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1.1.2.3 Synthetic Aperture Radar ( SAR)

Synthetic Aperimmet Radarac({ BEARS® alemod lee steh
ut i Imizcrnogwiatvlmeav el engt h ranging ftommeastur met
roughness and conad(dMegyres .Boef2a MthP ga bel aer ttho spuernfe t |
CovVvBAR has been rwwagliednyalusmaniitnori ng efforts
monitoring, oil spill detecppiqmgo kda ss aeptt earl .a,s
When applied to chapaantde migz @ nwa fd ety hweSae’séd mesnogrd |
i nt sewiatch dc¢ défmepoeédnhttshe woody <cover, ofateri ng
varyi msg Naeedeo el talc.an ZT@mmpbhb e afealat ur &s sprace
independewittivaaddbt ebeabhnitlediatl edt uMidsosri mantsi o
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(Kell ogg et al ., 2020; Le Toan et al ., 2011)

1 Research objectives and dissertation struc

1.2.1 Objectives and questions

This study is focused on promoting a sSYys:¢
dryland woody <cover ma®P@umage reenpotwae rresein,diymen
reviewed renadf eleedi mst i oand d ptaenéd wioy kt he most ac
magand exami ned ¢ &westehids girnecpoannsciicehseatdeef vadtim
usi ng tbhaes eddr ofnfiee | d hleind a maexddp tri anpdaseene thig @adlni t i on
framewasé&«d on the physi(olgemiogmew)f csovao awctft aurc at’ et
consistent dryl and woody nT@grcreu mbemomneg S ens
Finally, built upon the framewor k, we exten
tempor al domain to monitor tThhee cforvaemme wdoyr nka nwi
onkyl itchdef yl and wmoappyi mguMed s earlavseo a oal ftylfen g
mapping $®e&dodar dsdvancing any t ec fanmhiiqgguheesr, S
resol 8enegal i s gelgd otne diiveee t®metisvsstody cover
The experiments and findings of this study w
chapter 4. The questions addressed and answe
Chapt-dmcdnsi stent definitions causing discr
dryl ands
Quest Wbhat lare the definitions of woody covel

woody cover maps? What are the physiognomic
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these studies and the rebased atessatycatund
recommended by LCML?

Quest iHomw 2nuch di sagreement does dhet beexis
inconsistent woody cover definitions?
Chap3-®&ef i ning and Mapping Tropical Dryl and
using UAV Data in Senegal

QuestiHaowdlclan we map the woody cdeérfr nebda s e
physiognomic structural traits (height/cover
QuestHowsRe comparison of the map accuracies
under -mhecbesy woody cover height/ cover def.
Chap4&-®onitoring the Woody Cover Change in Se
Quest Woh!l 1t he cover maps generated under t he
enabl e unbiased area estimations of the wood
QuestHow Much area of waodoedfyi nceodv etrh ruensdheorl d sh eh g

change over the | ast eight years in Senegal ?

1.2.2 Terminology

Given the great variations i n dryland v
terminology fAtreed and Aforesto are not appl
woody covers thmty amdl spopr @o@d¥y¥1l1Q@egetati on.
the Awoody vegetadieord péfaats anad tsedetfamed
The fAwoody vegetationl ewveler penredmrtr scawert hfec
vegetation. Thetiowa dhey woowdgr é orensewher e t he

the defined heighéevahdwecodgrcoV¥he piraly mas
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specific height/ cover threshold of t he wood
mapping the cover of woody vegetation with
wi || still fall within the forest5mabhegghy

and >10% cover) (FAO, 2023).
1. Di 3 serSttatuicaanur e

This disserftiavtviapiresht ashschapter introdu
this study, including the significance of <co
and gaps in existingndraykhkamd ewliohobdty accomMl e brea pe
to advance and fil/l the gaps conttdien prudnry
bodi es offhtteicoshatpiseéyf.ocused odi fefxearne nnti npgh yt shiec
structural thresholidstiodgtweodmappewdenrn astgedi e
to reveal their spatial disagreements as wel
we coll ected from Tilihelhadh pviscerfko ciuns eSde noeng adle si g n i
to map the woody cover under different phys
remote sensing datias pfarcerhomumlet ioplte caduranas SA
optical ahllfed uodtertadsatbaui |t upon the definiti
the third chapter and examine t het ecranp asbcialiet y
monitor the cover dynalhe sf ii fnt hd royH eaptde re caosn
findings of the preceding three chapters anc

foll owing the outcomes of this study.
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Chaptlemc@nsi stent definitions causing discre

dryl ands

2. 1Introducti on

Before t he ear tkhechph €8 p®a tnitoerd eorua, t hat
compari sons of widely separated areaso were

recluded a Acompwnahegd98tfpipm beastha®l i shing t

- O

arge area mapping usDegranddohehgn®@e@aseduchkn

 —

99 emphasi zed the solution to this Iimitati

and algorithmic charsetiees zaat @an doébweswaer,| | th

a given. A key source oderviaved nmapes nineansh
application of data and/ or al gorithms to nc
cl asses of i nterest ar e of ten ambi guous 0
met hodol ogi cal approaches.utTeh efsoer cdhrayl |l aenndgse,s
cover | ife forms vary greatly in size and d
cl ass (e. g., >80% canopy <cover amd hxIgthrer he
het er ogredheirttyer, | ess dense distributions t he
thresholds defining the structural | imits of
validate the accuracy and corr eswerndmalpy. r el i
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extent cover 0 her e -ddeirfifveerds fforlo ni& rtgheeo 2w/ € h odva
refers to the | eaf area intRratetptetd dly. sky9d 6

