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Environmental and Social Impact Assessment for the Safer Roads for

Socioeconomic Integration in Mozambique

Approach

This report consists of the following:

T Multiphase Programmatic

Volume 2A Non-Technical Summary

Volume 2B Main Report

Volume 2C Annexes

Volume 2D Public Consultation Report

Volume 2E Environmental and Social Management Plan
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ANNEX 1

Wildlife Permeability study
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Code Description

vi Annual Mean Temperature (°C)

v2 Mean Diurnal Temp Range (Mean of monthly (max temp—min temp)) (°C)
v3 Isothermality (v2/v7) (*100)

v4 Temperature Seasonality (standard deviation *100)
v5 Max Temperature of Warmest Month (°C)

v6 Min Temperature of Coldest Month (°C)

v7 Temperature Annual Range (v5-v6) (°C)

v8 Mean Temperature of Wettest Quarter (°C)

v9 Mean Temperature of Driest Quarter (°C)

vi0 Mean Temperature of Warmest Quarter (°C)

vit Mean Temperature of Coldest Quarter (°C)

vi2 Annual Precipitation (mm)

vi3 Precipitation of Wettest Month (mm)

vi4 Precipitation of Driest Month (mm)

vis Precipitation Seasonality (Coefficient of Variation)
vié Precipitation of Wettest Quarter (mm)

vi7 Precipitation of Driest Quarter (mm)

vig Precipitation of Warmest Quarter (mm)

v19 Precipitation of Coldest Quarter (mm)
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! Resistance layers represent the degree to which some landscape feature impedes or facilitates species
movement (Adriaensen et al., 2003), typically represented as a cell (pixel) value in a grid (raster) within a
Geographic Information System (GIS).
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2 Ecological connectivity can be defined as the degree of connection between the various natural
environments present within a landscape.
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Landscape permeability refers to the levels or degrees to which a landscape allows for the
movement of organisms, species, and ecological processes across it. These scales are often
used in environmental and conservation studies to assess how well differdnspecies can
move through a landscape that has been affected by human development, infrastructure, or

other changes.

Landscape permeability in the study region was generally low, with most species exhibiting
permeability values below 0.5 on a scale from 0 (completely impermeable) to 1 (fully
permeable). Across all species and the entire landscape, permeability values rged from

0.0625 to 0.3120, indicating that large portions of the region present limited permeability for

animal movement.

When permeability was examined at the species level, substantial variation among species
was observed. The highest permeability values were recorded for M. temminckii, with values
ranging from 0.5333 to 0.9380, indicating that this species experiences conmapatively high
landscape permeability and encounters fewer spatial constraints to movement. In contrast,
most other species showed more restricted permeability patterns and reached considerably
lower maximum values. Specifically, the maximum permeability &lues for the remaining
species were 0.516 forCrocuta crocuta, 0.7342 for Hippotragus niger 0.5928 for Kobus
ellipsyprimnus, 0.5291 for Loxodonta africang 0.5566 for Ourebia ourebi 0.6650 for both
Papio cynocephalusand Syncerus caffer and 0.6129 forRedunca arundinum Although some
species locally reached moderate to high permeability values, these were spatially limited and

did not represent the dominant condition across the landscape.
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Overall, the results indicate that permeability is spatially heterogeneous and speciespecific,
with only a small number of taxa experiencing high permeability over substantial areas. For
most species, movement across the landscape appears to be constrained, resulting in
generally low permeability values across much of the region. This pattern is consistent with
the predominantly hilly and topographically complex nature of the Gorongosa e®ystem,
which is characterized by pronounced elevational gradients, rugged terrain, and a mosaic of
land cover types that may restrict or channel animal movement. Taken together, these results
suggest that the study area does not function as a uniformly pmeable landscape for large
mammals, but rather as a patchwork of areas with varying degrees of permeability, where only
certain species (notably M. temminckii) are able to move relatively freely across a broader

portion of the region.

The generally low and spatially heterogeneous landscape permeability observed in the study
area indicates that the region already imposes significant constraints on animal movement.
This suggests that the rehabilitation of the N1 road is likely to have @sgroportionate impact
on ecological connectivity and wildlife movement, particularly for species with low
permeability and limited movement alternatives. As a result, road impacts are expected to be
spatially concentrated at specific corridors and pinch mints, rather than uniformly
distributed. These findings underscore the need for targeted, specieappropriate mitigation
measures, including strategically placed wildlife crossing structures and carefully designed
fencing, to reduce collision risk and mantain functional connectivity. The permeability maps
developed in this study therefore provide a critical evidence base for identifying priority

locations for mitigation and for guiding adaptive management throughout the project lifecycle.
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The existing N1 road within the Gorongosa ecosystem is currently in poor condition, which
limits vehicle speeds and constrains traffic flow between southern and northern Mozambique.
This low level of service has the incidental effect of reducing the frequey and severity of
wildlife Tvehicle collisions, as slower speeds allow drivers more time to react and reduce
collision lethality. However, it also restricts economic and social connectivity along the
corridor. The proposed rehabilitation aims to improve gad surface quality, safety, and

reliability, thereby enabling smoother and more efficient transport of people and goods.

