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The Gola-Foya landscape, shared between Sierra Leone and Liberia, is
home to vast tracts of dense rainforest. It is an important conservation area,
protecting over 60 endangered species including the zebra duiker, many

primates and the forest elephant. This forest has a key role in mitigating the L an d - u S e / L an d - C O V e r

impact of climate change. BirdLife and its partners work with communities
and local government to develop sustainable livelihoods and improve the
management of protected areas.

The landscape encompasses Gola Rainforest National Park, Gola Forest
National Park, Kambui Hills Forest Reserve, Tiwai Wildlife Sanctuary and
the proposed Foya Protected Area (see the PAPFor site).

This document shows the evolution of land cover in the landscape between

2001 and 2020 using Landsat 5/7/8 optical satellite images. The study also 2D laver stack
gives examples of deforestation, active fires and burned areas detected by <D layer stack
the Sentinel satellites of the European Copernicus program.

Fig.1: Map of Gola-Foya Priority Landscape.
upport Program for the Preservation of Forest Ecosystems in West Africa (PAPFor)
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Shared between Sierra leone and
Liberia, the Gola-Foya Landscape holds
large expanses of primary lowland
Z forests. It is a key area for conservation,
Gola Forest NP o 5 holding over 60 threatened species
E including Zebra Duiker, Western Red
and Western Pied Colobuses, Forest
Elephants and Chimpanzees. The
forest plays a critical role in mitigating
the impact of climate change. Birdlife
and its partners work with local
communities and the local
administration to develop sustainable
livelihoods programmes and to improve
the management effectiveness of the
Protected Areas.
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The 2001 classification (Fig.3) was calculated from Landsat-7 images.
The land cover classes used are:
Bare soil I Built
W Water Il Forest
[l Burnt area |l Degraded forest

The 2007 classification (Fig.4) was calculated from Landsat 5 images. L an d - u S e / L an d - C O V er Of t h e G O I a_ FO y a

Between 2001 and 2007, we can see a degradation of the forest to

the west of the landscape with an urban extension of the town of L an d S C ap e b etW ee n 200 1 an d 2007

Kenema.

However, the forest cover of all the protected areas of the landscape
seems preserved.

Fig.3: LU/LC map of Gola-Foya in 2001.
PEART G, T 2 e
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The 2014 classification (Fig.5) was calculated from Landsat-8
images. The 2020 classification (Fig.6) was also calculated
from Landsat-8 images.

The comparison of the two classifications highlights a clear
deforestation between 2014 and 2020 in the landscape outside

the protected areas for which the forest cover remains Land_use / Land_Cover Of the GOIa_FOya

preserved. However, there is a slight decrease in forest in the
proposed protected area (PPA) of Foya.

There is also a pronounced urban expansion of the town of L an d S Cap e b etween 2014 an d 2020

Kenema.

Bare soil
M Built
Il Wwater
M Forest
M Burnt area
¥ Degraded forest
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In the following (pages 4 to 8), the statistics are calculated for the

different spatial extents of the -whole landscape, -national parks,

-forest reserves and -proposed protected area.

Fig.8 shows the evolution of the different land cover classes in the

entire priority landscape of Gola-Foya (Fig.7) from 2001 to 2020. . .

It can be seen that the forest cover has suffered a progressive EVO | u t I O n Of L an d —US e / L an d —C Over I n
degradation between 2001 and 2020. This growth follows an

exponential law of a factor of 2. A loss of 2.13% during the period

2001-2007, a loss of 4.41% during the period 2007 2014 and a loss th e en tl re GO | a' Foya p r i O rity | an d S Cap e

of 9.13% during the period 2014-2020.

Urban expansion also follows an exponential growth with statistics
of 0.16% (2001), 0.23% (2007), 0.67% (2014) and 1.31% (2020).

F
E}

ig.7: Full view of the Gola-Foy
T " :

A

a priority landscape showing the extent over which the statistics have been computed.
3 5 BB e B TR Fa VR R SR

#

¥ 5 s o At S

Fig.8: Assessment of the Land-use / Land-cover of the Priority Conservation Landscape (PCL) of Gola-Foya in 2001, 2007, 2014
and 2020 (statistics calculated on the entire landscape).