The Land Cover Mef & 30Qd2dR2AB028CMESedi ng
United Nations Food and Agriculture Organiza
(LCQYi Gregori o peti dels. @ 2@®@xa@&) |l ed conceptual
for appl yi nguiclltdissgdfeif@rmsnmaipopnisng | and cover,
form, height, cover, spatial distri BMhtiiten, m
(19®3)pnt t( 1e9t&avall ot hers, physiognomic structur
can be used to definEiga)elg@sdeswoft waiody [a
used by a number of global classifi¢cBAOON sc
2023; Hansen et al ., 2000; ToBBPINnie923p0pVvEOWaI

14


https://www.zotero.org/google-docs/?broken=c3JPoC
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on Climate Change (1 PCC) |l eaves countries @
definitions with a rang(eUNFHCMC,.i g2htt0 tapgncde ncto vyeer.
use of high (~21)0 am;d ev.egr.y, hS eghita M a®0d. 5P | ma n—e t3S amg
spati al resolution imagery has advanced the
individual trees and shrubBrsamndt 0dtr daldp,al 2@2 r
2032 Reiner .etHoave.v,er 2a0i2t3heesre frmagds to provide d
t hr esohfoltdhe masfpBedndar geétoal .s;t a2 ®20Qheg ughwpysiad

definitions without using referenceBdanhdtt ha

et 2a0B2. ,Reiner) et al ., 2023
Here, we intercompar e tahrreeae wofo dyh ec onvoesrt na:
2.)1 over Senegal . The agreement of the mapp

physiognomic structure and t he-smalpebafsieadlrd c i
unoccupied aeri al vehicle (UAWYeTr ilveadornv d d tge
hei ghti/nd ou efaugi @)n2 .(BAmong tmapexabki @2daded al
Digital Gl obe i magery to mamettearadsengultas ind en i arf
3 m] crown size with no other s{(R20@8ppald pali
al |l woody vegetation with height above 5 to
Pl anet Scope i magery, using the presence of
reference data. Worl d Resour cdea elen setXitBeudtredn(aWWR
et al fromodZanti nel 1&2 i magery, defining tr
height >5 m, or crr cawdnd ns3i hzeei gOhBt .m DU raimmegt er ef er
hei ght was estimated through visual Il nspecti

intercomparison study was conducted over Ser

15



forest to Sahelian savanna anandocowesrmponfdi w

vegetauren2(RBig

Brandt( 202

Sour ce Reiner( 2e0t2| Brandt( 2202

( WRI)
Tree exten Noiorest t
Mapped 1 (23.44A~2 Forest faomd West Afrid
. tree covel Sahel -Awni
|l atitud
zone
Dat a Ye 2020 2019 2005018
Resol ut 10 m 1 m 0.5 m
Sat el | Sentl nel . .
| mageri e Sentd nel Pl anet Sc Di gital G
(Height
Tree pefof (3 m O Height O crown si z
& crown di

Wor |l dVi ew| Googl e Ear

(trees i d &Bingier'g'tale.Ic

Referendvi sual i nt (trees id (trees id
i NDVI, sha
height/ p woody pl a crown si
shadow) shadow)
Produc 1 m binary 0.5 m bin

Del i vel 10 m prob3

ma p Crown m 4

Tabaldhe summary of the mdams st sdtudyépl@B2@aapmp a
Brandt 2028381 Rei h20.22) al

2.2 Methodol ogy
2. Btuudy Area

Senegal i's |l ocated on the west coast of
|l atitude, and 11.4A to THRe5AWpi halDakfpir Se e g
|l ocated on 1tdred WEBAMNE Nj4a8MWé cl i mate in Seneg

16



t wo seasons: the dry season (winter) from No
dry wind called harmattan; and the wet seaso
humi dity and high temperatur e3.00Wem/ ysre aism nv eprr
zones in the north to -bpmto dlBO0OOomeygt someer
Senegal consi st(sDimferfsaueri necear eag eETdiwez2sOt1 7S;u dvdhnii
savanna (58.2%) is wité@inphhWeoShdanoan wkgchbh
species and consists of a vegetation gradien
sout h. The Sahelian Acacia savanna (27. 6 %)

bordering theérS8akataonegiooealk o idlmeni mantehd, | an
with scattered shrubs and trees on sandy soi
accessibility 1 n tshivsanmeginors.ai Gu i(rnie3a m %) o raensdt
(0.)7%re withG@omngohlei aGuSundeaani a regi onal transi
di stributions of savanna and forest, repr ese
and big patches of dense tr opsi ceadt efnosrievset smaon
forests distributed along t hEBhe otaspgogrhaphysu
country is mostly fl at, resul Thegcl nmat ¢ agugeée
and resulting diver ssist ySeonfe gvad g enhaakte so ni tf og umis?

gradients of vegsttrauddtonr glh ytsri aigtnso.mi ¢
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N Dakar

N, [14°N

- . N, 113°N
Field UAV Lidar ™, Guinean fores Savanna

N Guinean mangroves

Fiug2e.E2cor egi ons of Senegal abnads efd ed at as t weadrye s
using RIEGL I|idar equi pment. Ecor(e@ilorihboun
change of the vegetation along the ecol ogi c:
photographs on the right.

2. 2i2dar Data Processing

The -bDA¥ed | idar data were the main sour
validations. The data were -8¥8uilwedht AP&0JYHh
scanner system mountedpbdbaedf oamDIJThdMasenser 6
infrared | aser pulses at 100 kHz pulse repet
and trigger multiple returns. The 3D point <c
ground objectbsedabybeegending the travel ti
was flown at an altitude of ~25 m with spee
point density depending on the height of t he
02/ 2203 2&0nd 02/ 27/ 2023 during the dry season

weat her conditions for UAV operations and ro

18



fl

co

ob

st

t h

Po

ra

be

We

ra

i ght area over eacki gulrét 2a @dise ewwep ytloot s1 3we
|l l ected over natural vegetation along the
er agroforestry |l ands on the west coast.
vol ves -pawcdas ansgernassoirn gmatnhuef act urer ' s soft
ternal processing, which uses geospatial s