As the road already exists, the rehabilitation will not introduce a new linear barrier into the
landscape and therefore does not create new fragmentation in a structural sense.
Nevertheless, rehabilitation is expected to alter the functional characteristis of the road by
increasing average vehicle speeds, improving traffic flow, and potentially attracting higher
traffic volumes. These changes may increase the probability of wildlifeehicle collisions and
elevate disturbance levels along the corridor, partularly in ecologically sensitive areas and
where wildlife movement overlaps with the road. The primary ecological impact of the project
is therefore not the creation of a new barrier, but the potential intensification of its barrier and

mortality effects.
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The permeability analysis indicates that the surrounding landscape is relatively flat and lacks
strongly defined movement corridors that would concentrate animal crossings at specific,
narrow locations. Instead, wildlife movement appears to be spatially diuse, with multiple
low-intensity crossing points rather than a small number of dominant corridors. In this
context, the construction of large wildlife overpasses or underpasses is unlikely to be
ecologically efficient or cost-effective, as such structures are most beneficial where animal
movement is naturally channelled through predictable pinch points Moreover, the installation
of continuous fencing along the road could further restrict animal movement, exacerbate
functional fragmentation, and interfere with natural ranging behaviour, particularly for wide

ranging species.

These findings suggest that the most appropriate mitigation strategy is not heavy structural
intervention, but targeted, proportionate, and adaptive measures aimed at managing
incremental risk. Such measures include locally reduced speed limits in highisk sections,
wildlife warning signage, driver awareness campaigns, improved nighime visibility, and the
systematic monitoring of wildlifervehicle collisions. These interventions address the principal
mechanism of impact, increased collision risk due to Iigher vehicle speeds, while maintaining

overall landscape permeability and avoiding unnecessary physical barriers.

Taken together, the results indicate that the rehabilitation of the N1 represents an ecologically
sensitive modification of an existing infrastructure rather than a fundamentally new
disturbance. While the project does not introduce new fragmentation, it ray increase
functional impacts on wildlife through changes in traffic dynamics. Accordingly, mitigation
should focus on managing these incremental effects in a spatially targeted manner,
particularly near the Gorongosa National Park buffer zone and othereas of elevated wildlife
presence. This approach ensures that the rehabilitation achieves its soctieconomic
objectives while maintaining ecological safeguards and minimizing unintended impacts on

wildlife movement and survival.

The rehabilitation of the N1 road through the Gorongosa ecosystem is expected to modify

traffic dynamics, particularly by increasing vehicle speeds and improving traffic flow. While
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this will enhance transport efficiency, it may also increase the risk of wildlifevehicle collisions
and disturbance to wildlife, especially in ecologically sensitive areas and where wildlife
movement intersects the road. To minimise these incremental impets while maintaining
landscape permeability, a set of targeted, norstructural and low-intrusion mitigation

measures is proposed:

1 Speed management and traffic calming reducing vehicle speed in higkrisk sections
is one of the most effective measures to decrease both the likelihood and severity of
wildlife tvehicle collisions. Locally reduced speed limits should be implemented in
areas of elevated ecological sensitivity, particularly where the road intersects the
Gorongosa National Park buffer zone and adjacent highermeability areas. These
speed limits should be supported by appropriate road signage, physical speecalming
elements where feasible (e.g. rumble strips or optical speed reduction markings), and
enforcement measures to ensure compliance. Lower speeds not only reduce collision
probability but also increase driver reaction time and significantly decrease wildlife

mortality rates.

1 Wildlife warning signage and driver awarenessTargeted wildlife warning signs should
be installed in sections identified as having elevated collision risk. These signs should
be species-specific where possible (e.g. elephant or antelope silhouettes) anglaced
strategically in advance of known or predicted crossing zones. In addition, driver
awareness campaignsy including informational materials at toll points, service
stations, or through transport operatorsy can further increase driver vigilance,
particularly during peak wildlife movement periods such as dawn, dusk, and seasonal

migration periods.

1 Road design and visibility enhancements Improving driver visibility reduces collision
risk, especially at night and in areas with vegetation close to the road. Vegetation
should be managed along the road verge to prevent tall grasses or shrubs from
obscuring animals approaching the road. Where feasible, improved road lighting at

critical crossing areas can enhance driver detection of animals without creating
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excessive disturbance to wildlife. Reflective road markings and delineators can also

help drivers anticipate potential hazards.

1 Monitoring and adaptive management- a structured wildlifeTvehicle collision
monitoring programme should be established before and after rehabilitation. This
programme should include systematic carcass surveys, incident reporting by road
maintenance staff, and collaboration with park authorities and local communities.
Monitoring results should be reviewed regularly to assess the effectiveness of
mitigation measures and to identify emerging hotspots. If collision rates increase or
shift spatially, mitigation measures should be adapted accordingly, for example by

extending speedreduced zones or adding signage in newly identified risk areas.

1 Avoidance of extensive fencing and major crossing structuresgiven the relatively flat
terrain in most parts of the area and the absence of strongly concentrated wildlife
movement corridors, large wildlife overpasses or underpasses are not considered
necessary or costeffective in this context. Similarly, continuous fencing along the road
IS not recommended, as it could further restrict animal movement, exacerbate
functional fragmentation, and interfere with natural ranging behaviour. The proposed
approach therefore prioritises maintaining landscape permeability while managing
collision risk through behavioural and operational measures rather than physical

barriers.
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Air quality modeling spatial dispersion maps:
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