Land-Use / Land-cover of the full Gola-Foya priority landscape between 2001 and 2020
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Fig.10 shows the evolution of the different land cover classes in the
two national parks (Gola Rainforest National Park and Gola Forest
National Park) of the Gola-Foya priority landscape (Fig.9) between
2001 and 2020.

These national parks are mainly occupied by forest (about 90%).

It can be seen that this forest cover was preserved between 2001 EVO | U t I O n Of L an d - US e / L an d 'C OV er

and 2020 with low losses of: 0.19% during the period 2001-2007,

26614:/-2 g;‘;i.ng the period 2007-2014 and 0.65% during the period | n th e G O | a_ F Oy a n atl O n al p ar kS

However, there are some recent human settlements in the Gola
Forest National Park.

Fig.9: View of the Gola-Foya national parks showing the extent over which the statistics have been computed.
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Fig.10: Assessment of the Land-use / Land-cover of the Gola-Foya national parks in 2001, 2007, 2014 and 2020 (statistics
calculated on the extents shown in Fig.9 only).

Land-Use / Land-cover of the Gola-Foya national parks between 2001 and 2020
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Fig.12 shows the evolution of the different classes of land cover in
the Kambui Hills Forest Reserve and the Tiwai Wildlife Sanctuary
of the Gola-Foya Priority Landscape (Fig.11) between 2001 and
2020.

These forest reserves are also essentially occupied by forest (about

o Evolution of Land-Use / Land-cover

It can be seen that the forest cover suffered a gradual degradation

between 2001 and 2014 with an acceleration between 2014 and 1 h G | F f

2020. Indeed, forest cover losses stand at 1.13% during the 2001- I n t e O a' O y a O r est r eS e rV eS
2007 period, 2.74% during the 2007-2014 period and 6.61% during

the 2014-2020 period.

These losses are more pronounced than those observed in national
parks (see Fig.9 and Fig.10).

which the statistics have been computed.

Fig.11: View of the Gola-Foya f
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Fig.12: Assessment of the Land-use / Land-cover of the Gola-Foya forest reserves in 2001, 2007, 2014 and 2020 (statistics
calculated on the extents shown in Fig.11 only).

Land-Use / Land-cover of the Gola-Foya forest reserves between 2001 and 2020
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Fig.14 shows the evolution of the different classes of land cover in
the proposed protected area (PPA) of Foya in the priority
landscape of Gola-Foya (Fig.13) between 2001 and 2020.

Compared to national parks (Fig.9 and Fig.10) and forest reserves
(Fig.11 and Fig.12) for which forest represented about 90% of their

total surface area, the proposed protected area of Foya offers less EV O | u t I O n O f L an d = U S e / L an d - C O V e r

forest cover at 75%.

It can be seen that this forest cover was preserved between 2001 1 h d d f F

and 2020 with fairly low losses of: 0.34% during the period 2001- I n t e p ro p O S e p r O t eC t e ar e a. O O y a
2007, 0.84% during the period 2007-2014 and 1.99% during the

period 2014-2020.

There is also growing human activity, as evidenced by the “Built”

class in 2020.

Foya PPA

Fig.14: Assessment of the Land-use / Land-cover of the proposed protected area of Foya in 2001, 2007, 2014 and 2020 (statistics
calculated on the extents shown in Fig.13 only).

Land-Use / Land-cover of the proposed protected area of Foya between 2001 and 2020
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Fig.15 summarizes deforestation by period in the entire Gola-Foya
priority landscape. The areas in grey represent the areas
deforested before 2001, the areas in blue are those deforested
between 2001 and 2007, the areas in yellow are those deforested
between 2007 and 2014 and the areas in red are those deforested
between 2014 and 2020. This dominant red testifies to the
acceleration of deforestation in the last period.

Fig.16 shows the evolution of forest cover loss by period in the four
conservation units: entire landscape, national parks, forest
reserves and proposed protected area.