int cloud) obtainedpflicmati mnhempmualpopresccessi

During the internal propgresecengi, ngvekifnemat
rkfl ow to calibrate the geolocation of th
tained from the NovAtel Pwr Paka hbass e tshtea thi:
ation log files were first converted to t|
en used to obtain National Spatial Ref eren
sitioning User Service (®PdJBSet ipa ovurdweay b(yN
w flight tracks were then processed using
POSPac software to create the calibrated
curacy. Then we udeod gRioOPROEGE®ED ceoftthwardase:!
d export the point cloud in the widely useEe
ternal processing, we used LASTools to co
ps. First,tds hwergea oiudv@n tpiofiined using the 6I
yagmndund hei ghrtowrdd emaihnthowmas cal cul ated wus
gridded trhel®odimtr e€d wluwt ii oonf utsh en gp it xheel mao
sterized digital surface model (DSM) . Af t
signed 0O value to the abnormally high valu

ople and animals. tWe aldge par t ihaduieynaigoe nohwet
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|l ess dense | aser scannim@solUstngnt DEMy ewel W
generate the reference woody v etgherteafh mlad e(ov e
2)4 We <created eight sets of reference cove
m, 4 m 5 m, 6 m, 7 m and 8 m, respectively.
cover maps at di fferent respilxée#licemg COdOVETr m,
calcul ated as the ratito pifx elhse tchoautn tmeoeft tthhee
height definitions, to the total count of th
extent. I n this way, the cover here refers t
by t he kwdritgihdal Nsote that as the resolution
the map contains more 100% and 0% cover valu

cover FRiadwdlkee Al #A the | idar pl ot HRiOgwrBe hZzi ght
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Plot 17

No RGB image

Lidar 10 cm
Max Height

Lidar 10 cm Lidar 10 cm

Max Height Wingtra RGB Image Max Height Wingtra RGB Image

Wingtra RGB Image
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Field UAV Lidar

H(aj)a(erle(i);hmt Wingtra RGB Image
Height (m)
[
25
5
7.5
10
FiugeThe3i mages and | ocations of all the UAV
cm gridded max height of all the Iidar plots
optical i mage of the plots, whichctwha(esneteak en

next page)

Converting from 10 cm max height CoverofVeg >2m | "
to woody vegetation cover \ .
in different resolutions . #(>2 m height pix) Woody Vegetation Cover

e —
Lidar-derived 10 cm max height #(Total height pix)

1‘0 cm max height within a 0.5 m pixel

= LN = 76%
25

Cover of Veg > 5 m
0 #(>5 m height pix)
~ #(Total height pix)

- 15 60%
25

Wingtra RGB Image

Per pixel cover (%)

Count of 10 cm height pixels
that meets the vegetation height definitions

% = - - Cover (%)
Total count of 10 cm height pixels -0

within the cover pixel

0.5 m cover . 100

FiugeTBedwor kfl ow odercionecdrt0anrg mwaA¥ hei ght ma
maps for different height thresholds (>1 m t
The calculations of single pixel5 cnovaerre fsohrow
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Given thadcrowe gapdhiwere accounted during ca
to foliar coverinwbdicepisikegllpggheaf area

2. YaBidations & I ntercomparisons

We compared the existii2@,2Reisn¢2 0@t gyBala.nd
Brandt 280t@BdIh. olmaseéed dmaps to provide an asse:
vegetation cover and height these ma&20)epr e
mapped trees outside of forest in 0.5 m res
Digital Gl obe. The map is a 0.5 m binary treect
m| (no height thresh(2@ha&pppddeeddoyveReiamerl ant
over the whole Africa using PlanetScope sat
cover mask of vegetation O5 m. World Resour
tropical tree exl eaddtmirpd(aBsraamgd tS eentTiareeels PR A 2 f
WR | map are defined as the woody vegetation
with O5 m dbamethei gwitthTB8e WRI map is a 10
representinbi thweofiponbabr more tree canopi es
pixelo. As the map probability value | acks
C ovpeerr c e rrtilggee)s,2 (we converted the WRI probabil
this study by setting thetpeoebabvéiln tygrreedee ecd
cover absence). A summary of the 2nalpAl It htathr ev

maps were evaluated in their original resol u
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N: 15258, RMSE: 24.10, R2: 0.09

ERE
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@ : @ 0 @ @ IOHDEDODED AERBD

80 jeme 0 HRHO®D 3 N O BOR)
ono @ 0 DD (BBD D
0 () 1 @0 OE@IRRE WD WX
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| GEBESOIRBRROSRO@ONND (00 B

S
(@)

Brandt et al. (2023) Probability
S
e

Fitted Linear Line
0 20 40 60 80 100

Lidar-derived Cover of Vegetation > 2 m (%)

FiugeTBe5compar Byamdi 2tORéEBarm. t r ee ext end pr ob:
derived 10 m woody veéegriwed ooocewveadophed]I h
bematching woody vegetation he(i2gOhetBudgeY 2nédt i o

First,dehievendparea of the tree cover was
t he UAV Il idar pixels in the corresponding r ¢
| idari ved woody vegetation coverf earemt whaesi ga
thresholds (>1 m to >8 m). The area compar.i
corresporJAVn ¢d elriaigvhed ar eas,-mabcbkbkagqi hei ghe 0
of the Atread cia.tblfe nmap y(Whwigc i noveerslt ii rgaatt iean
vegetation cover and height from the referen
To do this,-mandéi ngabhkilgédst definition, the
|l idari ved percent ewoowdhys weoeteattiean imdadw a se

masks at each 1% cover i ncrement . We then co
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gen

me t

c al

r ef

and

a of the corresponding evaluated binary
erated for each combination of reference

rics weFiegoelpate&@dec¢ci fically, the userods

er was calculated as the ratio of the col
al mapped woody <cover pixel s. The produc
cul at eido aosf tthhee rcaotu nt of coverepi kgl smnappe

erence woody cover pixels. And the over al
nt of correctly mapped pi xell ssctoor et hfeort o

|l uatcahsutwated as:

