19 1042
KANJONGO 15 465 7 180 346 10 4 1899 57 22 3003
KARAMBI 50 389 18 578 249 8 1855 | 1145 55 4347
KARENGERA 6 346 11 381 3 509 1256
KIRIMBI 66 144 11 391 204 2 1333 31 2182
MACUBA 37 394 37 223 362 7 2072 45 30 3207
MAHEMBE 73 185 60 861 538 2093 112 3921
NYABITEKERI 15 97 18 105 3 465 14 717
RANGIRO 8 211 17 133 475 2 1019 19 1885
RUHARAMBUGA 2 251 41 858 16 935 139 2 2244
SHANGI 1 291 24 209 3 598 19 1144
Grand Total 380 | 4022 158 3337 6476 53 81 19134 | 3285 490 37417
% 1% | 11% 0% 9% 17% 0% 0% 51% | 9% 1% 100%
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Figure 50: Land cover types in Nyamasheke District
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About current erosion control practices in Nyamasheke district, only 20% of land at risk is protected by
forests (6476 hectares) and bench terraces (942 hectares). The highest protected sectors are
Ruharambuga with 39% of its land at risk protected, followed by Karengera where 37% of the total land at
risk is protected and Bushekeri with 37% of land protected. The least protected sectors are Karambi with
only 7% protected, Kirimbi (only 12% protected), Mahembe (15%) and Kanjongo (13% protected). The
visual interpretation of World View images confirms earlier findings by CROM model that Nyabitekeri,
Gihombo, Cyato, Karambi, Mahembe and Kirimbi sectors remain at very high risk of soil erosion since more
than 80% of the sector land at risk are not protected

Table 53: Erosion control practices already in place in Nyamasheke District

Erosion control
Contour Total
Sector Name Bench bank protecte Grand %

terraces terraces Forest d None Total Protected
RUHARAMBUGA 7 4 858 869 | 1375 2244 39%
KARENGERA 86 381 467 790 1256 37%
BUSHEKERI 34 913 947 | 1610 2557 37%
KAGANO 13 314 327 715 1042 31%
RANGIRO 50 475 525 | 1360 1885 28%
BUSHENGE 458 458 | 1213 1670 27%
MACUBA 249 362 612 | 2595 3207 19%
SHANGI 2 209 211 933 1144 18%
GIHOMBO 40 19 499 558 | 2712 3269 17%
CYATO 273 565 838 | 4134 4972 17%
NYABITEKERI 105 105 611 717 15%
MAHEMBE 14 17 538 570 | 3351 3921 15%
KANJONGO 54 346 400 | 2603 3003 13%
KIRIMBI 61 204 265 | 1916 2182 12%
KARAMBI 58 249 307 | 4041 4347 7%

2995

Grand Total 942 40 6476 7458 9 37417 20%
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Figure 51: Erosion control techniques in place in Nyamasheke District
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Erosion control practices in Nyamasheke District are recommended based on existing land uses, erosion
control measures already in place, and predicted erosion risk by CROM model. Table 52 shows that about
15690 hectares (which is 42% of the total land at risk) are suitable for Contour bank terraces, 3456 hectares
are Afforestation/Reforestation and 2353 hectares for agroforestry/alley cropping and hedgerows. Others
are Storm water management facilities (SWMF) (4045 hectares), gullies or riverbanks amounting to 631
hectares eroded which require bamboo trees for rehabilitation, and bench terraces (935 hectares).

Table 54: Recommended erosion control practices in Nyamasheke District

Afforestat | Agrofore | Bambo | Benc il DL . Gra
. ur harvesti | Zero
Sector Name | 2" J S J 0 3 0 bank 3L ng tilla L
Reforestat | hedgero plantati | terrac ne _— Tota
ion WS on es terrac facilitie | ge I
es 5
BUSHEKERI 76 103 37 774 | 913 269 | 385 | 2557
BUSHENGE 53 12 15 718 | 458 402 12 | 1670
CYATO 298 637 69 447 1132 | 567 289 | 1532 | 4972
GIHOMBO 488 79 89 28 1862 | 503 145 75 | 3269
KAGANO 22 37 27 22 457 | 314 154 9| 1042
KANJONGO 191 179 33 25 1683 | 346 468 78 | 3003
KARAMBI 591 415 58 59 1374 | 249 389 | 1213 | 4347
KARENGER
A 12 88 3 71 349 | 381 346 6 | 1256
KIRIMBI 4