It can be seen that the national parks have been preserved while
the forest reserves have suffered an increasing loss of their
forests.

g
%,

Loss of forest cover in the different
conservation units of Gola-Foya
between 2002 and 2020

Fig.15: Deforstation by peridsin th Gola-Foya Ianscpe between 2001 and 2020

Zone deforested before 2002

[l Zone deforested between 2002 and 2007
Zone deforested between 2007 and 2014
. Zone deforested between 2014 and 2020
. Preserved forest cover

Fig.16: Summary of forest cover loss in the different Gola-Foya conservation units in 2007 (difference between 2007 and 2001), in
2014 (difference between 2014 and 2007) and in 2020 (difference between 2020 and 2014).

Loss of forest cover in the different conservation units of Gola-Foya between 2001 and 2020
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Gola Forest National Park is one of the priority landscape conservation areas of Gola- F L ( ; W t h H L H b 1
Foya. It is located in the northwest of Liberia and straddles the two counties of Gbarpolu a C I n I er I a
and Grand Cape Mount.

FLEGT Watch is an automatic detection system to monitor deforestation in Central and i ‘., G O I a_ FO y a | an d S C ap e

West Africa using Sentinel-1 radar satellite images. This section shows three examples of
deforestation detected by FLEGT Watch in Gola Forest National Park.

In each of the examples, we will show the Sentinel 1 radar images (1% line) then the ! y ] 1
Sentinel 2 optical images (2" line) before (1% column a) and after (2" column b) the Go I a FO reSt Natl 0 n aI Park
deforestation event detected automatically in the radar image (top right). : ~/

In the radar image (Fig.17), there is an extension of deforested areas in the north western Event #1341631 - LB R VTO 1
part of Gola Forest National Park. Analysis of the Sentinel-2 optical image (Fig.18) {

confirms that the forest (Fig.18a) was clearly cut in April 2020 (Fig.18b). 1 2D Iaer stack

Fig.17: Sentinel-1A mean 23-02-2020 — 30-03-2020 (a) and 11-04-20 left view right view animation
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ig.18: Sentinel-2A and Sentinel-2B images observed on 14-01-2020 (a) and 14-11-2020 (b). left view right view animation

]

Gpern|CUS “: HYP-119-Sentinels-F (p.10) powered by g

VisioTerra


http://www.copernicus.eu/
http://www.esa.int/
https://ec.europa.eu/info/departments/international-partnerships_fr
https://visioterra.fr/PAPFor/fr/
http://www.visioterra.fr/
https://visioterra.org/FlegtWatch/hyperlook/a7b534d49ba942628b3badac78d16013
https://visioterra.org/FlegtWatch/hyperlook/598c4829eeb5464bac28a7495467f5f4
https://visioterra.org/FlegtWatch/hyperlook/7fed4a33098b4d33b3582f48d5d1d1ba
https://visioterra.org/FlegtWatch/hyperlook/a4a5b75583fe431d887a18f79541e875
https://visioterra.org/FlegtWatch/hyperlook/ea62411b6624417ab749c20d59dd4576
https://visioterra.org/FlegtWatch/hyperlook/1942a23638c34be284a25ded7053c43b
https://visioterra.org/FlegtWatch/hyperlook/93a18ae4f3e34ca9b2846b0b1b486178
https://visioterra.fr/?FLEGT-Watch&lang=en
https://sentinel.esa.int/web/sentinel/missions/sentinel-1
https://sentinel.esa.int/web/sentinel/missions/sentinel-2

As shown in Fig.19, the FLEGT Watch system detected - , F L E G T Wat C h | n L | b er | a
widespread deforestation between April 23 and May 5,