@ — (1)

Note that the Fagaubhdey eddoraRkei (nk0a Bt al

ndt( 29208 hi.s i s because in 1 m and 0.5 m r
fewer mi xed pixels with intermediate vae
I ' er differences in thecaven tFiuvgseh 62k dis wh
addi tion, t he geol oc at2i00am@ Jyien aaccccuoruanctieeds fic
l uations. To do this, for (ezaké8 ) a darro undot
d a highest dcatras e ld aFmiggaukraelf))2t. 7\Thd ead acur acy

the confusion matrix were then generat

referencé@O0BOINdediatedl biFnguycedps K§ (
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Cover Area Comparison Reiner et al.(2023) - Vegetation > 6m

a 1 1 i b T 100
| 1 1 1 H
c o L : | 75
2 L | :
g L t - i |
5 L I | 25
1 1 e :
S 1 e ! : ; ‘ — +0
© .
S ] ; ! c Brandt et al.(2020) - Vegetation > 4m 100
= : : : | 9
oz 5m- ! : | . 75 &
< 1 | I T o : a
a i i o | 50 ®
- 1 | | ‘5
% 4m : Ernttn } 25 ©
1 ! Q
° 1 ; ; . N L0 <
[ : 0 20 40 60 80
4 1
o s : Brandt et al.(2023) - Vegetation > 2m
< . d . 100
= A A N " :
22mi ~* A ' 75
2 LiDAR-derived Cover Area | | t50 —— PA
T : : : | UA
1 . 1 . I[ . . 1 . . . 0
0 5 10 15 20 25 0 20 40 60 80
Cover Proportion (of Total Area) (%) Cover Threshold (%)

Fi gurTeh e2 rhGetsahi ng height/ cover definitions f
t he area @ongpmad itsloensbi(nar yb-dacosragyt hes A mle
alThe area comparisonslebevedenwobdygy UAYet atno
di fferent height definitions, and t(Re,2t0hr e e

Brandt 28t2881 Rei 620.228MNheall.idar fly area total
t he -deardiawved proportion of t he tioadnal ovaerreat he
corresponding height threshold. Each red | in
mapped tree cover in thedbdkEpecacver avyal afatt

(Rei ngr20e2t3Baln(d2a20a@y aBr.am2@®)2 @i tahl .t hkdeerUANe d i d
vegetation cover maps UuUs(e2d®BS tcloen vree ft erde n md .
map using >=50% probability threshold for ¢ttt
the reference nviedarddamna owdbi @macy maps basect
t hresholds (the heiaMats tulsreeds H wlrd eamlctha iervead ufart
cover threshol dds) .d eTninoen sdtortatteedd riend bl i ne repr e
reference data, with which the evaluated map
(PA) and ascser8dApccilihe confusion matrices ¢
threshold are provided in Table 2. 2.

We also quantified the spati al agreement
were overlapped over the whole Senegal and

overl|l aps weFrileg €)a2 .c\8el ehtaevck (@l so over |l apped t he
26



with the three maps over the I-matachifdng ghdaf iami
(Brandt{z2e22)aim. hei ght, wB2%)) c o\Vviehre) c(oFAnpgar i so
performed at the (02 ®21B8Y sBrad(ndlQ @2@gtisnaelre r et r &ls.anm
to 0.5 m for Nonteerhceornep atrhiastonasggr egati ng each
(e. g. 10 m) for comparisons wil/ hel p reduc
scale differences of each source.-piWeeldipertdarl
covaegr eement s/ di sagreements under the assump
each plioxcedt ecdb among different (LZAORr3cheandSpBe ant
et (21020% ny bmanpasr wer e algg rme gpaetrecde ntto ctohveer manp
probability védRo@e8df uBedndirectaly. But the r
di screpancies with only 2.6% of the Ilidar

agreements fr dnugad)l2.tShhe sources (

a Geolocation Calibration Offset (x & y) by Plot b
1 301
°
@ 8 LiDAR-
201 derived
1? o9 Cover -
1 .15 0.5m
101 (plot 22)
1
ol9 2% 822
. . . y , — x off
-30 20 -10 10 20 30
o3 LIDAR Cover (% LiDAR-
ol8 20 .iS']-O ) (\Ilegetalig:/'ne;tm derived
1847 ot = 25 Cover
A VS.
F,) 0?1 204 *® ?g Brandt
I 100 et al.
-301 .111 Brandt et al. (2020) &5 (2020)
y off 2 Bl Tree
¢
160 Brandt et al.(2020) - Vegetation > 4m LiDAR-
& derived
< 754 Cover
§ 50 J e | p vs.
e I — UA Calibrated
g 25 — OA Brandt
£ g — F1 et al.
0 20 40 60 80 (2020)

Cover Threshold (%)
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Ma pYe d MapNo

UA OA F1

RefYes| 49444 49224

1
. 05

Re-fNo 49484 49081

50.
(0.

0 ¢
05

84 .
(0.

6 ¢

01 .50

FiugeThe7geol ocati dm20df jRBr acrmdti betat &lId.
resul
shi ft s( 200f@ OByrnagn dxt
(uprleg t2s 28D ,wi Fhigg t h e

each plot and the
T h e -pf eort

exampl e

using t
ng calibratea, dat a
aentd ayl .duri mMm@Angeol oc
di ffernendbeatheotnwaan

toi

cal i brati on2 B&imadite eatccadr.acy of t he 0aDIYihbr at
the UAMelidad vegetation cover mapsatwas ad eas
converted into binary maps based on differen
fradmguragwazs. 6used) . The dotted red I ine repre
data, with which the evaluated maps received
user ds accudgfgoynf gJAPNn aadr ( 0OBPAA By ansgdt VAV al
reference (ref) under the best mat ching hei
height, 40% cover)orimMéepordad utee time bstazhkaedrsdc

