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Before I start my presentation, I would like to thank FFPRI for inviting me to come and share our

experience in Mozambique.
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General information
rea ~ 801 590 5g km: i
= Populaflon - 27.214.000 (2017 census projection);

= Economy - Agro-based [cashew nuts. cofton):

= Resources: Waler, Woc
Hydro-energy:

= Tropical climate with two seasons:
- e on from O
- )'-_\( 5
Ipstitution responsible for Foresk: National Directorate of
orestry under Minlstry Land. Environment and Rural
Development.

Deforestation rate: 0.79%/year with 34 Millon ha of forest 2§ . =
[MFI, DINAF 2018): ¥

Supperted by JICA and technical assistance of JOFCA & e L
KOKUSAI KOGYO CO, LTD within 5 years project;

Supporled by JAXA in KLC#3 -KLC#4 inifiatives. 2013 based forest map [DINAF, 2018)

on from Apel

Mozambique is a small country with almost 800,000 sq km. Our recent forest national inventory

showed the deforestation rate to be 0.79% and 39 million hectares of forest.

Objectives

To develop potential improved methodologies for satellite
monitoring of tropical dry forest landscape, focusing on
deforestafion and forest degradation assessment for
national forest monitoring system for REDD+ in the country.

The assessment aims the following output:
v'Enhance forest national monitoring;
¥ Up-to-date forest monitoring products;
¥ Building a relationship for forest monitoring;
¥ Contribution to existing country projects and programs;

My objective is to show the development of potential improved methodologies for satellite monitoring
of tropical dry forest and focusing on issues of deforestation and forest degradation in order to do
assessment of monitoring of forest for REDD+. The aim of our output is enhancing national
monitoring, updating forest monitoring, building relationship between forest management, and contributing

to existing country project and other problems.
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Specific Objectives?
- Identify the land alfecled by deforestation (xha)

Identify the land offectad by forest degradalion? [x ha)

Measune the of deforestation and forest deg [x % Chrl

Define Ihe nalure of deforesiation and lorest ¢ (logging. small
scale forest clearing for faming for subsistence purposes which include livelihood cash
income, tree g for and A fire...]
Proposed operational definiion & based on forest definitior

The specific objective is to differentiate the effects of deforestation, the land area affected by

degradation, define the nature of deforestation looking at the drivers of deforestation. For that, we had to

select among many definitions of forest degradation, and we picked up the IPCC definition.

Methodology Used

¥ Boundary mapping and pixel based detection of deforested and forest depredated areas.
¥ Ground Truth survey in unsurvey area of Plantations and natural forest to suppert JICA
project and national forest monitoring
¥ Obtain the samples data that are insufficient for the threshold setting;
« Comparison of different values (-3, -4, -5 dB) between the images befare and after 1
year for deforestation including Non-forest area (Thicket) in order to identify the threshold
between forest/non-forest

/ <Measuring forest degradation based on tree cover loss in a minimum area
~ Ground Truth survey to support LTS International alongside the University of Edinburgh
with European Space and WB for utilising Radar and Optical (sentinel 1 and 2 data with
developed toll for cloud free) of dense time series for continuous change monitoring and
proxies of forest changes, and degradation using ALOS PALSAR mosaic in tropical dry
forest
~ Ground Truth survey to support JICA- JAXA, for data callbration of JJ-FAST system
(analysed by SAR imagery) with technical support of Tokyo Denky University

In terms of methodology, we followed boundary mapping and pixel-based detection, and did lot of

Ground Truth survey test of all of methodologies in order to find the best threshold. We also did support
of institutions like Tokyo Denki University! and to improve the JJ-FAST? methodology. We were also
supported by the LTS International® alongside Edinburgh University* and European Space®.

https://www.dendai.ac.jp/en
https://www.eorc.jaxa.jp/jifast
https://wwwltsi.co.uk
https://www.ed.ac.uk
https://www.esa.int/ESA
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- Detection of deforestation