2020. This deforestation occurs in the north western

part of Gola Forest National Park, 200 meters southeast ¢ N G | - F | d

of the village of Nyekehun. } O a O y a an S C a e
Analysis of the Sentinel-2 optical image (Fig.20) | peou ‘

confirms that the remnants of forest observed in Fig.20a '~ 1

are no longer present in Fig.20b. It should be noted that ] GO I a Fo reSt Natl O n al I e Par k
the almost permanent cloud cover over the area forced T N

the search for optical data well before the event of May EVG nt #134 1647 = L B R VTO 1
05, 2020 (first image without clouds on 14.01.2020) and

well after the event (first image without clouds on

14.11.2020). 2D layer stack

left V|ew right view animation

left view right view animation
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In the radar image (Fig.21), a clear cut is observed that - F L ( ; W t h L b
occurred between May 5 and May 17, 2020. This ) a C I n I er I a.
deforestation occurs in the north western part of Gola 4 |

Forest NP, 400 meters south of the village of Morta. 3 : . G O | a_ FO y a | an d S C ap e

Analysis of the Sentinel-2 optical image (Fig.22)
confirms that the forest (Fig.22a) has been clearly cut

(Fig.22b) l learing of just und @ 1 £ .

helgtare. revealing a clearing of just under one | Gola FOI‘eSt Nat|0na| Pal’k
This phenomenon of "nibbling” around parks is ~

corlnmon; especially when it Iocz:lurs near \';lillages. I Eve nt #134 1 67 8 - L B R VTO 1
Note here the proximity of the border between Liberia

and Sierra Leone. ) 2D layer stack

-05-2020 (a) and 17-05-2020 (b). o view
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Fig.23 shows the periodic bulletin generated by a geoservice monitoring burned areas and

active fires in the Gola-Foya priority landscape between 2015 and 2021. This periodic bulletin . . .
was produced by the CAFWS platform developed by VisioTerra. B t — P d b | | t
The first and second sections of the periodic bulletin provide information on the name of the u r n ar eas er I O I C u e I n
geoservice, the site, the indicator(s) to be calculated (active fires, burnt areas, etc.) and the

period of time during which the geoservice will operate. The third section allows the user to

choose the period for which the results are to be displayed (the period here is annual). The G O | a— FO y a | an d S C ap e

fourth section concerns the results of the spatial aggregation of burned areas. The red curve

shows the presence (value 255 on the y-axis) or absence (value 0 on the y-axis) of burned area )

in the study area during the defined period. The fifth section shows the results of the temporal 2D layer_stack

aggregation of burned areas. The areas where a burnt area was detected at least once during

the study period are rendered in red. Here, for example (Fig.23), the burned areas are those

detected in 2017.

Fig.24 shows in red the burned areas detected automatically in 2020 and 2021.

Fig.23: View of the periodic bulletin showing the burnt areas per year between 2015 and 2021. periodic_bulletin

LBR - 004 - Gola Foya - $2-L1C

S$2-L1C - Burnt areas and Active fire

cafws CAFWS (cafws@visioterra.fr)
ViDevelopers
LBR_002_PPC_Gola_Foya /-
tart 2015-01-01 / End 2021-12-31 (YEARLY)
2-L1C - Burnt Area v2,S2 - Active Fire

C - Burnt Areav2

S2-|

War 2017 Apr 2017

$2-L1C - Burnt Area v2 / Temporal aggrega

Fig.24: Burnt areas automatically detected in 2020 and 2021. animation
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Fig.25 shows a Sentinel-2 image which exploits the richness of the spectral bands of its multispectral
instrument MSI. Here, bands 11, 8 and 2 correspond to mid-infrared, near-infrared and blue. These three

bands 11, 8, 2 have been assigned to the red, green and blue planes respectively. B t E m |

The Sentinel-2 tile (Fig.25) was acquired in the dry season on January 14, 2020. u r n ar eaS X a p eS
Fig.26 shows in brown the result of the segmentation of the burnt areas observed on the image Fig.25.