Total Woody Cover Area (%)
Over All Lidar Plots (132 ha)

Brandt et al. (2023)

o Brandt et al. (2020)
10.9% 3.1%

8.6%

1.9%

4.7%
0.3%

Reiner et al. (2023)
1.4%

Brandt et al. (2023) - 20.7%
Brandt et al. (2020) - 13.9%
Reiner et al. (2023) - 8.3%

Total Woody Cover Area (%)
Over the whole Senegal

Brandt et al. (2023)

15.6% Brandt et al. (2020)

4.4%
4.9%

2.8%

6.4%
0.3%

Reiner et al. (2023)
1.4%

Brandt et al. (2023) - 29.2%
Brandt et al. (2020) - 12.4%
Reiner et al. (2023) - 10.8%

Fiug2e.P&r oportion of area mapped as tree/ woody
cover maps (2BRHBda n(e2t0 2ad. aRe.i (N20)2 Iy eaklh.e UAV
|l idar flibght har whAobhaedSenegal The proportio
(e. g., tree cover area in a specific map no
tot al area of the UAV idar pl ot/ Sendgalo. Th
the area it represents.
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Total Woody Cover Area (%) Over All Lidar Plots — 10 m

Lidar-derived Cover
(Vegetation >2 m)

Brandt et al. (2020)

3.9%

0.1%
0.6%
Reiner et al. (2023)

‘ ‘ Total Area: 132 ha
Lidar-derived Cover (>2 m) - 18.7%

Brandt et al. (2023) - 18.4%
Brandt et al. (2020) - 14.0%
Reiner et al. (2023) - 8.2%

Fiug ePRoportion of the UAV |idar flight area
derived woody cover map and/ or one or more ¢
(Brand(t20e2tOBaland20&89y aRei 20)2.2)tWhaeln. cal cul ati
et (21023 m and B(2a20dO0bem hinary maps were agg
percent cover map(s20amd nm hpe oBbrasdbndti teyt vall .ue w
assumed that the mappexdeltl reevaa/t veao caynonagyv dri fifre
The proportion was calcul ated as the target

I n addition, to obuiad walai zsegtaitdam | p wrvpea svd =,V
m RGB composite by aggr(edftOR e g n(e2e0m@adtdo &lr Barnadnt d
et (2I0kB) o 30 m resolution and placing the a
channels of the composite, respectively. 1In
di fferent maps are hikBihgdurgédf))2 dlRor dihfef eBreannt
(20,23t)he 30 m cover map was generated by tak

each 30 m pixel.(ZFo®agobrma (REkl,het)rh eelt30alm cove
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were calculated by dividing the count of tre

respectively, within each 30 m pixel
2.3 Results and Conclusion

When | ooking at the spati al agreemend) amo
captures small crowns over the embifdiogh i3 ued ant
di sagrees with the other maps (cyan) over de
artifacts and inconsistenc{(e2gé6ce8pbturasfebeée ma
cover (magenta) and suffers from patodBdy ar t i
t he most trsper ecodvemdgewidae) aexcept for withir
zone, and overall has fewer artifacts and d
tree cover proportion estimates with the nun
Seneliag e@p. 8A tot al of 35.8% of the country
one of the three maps and this numbereti s mor
al(20aB8Yd nearly three t(i2@dNhdawoody Bcawneit @t
three maps agree accounts for only 2.8% of
maps highlights their i nconsi stency and emp
physi o-ghomctur al definitions for shomat j ngsr

i ntercomparisons and assessing accuracy.
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a Total Woody Cover Area (%) Over All Lidar Plots

Lidar
(>2 m height, >34% cover)

8.6% \ 6.7%

Brandt et al. (2020)

0.1%

0.7%
Reiner et al. (2023)

Total Area: 132 ha
Lidar Mask (=2 m height, >34% cover) - 23%

Brandt et al. (2023) - 20.7%
\ Brandt et al. (2020) - 13.9%
A Reiner et al. (2023) - 8.3%

Brandt et al. (2020)
Reiner et al. (2023)
Brandt et al. (2023)

e

Fiuge ThelOspati al di s agdereimeend smasrko ngrad i diaf f
Proportion of the UAV |lidar flight-dereaedwi:t
woody cover map and/ or one or mor e (&f0,2tOhe p
Brandti 2028381 Rei n20)2.2XThael .proportion was calc
(e.g., tree cover area in a specific map not
data) divided by the tbolthad m3a®& @B ood mp chsei tUAVc o
(red: Br(a2n0g2t0ge e eal . (ReG;N3Nrl vet BIR.OR BN lew s tad at
the spatial differences among different maps
high cover values of the corresponding map i
the relative | ow 2v02I0t)be ombhgBnamadi ndi calt es t h
Reiner 2802831 yell ow indicates t he (r2e0leadtpitve |
viually evi dehA 2Zaionhlixampap) (extent marked i
of the 30 m RGB cO2@d®dBFHetien(e2rB &edtdl daBlr.am2®2 2t al
respectivel y.
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To |l ink the maps to-stthacspeei ftihec ephpsidec

rresponding accuracies, we varied height a
ch mapoés spatiiahdraxneeé swthieowees wlnti ssi on and ¢
re balanced. The resul't Shemwast cthihaty edchc
finition: (2Bb@O0OBrmnbinatyatree map best rep

with >55% -tosepoprwi bh 8 .2B@B%5023mebiReamegrt ee:

st represents woody vegetdtisecmr=6 om Wi 47 8
andt 2&t23aim. tree probability map, represent
ver -Wi shoaeHiogfurlea b2B)g However, tlenicsemminss