<

.‘/

Activities overview of 5
Sof 5 years JICA - Evaluation how to make the
use of the methodolo! ¥
profect S0 o
- Ground survey for. valldahon
E of the deforesmﬂ and e O 'I 7
{ linear value 20 'I 6
, - Evaluationof the
20] 5 linear vailue
-Visugland - Analysisof
3 20] 4 Automatic precision
- Understanding of detectionof - Water body and
IR characteristics deforesiation  woler sirim .
Masking
- Detection test of
20] 3 deforestation
- Theeory study o ®
- Radar images acquiition L 3
® Traing in Japan in
Tidring onjob i Aplgled Practical aplaied areas
Moz and Jp. on 1! Unul sis
Bus&. Pvung onlR IR fralnlng on R ¥

areas at national level

:{g

In terms of remote sensing activities, everything started from the theory to understand radar images
acquisition.

detections, Ground Truth for validation and evaluation of the linear value.

training exercises.

. identification of deforestation areos usting radar mage analpl d
Pnncnples of dectation of Radar images
Deforestationsites are detected by comparing radar images (ALOS-2) at
two time series. The deforestation sites are those that indicate decrease
of back-scattering [return) of radar waves. Therefore, higher return
[forest] sites with light color and lower return (non-forest) dark color.

* Spatially explicit
blomass estimates (nof
land coverclasses
needed)

+ Can detect small
changes overlarge
areas (low bias)

Forest :

Mo Forest

* No cloud
contamination.
day/night acquisition

For those one of familiar with what it mean by the issue of reflectance of forests in order to detect the
change.

deforestation sites are those that indicate decrease of back-scattering of radar waves.

Here 1 just wrote a small picture of decrease of deforestation by doing plantation.

return sites with light color and lower return with dark color

We went to the understanding of the constituents of the infrared, visual and automatic

We did all this work during job

Therefore, higher
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4. identification of delorested arecs by rodar image analnh and evaiuation of the ways of uiing thiinformation

Determination of linear value (threshold)

Sampling in Field (Ground Truth) v
The threshold values of tempoeral differences
of the deforested areas were collectedin 76
samples from Cabo Delgado, Niassa,
Iambezia, Manica, Inhambane and Gaza.

&)
JICA

To get the results, we had to do field ground survey which considered 76 samples within 6 provinces as

you can see in red.

- Deforestation for Maize, Past forest type is
Mixed forest.
- Deforestation area is 9.4 ha.
- Big trees are deciduous (h=15m),Lower
E;e?s are evergreen (Massuco, h= around
m) .

0&fJuly/2016 25m resolution

ALOS-2 [After Tree Loss)

. Identification of delorerted area by rodar Imoge analnh and evaiuation of the way of ving thainformation
Identification of deforested areas by Radar Image Analysis
Determination of the linear value to detect the deforested area
ALOS-2 (Before Tree Loss) s 1] -15 20
| N = 21890 e
™ b e Derse forest
™, ® b Churmimy l
N * €0 huima -12 Fa -20
Polls 1i] - Manne
4 LG cisrehce B - K af
R Forest open
] Sl difference .-lga T, " —293 -
: ™,
12 L "
- Pt * \\
% Orly deforestalion dala greater than 1.0 ha mm”ng cfihe i End ol pariod

In the field, we identified the deforested area, and then with GPS we tried to work around the

deforested area.
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4 identification of delorested arecs by rodar imape analnh and evoiuation of the ways of wiing thiinformation

Result of areas of forest loss(2008 - 2010)

Province No. of sites | Deforested

| Cabo

Paledo 12.600 19.26
Niassa 10.098 21.158
Nampula 10.571 14.250
lambézia 4.425 21.037
Tete 17.345 24.765
Manica 22.667 37.354
Sofala 11.415 26.413
Inhambane 3.947 4.488
Gaza 1.748 2.852
Mapute 1.042 3.158
Total 95.858 174.740
o
A REDD= jica’

Then back in the office we found the threshold and did statistical analysis to find the linear value of the

deforestation area in Mozambique using 2008-2010 information of Mozambique.