From this segmentation, we can calculate the occurrences of burned areas over time as illustrated in the

Gola-Foya landscape

= 1 i i e, i

/ ™\ VA 2D layer_stack
TN \/ NASYEN v A
“ ‘ “\JF v i’ \“/\L P /\V«/\_f" SV
Fig.25: Sentinel-2A image observed on 14-01-2020 showing the burnt areas. 2D _view animation
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Fig.26: Burnt areas automatically extracted from the Sentinel-2A image observed on 01-14-2020. 2D _view
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Fig.27 shows the periodic bulletin generated by the same geoservice monitoring
burnt areas and active fires in the priority landscape of Gola-Foya between.

Monitoring is performed from 2015 to 2021 with the indicator of active fires. The A Ct I V e fi r‘eS I Per I O d I C b u | | et I n

red areas in the temporal aggregation section image represent areas where an
active fire front was observed at least once during the study period.

Fig.28 shows in red the active lights detected automatically in 2017 and 2020.
The active fire indicator is calculated from Sentinel-2 optical data using the BAIS2 G O | a_ FO y a | an d S C ap e
index (Burnt Area Index for Sentinel-2).
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Fig.27: View of the periodic bulletin with active fires detected by year between 2015 and 2021. periodic_bulletin

LBR - 004 - Gola Foya - $2-L1C

52-L1C - Burnt areas and Active fire

cafws CAFWS (cafws@visioterra.fr)
ViDevelopers
LBR_002_PPC_Gola_Foya /-

e Start 2015-01-01 / End 2021-12-31 (YEARLY)

Indicator(s) : S2-L1C - Burnt Area v2 52 - Active Fire
Periods

$2 - Active Fire / Spatial aggregation (SAG)

S2- Active Fire

Apr 2017 lay 2017

$2 - Active Fire / Temporal aggregation (TAG)

animation

Active fires - 2020

=

Q)perr“cus HYP-119-Sentinels-F (p.15) powered by L.
- ) VisioTerra



http://www.copernicus.eu/
http://www.esa.int/
https://ec.europa.eu/info/departments/international-partnerships_fr
https://visioterra.fr/PAPFor/fr/
http://www.visioterra.fr/
https://cafws.africa-eo-services.ma/hyperlook/a34a23201aa241b6b9ec0fc001fd6ff8
https://cafws.africa-eo-services.ma/bulletin/17099b4b4784442381142441c285fecb
https://cafws.africa-eo-services.ma/hyperlook/fa6bc6535e874031bf09e8bbd94129f0
https://cafws.africa-eo-services.ma/hyperlook/1fb8b78b41f84550a6d830c2b230a31a
https://cafws.africa-eo-services.ma/hyperlook/0b6bf67348d2489989a831c78cf8f584

Fig.29 shows a Sentinel-2 image in 12-11-2 colour composition acquired on January 14, 2020
in the dry season as evidenced by the daily precipitation graph below. Active fire fronts appear

as orange-yellow colour. o ACtIVe flres _— Examples

Fig.30 shows in red the result of the segmentation of the active fire fronts observed on the
image Fig.29.

‘" These active fires can be reported as an alert. G O | a_ Foya | an d S C ap e
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Flg 29 Sentlnel 2A i |mage observed on 14 01 2020 showmg actlve fire fronts 2D view animation

Fig.30: Active flres detected automatically from the Sentinel-2A image acquwed on 14-01-2020. 2D _view
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This study is carried out within the framework of
the PAPFor programme (Programme d'Appui a la
Préservation des Ecosystemes Forestiers en
Afrique de I'Ouest) financed by the European
Union under the 11" EDF and implemented by
the AGRECO-GITEC consortium. VisioTerra
mobilised its expertise for the analysis of the
evolution of the occupation of the priority
landscapes of Mount Nimba and Gola-Foya, two
of the six landscapes funded by PAPFor.

The results of the analysis are presented at the
African Protected Areas Congress (APAC)
organised by IUCN in Kigali (Rwanda) from 18 to
23 July 2022. This presentation is made in
collaboration  with  the OBAPAO  project
(Observatory for Biodiversity and Protected Areas in
West Africa), an initiative of the BIOPAMA Programme,
also funded by the European Union, to improve the long-term
conservation and sustainable use of natural resources in protected areas and
surrounding communities in African, Caribbean and Pacific countries.
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