rors vary greatly between the maps under t
(21020 m binary map yielded 23.4% producce
curacy (UA). The |l ow accuracy is partly du
bmeeeel validation. THheivselwagse osruepcpta rdtiecdad biyo !
i gi nal accuracy (1IPAs cors®iug &) .20))BFe(robB @ %r e i s
sues, an overest iFuinge i plnofb(f& ntdr eteh ec rloiwmist e d
curately depi ct ¢ oFni t gi unrueopul 2o.))1f lodrrees t maciann o p &
ntributing to the (l1200v 3UnA ba mda r BBA .maRpe iyni eerl deetc
. 8% UA. Under the best matching definitiol

er the north andFing Wrddpé 2)lulb&lp maan s ziooe ¢€r |

idespread, Il ncluding o¥eges pil alddsf otf hel ez

dani,ant lag emap has poor agreement with the

omi ssion errors confindnlB®) Tnn emaBpr aynideé | deetd ad 2. 4

curacy and 63. 1% user s accuracy. Overest.i
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woody vegetation for agroforestFriygusigtlezst 1ldn
29 . Underestimation i evident i n extensi Vv
Sudani an bi ome, which features continuous s
crowhisgu(r epl Dt116When overl apping the | idar bi
incl usmatecthiesg definitions (>2 m height, > 3 ¢
' idar flight area, only 1.co%eaf atghree eammeena Ha s
sourcese (B)i.g0Meanwhi |l e, only half o(f2 0Ot2MBe ar
overl aps | idar woody( 202 @lye s santdh afnor4 0B%.a nNlatt ee
sample of | dar -sd ded, itshenodo verobedstiilmatye o
t hat of country | evel which indicates that
(Fiug e) 2. 8
a.

Ma pYe | Ma pNo PA UA OA F1
Refyeqdq 2101( 6894 23. 4 23. 7 78. 6 0. 23
RefNo| 6774| 48124 (0-0¢ (0.0 (0.0
b.

Ma pYe { Ma pNo PA UA OA F1
Refyeqdq 6213 6751 47 .9 47 .8 91. 4

(0.1« (0.1« (0. 0¢: 0. 47

Re-fNo 6796 13834 ' ' '
C .

Ma pYe { Ma pNo PA UA OA F1
Refregdg 1989 1199 62. 4 63. 1 84 .5

(0.9 (0.9 (o.3 0-62

Re-fNo 1161 1090 ' ' '
Tabl €o8f Bmwaitan x of each map vs. UAV | i dar ref
hei ght/ covaer Breafn(diOtxid9 nafl woody vegetation >4
b, Rei n(e2r0 2e3t) a(lwoody vegetati on >Bor am(d2té 2edh tal
(woody vegetation >2 m height, >34% cover).
the reference pixels and map pixel s. Pl ease
counts from an opportunistespeamptlt @.t Aidestvanmh
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Lidar-derived Reference & Map
Qverlap

Reference Product Map

Wingtra RGB Map Lidar Height Map

¥

Pixel size:
10m*10m

Lidar Cover

(veg > 2 m)
- <= 34%

34 - 100%

Brandt et al.
(2023)

Pixel size:
0.5m*0.5m

Lidar Cover
(veg > 4 m)

M <= 55%

55 - 100%

Brandt et al.
(2020)

Pixel size:
im*1m

Lidar Cover
(veg > 6m)

B <=53%

53 - 100%

Reiner et al.
(2023)

Heigh )

M Correctly mapped woody cover mo
Il Committed woody cover 25
Omitted woody cover 5'
I Correctly mapped non-woody cover 75
M 10

Fiug e RamMdl es of i ssues i n 2t0l28RemapE2 ®EBPabnd
Brandt 2&R208he first col umn-dieg itvleal e fnamr gn ae (
mask undaemrattchhe nlge shtei ght / cover definition fo
column is the published map (binary or con
i nteetrisen of the UAV | idar and publoicahted maAy.
optical RGB imagery. The fifth column is th
| ocations Fameaereh@wr i n
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The resul tisnteefr ctompamapson highlight the p
mappi ngevPewwed results that appear to have
this important gl obal |l and cover, but do not
dotletto advance our understanding of this e
Digital Gl obe) prove chall enging gi ven i nco
seasonal sepnwsandesugeometry, and afsersdrmawinnd etr
cannot be cor r eFcitgeudragsBRetpe(rmheetairmdlnligy a(l gor i t hm
not only on individatlnddebkei qalttr/os®sv esrt rtitcr e
continuous stands of varying height t hat d
monitoring, the challenge is even more pron
requires accueatacmapsabte.tlRensefjuentl y, any
depend on -4 bhels ea gnaipmwatmass, ecsar bon accounting

or restor-ateonoempfomi sed.

We recommend that woody <cover défupotiturah

classifiers historically used by the UNFCC

initiatives. Li ke any theme of interiesh, t h
and what does not. I ncreasingldytavahladregllain
mapping challenge, and | arggi amelai daunudd atsa s
more i mportantly, as valiioast itoon.f i@hamgiard g otrh

using the diameter of a crown as the <c¢cl assi
noinsol ated crowns that would i mpact | and cov
Definitionsofgae®tdcwnt wrhaylsicl assi fiers need |

mapping dryland ecotones, enabling assessme
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extent of woody cover, so as to provide a sc¢

further applications.
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Chaptleef i3ni ng and Mapping Tropi cal Dryland W

Study using UAV Data in Senegal

3.1 I ntroducti on

Dryl and ecosystem hasidr aswnmodiaaduyessaso ngt s
vulnerability umak®gu ® ee tcVieamin.gir n2g0t Ic #4d wehver0,1 8 )
|l ackhcefua@acdeunting of t he pestsntchal | engdyg «cCI
under standi ng recfg ati desanrghbcoors ystt @ank s |l and wuse

i mp g cCthsap.t er 2)