4. lgentification of deforeited arect by rodar IMoge onalni 3 [ e widrys of Liing thiind
How to leverage information
Size of deforested area by forest type (CD):
We identified the orea deforested by forest type, from C. Delgado, overlopping the
image with b
Doforsrtationin 2010-2013:
Deforested Sari. :
| area [ha) d det - ¥
1~2 2 : ;
2~3 202 63 1.070 1794 3129 ;
3~ 19 45 57 1471 1992
4r~5 124 a8 4 501 a7l 1548
T =& 97 2 388 835 134 7
b7 21 19 358 485 964 N
7~8 90 8 304 240 a1 .
B~9 43 288 400 731
Fe 10 47 180 38 485 Mop of forest coverand
10~ 494 73 2204 3348 4321 landuse 2008
Total 1787 399 4 7875 12519 22585
% of forest
cover 081% 0% 001% 049% 034%  037% ;ﬁ;emduhg 2008-

4. ldentification of deforested areos by rodor Imoge analnh and evaluation of the way of uiing thainformation
How to leverage information
Size of deforested area by forest type (GI):
We identified the deforested area by forest type, from Gaza, overlapping the image
wilh the fones! cover mop of 2008, Deforastation in2010-2013:
Deforeste | (Semi] | (Semi) | Mecrune | (Semi. 5,348
darea | deme | dense o of
| {_hf_ﬂ green ;;:’n \‘K'.tlﬂu o “
1~2 3 s 18 X
2~3 45 36 13 Y * \
I~a 7 45 10 : s 3
4~5 14 23 198 I 1
T5~6 2 18 g
b7 19 7 2 2
7~8 15 7
B9 8 25 g
S~ 10 a8 v 95 Map of forest cover and
10~ 51 13 125 203 8y 12, POPIVIeN8
Total 22 ¥ 413 1007 1855 370
%of # 2 ywars during 2008 - ;o
A fﬂf“r 056% 021% 001% 009% 005% 017% 009% 2010 j’.di
K REDD=;  cove
[

For that, we had to align with wall to wall map to see the activity data in order to ascertain what

contributes to forest deforestation. In the analysis of the target area, we found that shifting cultivation is

the major contributor among many drivers of deforestation in Mozambique.
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Measuring forest degradation based on free cover loss
in @ minimum area(approach from JRC-ISPRA)

Forestarea [T1) 1 gricl izes = Mirdmum area for forest definition

Forest degrodation could be measured by the % of
change (free cover fo non-free cover) inside o cel
IFthe % of non-tree coverh > 70°% = deforestafion
It the % of non-tree covers < 70% ond theres o

change from tree cover to non-free cover = forest
degradation

TR

n Lrd
NIC=10% NIC=20% NIC=40%

Foreyt degradation=
Decreoye of TC [T1-12] 10°%

¥ [12-13) 20% jI’c‘_A\J
A REDD=:E;
Application of IMPACT toolbox and GUIDOtoolbox
developed by JRC-ISPRA
Basicsof
IMPACT

fll;c'ﬂ of state for each o)
For this method we have not done the
ground truth to checked the accurac

e Inour fropical dry forest (desk results

A REDD=EE Brealagiofest !

We used another method developed by JRC in Ispra‘, Italy, which consist of grid interpretation using
pixel 3x3, where we identified how many pixels changed/not changed within the interval of less than 70%
or greater than 70% which has deforestation and forest degradation. The methodology is applied using
the IMPACT tool and GUIDOS. We were not familiar with these tools, but we tried to use it to ascertain
their precision. Unfortunately, we did not get financial source to go to the field to recheck this, so it

remained as one of the challenges.

6 https://ec.europa.eu/irc/en/about/jrc-site/ispra
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Recent Ground truth for JJ-Fast Calibration data in dry forest with Japan TDU
and DINAF

Recently, we had another Ground Truth to support JJ-FAST method developed by Tokyo Denki
University in order to improve the system. This is because our major driver of deforestation is shifting
cultivation in a very small area. We would like to see this method reflecting those small areas in order to
evaluate the deforestation. We went to the field and left some instruments there to measure soil humidity

and trees.