Wh e n mappi ng woody cover u siitnhg irrecnroe aes i
obser wgtaitd md rems o~l w)0icomr y +3@dd woody cover f
mi xed pixels. Height and( Hanseern heatv eR bbteaepn@ @dl 6r,
et 24022019)but sensitivity for short, spar s
fundament al ' i mitation. Studies using coar s
(e. g. MODI S and Landsat) and per pixel cl as
includedcolpgipdhal metrisees i Esomodemxypd ot t md he
extinction properties@Baofantdal leHadisfefne r2ddrit@ij at, €
2003; Hi ggi nboNagel litr knlan®@DdBogvngt 2000, 2
Shafeian ;¥an@land 2@¢Rd2v)s , a 2t0ilWe mi cr owave | ma
aperture radar ( SAR) to capture structur al
energy with stem or( Maotl hiiaegue eotf awo.o,dy2 Oclodv;er |
Urbazaev et oal 3) »01%) opti cal and SAR input
strehgndlsang et al ., 2020; Baumann et al ., 2

Nai doo et &a&ah. re2zehé6) yearm;, d.hge.-29Semntafnweiryh h
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(~0Om5~m3 e. g. Pl anet Scope and Maxar) spati a

mapping of dryland woody cover as objects to

l earning(8rgodittlmihs al . , 2020; Brandt et al
2024; Wagner et al ., 2024)

| hheexi sting wosptdgee tonieti map of Atreeo, naf
are often vague or | acking in terms of defin
cov(eBrandt et al., 2020; Schnel lFoet exlampl 201
research has focused on identifying the sca
forest mapping efforts, termed fAtrees outsi

subcategories of TOF oired abheétewdedm tghe eT @H ea

cover/use types (e. g. foBebnel urBamadhde8 0

(20@ppienddi vi dual emea verr dtevtele usulmg a mi ni mtu
the classifier with no other structural para
(<@ tall) and taller woody vegetation (Figur
the definition and the reference dat a, wi t h
| abellBansgt i n et al ., 2017; Baumann et al ., 2 C
Nagel kirk and Dahlin, 2020; Reiner et ,al ., :

or supervised/ unsupervi ddd ggli amdb it ft ioama teitora | a f,

et al ., 2019; Shafeian eatf teelr. ,viZx02l,; i Yrasnpge catn
resolution (VHR) optical | hages.( KEeard gir n ett a ne
202mapped all -fforestt tammae :moinn Africa and st at

woody veget-amj owhibleé osdvubi ng reference data c

the | abeling criteria. The tropical tree <co
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(Brandt edtefaln.e,s 220 2 )ehe i pgshitn g rtiteers a, with t
of 3mtwoosdy vegédmadrn @wmn wditdaameter, but these d
in the map. During training, hei ght was est.]i
used as a primabgsgdi lere3Jheestmpt eesti mati o
Bastin edsad.stf2ddw)and crown size to distin
specific definitionsUAWOnory -lpa shleedivh st s dc hsabhaua

Light Det ect iloind aadnadt aRaonrg ipnigot( | ev el forest |

(Anchang et al ., 2020; Mat hi eu et al ., 2013;
and these studies are typically I|limited to
repeatability of data colllicégmhem€ucoahtdl g
training | mgruwmtle fverget atgen structure sampl |

Dynamics I nvestigation (GEDI) anad (Ilc@psSdatl ou
However, it is difficuflotr niaotri oGEDlo rtwdbsehroerttiaivee
si gmitf ipcoar t i on of t r o(pHacnaclo cvko cedt yT lacko. ypenr@ Dedx®i) scto:
systems -Bf eh&ESat the short vegetation det e
aggregated inraelkgsmenhat al omgt tspati al Compe

( Neuenschwander and Pitts, 2019)

I n ¢haptwe present spatially explicit wo
fidladed UAV of passive odptdiarail v epdh osttorgu catmnreet
providedalfa neover/ hei ght i nformation for tr
empl oyed Har moni z2e d( HlLa)d saantd SSEAR -idhaatba nfarpgm n$
i nputs. The high tempophéndlregliuealcyv arfi &dtLiSo n

and Seéentdianteal compl ements the optiandlor mmages
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Specifically,

we

and -awsdildedsiitdeadr

gener ated

height threshol ds
based GEDI data. We also
maps in drylandataohideg

emphasi z eass

a

compared

set

of 3

t

phegsrodpremi c

he

Om cove

accur

structu

tchoel sl ee-cnha posn st

-

C

twheel Ineaesd @ heelcapabh @amead eobeasVvagi c

derived products wi bbdyyheidalrgpd tiprr étd essternuicttiuor nes
artehe pr sofamgabwsst eval i dati on and the 1 nfor me
was conducted over Senegal which features a
shrubl ands and a corresponding high variatio
3.2 Methodol ogy
Intercomparisons Data Pre-processing
R - . Harmonized Landsat Sentinel-1 Synthetic
Brandt et al. (2020) < 1 RIEGL LiDAR data Wingtra optical data Sentinel-2 {HLS) Aperture Radar (SAR)
Brelmdt cticl, (s Internal Processing
Reiner et al. (2023) PPK Geolocation Radiometric Calibration )
l Calibration Cloud Mask Sentinel-1 Ground Range
Point Cloud Generation Detected (GRD) Rescale
Height/Cover Threshold Point Cloud Georeference (photogrammetry)
Match I Tewema Proces i
l ﬂm ‘ i 10-day Composite 15-day Compasite
l DEM/DSM Calculation DEM/DSM Calculation Generation Generation
. l Rasterization
Compare with Rasterization (10cm pix by max height)
Cover Map in This Study 10 ix b height ) Multi-season Statistics Multi-season Statistics
(10cm pix by max height) | 5 pang Composite (max) Calculations Calculations
l == Geolocation Calibration
idati Artifacts Removal
Map Validation l Artifacts Removal 1863 metrics 162 metrics
GEDI RH100 Reference Cover Maps | Reference Cover Maps EEM
Footprint Generation Generation {30m)
LiDAR (0.5m, 1m, 10m, 30m) . i )
Data Filtering set aside <:——l-‘ -ﬂ—b Linear Calibration 2025HE[”C5 ]
Rasterization
(30m) Dependent Independent
Variables l [ Variables
Regression Tree Model Building “{a"
Woody (101 ensemble trees) W:"
Woody Cover Vegetation ¢——
Mask Evaluation  Cover Map <7 e ¢
Validation PEEEES
Woody Vegetation Cover Map -
(Height >1m to >8m) l Map Generation
Fi g3lTdhe wookfi b&whleeiuglyt / cover threshold matc

studi es was

conducted i

n
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This secti on -bdaesteadi lasn db ocati hr bdorronnee dat a pr oc e
and validation for generating the 30 m woody
bet ween this study and ot her exi swni nign nfa pgsu rw