Collect Earth method

Yo

1-=

250 000 -
150000

100 000 e
30000

» e

1003 2004 2005 2006 2007 2004 2009 2010 2011 2012 2013

Asea desmataata (b
2

This method shows that the cour

Note: Mo ground truths was done on this method

7 209 haly

e with the tax rate of 0.79% delorestation

We used Collect Earth method extensively. This is a less costly method, which has a huge bunch of
satellite data from Google Earth, Bing Map, Earth Engine Explorer, and Code Editor Repository. Using
this method which is a statistical grid interpretation, we found that within the interval of 2003 and 2015,

2010 was the major year of deforestation. But we found that this deforestation is decreasing after 2014.
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Key Challenges Faced

Challenges?
it How to difl lang-ferm decli P fi d temp
w b ol il d

wﬂulm:blo management of forest (cfr Fores| code of rvucnc e Nationolfot logging company ¥}

Exchusion of deforesiation How fo be sure that forest Il ot b bossity the

fuhurs: fovecursor 1o defonssialion| 7. flog-lerm reduction of carbon slocks but kee Gower, hekht and s o
not under the threshold defined for forest lond|. How te deline when the threshold for forest has been crossed?
Loss of forest carbon stock in forest land remaining forest land. The change should leod 1o a changein carbon

stocks. Emissions due fo forest degradiation vl depend on carbon stock avalabie for release and
degree/nature of the process fidem lor remove):

Long

Has to be operational. has vl % Ilwe\l'\odwﬂhn a defined fime frame. be
part of the GHG inventary [must induced. descrine ot keast]. con be
gipled corsitentlyin the some biome. must be possible 1o uuamulw’w.ulur\e:_hcmge
/ key 03 b d of forest
(UAVSs) or drone acquire bofh LIDAR and Very High Spatial Resalufion
[VHSE) hnqgnry Mlhhqn ope mhnml roprxn\.- to capture detaled data with less cost of hordware
I t of dhata and st
Dmioll of the most precise. ah thod tor data
in the cox bIIngcr.-rhdoM Full knwudgud!hucm-d ground
field is deed o suppor] Remote Sensing :
Rodor in d y of long i Dala
cost .,ﬂ
. =)
& rEDD:E: jiea

In terms of challenges, we found more challenge in degradations compared to deforestation. We see
the issues of long-term effects; exclusion of deforestation; loss of the carbon stocks; and the issue of how
to measure green gas inventory using those tools. We have seen that the provision of technology like
unnamed aerial vehicles or drone platforms to acquire both LIDAR and VHSR image is needed to support
this kind of information. Lastly, for small areas, we found drone is efficient at detecting changes in forest

at low cost.

Conclusion

Conclusions

Use of ALOS data provided by wall to wall forest cover map resulted in forest base map (2013) of the
couniry to estimation changes of the forest cover is a good methodology to detect a time series of
deforestation, fores! remaining forest and gains.

1

Deforested areas and forest degradation can be identitied by RADAR image analysis and ScanSAR can
be produced for any weather and sunlight independent, Penetrates through canopy, Signal ‘scattercd”
from trunks and branches. Interacts with woody biomass,

Measuring forest degradation based on tree cover loss in a minimum area methods require ground
truth survey at large scale and biom timati
aforementionedin the our dry tropi
cover (e.g Brachystegia sp) in ord

to confront

existence of certain species with wide canopy

The used of Collect Earth Tool to get reliable results needs experienced technical staff with full
knowledge of the ground to get Iis with slalistical sample app hto have a
acceptable emmorand the factor of ionneeds to be more elaborated and clear based in ecological
area rather than administrative boundares;

Scanning deforested areas usmgdmm ior small assessment and carbon oJ inaccessible areas ks much

efficlent and less coslly compared tolarge satellite data of low
jica)
& REDD T3
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In conclusion, we found wall to wall as the best method to produce a deforestation map. We also
found that to compare deforestation and forest degradation using RADAR and ScanSAR is possible, but it
needs support of the Ground Truth. Collect Earth also needs a Ground Truth survey and it requires a
good knowledge by the technicians who are doing this interpretation.  Otherwise, they can misunderstand,
say, crops with land use and call it as deforestation. Lastly, scanning of deforested area using drone is a

good method for inaccessible areas compared to satellite data with low resolution.
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