3.1. The training and validation data used i

3. 2. baksA/d Dpt ac s ®i ng

The bUDA¥ed data were coll ectedl iusgmmtgem wo
mounted on the DJI flight platform, and a Wi
systTenmp.r ocessing and ultiidharg abieens i aotapRtadrGéea
(section 2.2.2) and WingtraOneawal webe <tcatlt
bet ween 02/20/2023 and 02/27/2023 during th
suitable weather conditions for UAV operatio
instruments usually oposekappaedtborlal ¢alwiebirf &t
area over each plot adds dRipgure 3135 K{&Suppl
Matedi angd) ~1569 ha MmomgWiandgt r & lJoigdlacd ad phtaAc abl

coverage, 2 plots had onl vy |apitdincgant s3.)@ Fihgt usr,

Twe mtnye pl ots were collected over natur al K
eastern Senegal, and 4 plots ov&2) agBofbregp
of UAV data wundergone an internal-ppooeesisng
using the sensor manufacturer software, and
eXxt egrenoaslpat i al software to handle the common
from internal processing for application pur
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Ahel:
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Field UAV data o~
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® Optical data only
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%)
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o

Figure 3.2 Lbeatdohsebll UAVAI daldl &M hgd r by oR
equi pment . Ecor egibDdmelrosu(@ddnr7ieees adr.e fr om

3.2.daRoiLnt Cl oud Processing

The internali gabeaeessai hgpi ef chapter foll ow
documented I Duskengi ohe2es2mhbhhr pbyoassveiecg )
geneadt hteer ef erence woody vegetation @evaealg majf
t he verreggs diliwthi Bin@uUEeM The percent cover was ca
pixel, as the radmoheifghthepicxalnd tolHatt hmedtd t
definitions, to d¢meheiok®@l ECteueaent ofromet L&t ¢
for each height threshol d, w0 gmnedaded25 ed

resolufoonthem to be | ater used to train and
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3.2.1.2 Wingtra Optical | magery Processing
The WingtraOne-wGkBN Ivleratfsfcaalrfdt al&abn di ng (VT

carri es -MX ReulEtdigsepectr al sensor-rteldgt bglowedeelne c t
reeddge a-ndf mamaed. The optical UAV was f |l own

altitudmsoroml2WODsul ting in slightl y6.d&nfferen

wi t hm1laI0t idmdvei 8h 21 20t ude. I n additispect o atl h e
i mages, WingtraOne can also deliver 3D poini
which analyzes the overlaps between | arge n

poi nts atnas ctaheudept mtofi nt teh ec d mmagre spo i

During the internal processing, we used
Wi ngtra dat a. First, the raw data were radi
photos atwmantdheuftvepectr al refl ectdance tmae
point c¢cloud, we chose the parameter set for

cloud densificatiomageapeaibfeiigalnlpy, nweadeatsi iz
Ohi gmd namm numbas ®206 maRagrm eemac Is elpaar at e poir
generated in LAS format for further processi

During the external proces2.ing?2 nge LASITb o
to convert each npairntddeldo udnatgee a epd esenting
observed that each band differed m ncoaorpowen tae
generated by taking the max value across th
Wi ngtra flights do not have PPK-5lmageobkbaatban
accuracy, wlki d&mnd i Rlag@ls t o cakibnabécrmVvhegye
i mages for each plot2. 2T.h2een, masn ua |l layr | ays stiog nseec

errors over the buildings and roads and mas

4 3



referenceatcolasrm,halsieddtra,m separately for woo
Im, m2m3m4dmbmém7and (8Fi2gur eWi ngtra optical dat
training f om ngaepnse r(aatnidn gn o3t0 f or .mh)p. validati o

The quality -doefritvleal Wiongqttracl oud i s affec
photogrammetry technimluesvel Conefsegqerane | ¢ oV ¢ Ih e
underesti mate or miss canopy cover when can

and overestimates -caowpncgapsinThaepbet aees

underestimatili eweli nar3edd usually consistent Wi
perfor meldota Wiemrgtra opti calli diatt a&al acpad iWer a/ti isaura
i nspect e dnaeancdh deeacviedred whi ch plots (or part o
For calibration, we |inked the dWitragtursa nagp tai &
|l inear regression model and applied the sl op

Wi ngtra pltcoatl.i bTrhaet iaofnt erFeisguul rtes 3a.rle4 s(hSowpnp li enme n

3.2.2 I ndependpnoc¥asiabgles Pre

3.2.2.1 Harmoni zf€dMeanidsat GBeetriahelbns
The Harmoni zed2LénWdSat pBenides!|l i magery wi

Q
—

requa8ndaysenf asd®0uti on, combining8 tdamrd obs

n
@
S

tA(n@llaverie .& géener 2t0elB) t he ¢l oud mask
assessment (QA) | ayer by meclgowmd, c¢iondys cl o
cl asTsheesl.oud mask was then appdayedconopokl3 eda
generated and wused as i nput to generate th
vegetation cove.)l.moldbe lman g h( RihgeurURAAV3 dat a ac q!

theddyYy composites from 05/31/2022 to 05/30/ 2

4 4
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day composites over a specific

1) the wet sehBGoO27/(DB23)N/2DR2t h65dB9/ 2628dn
3) the whole year, respect iewse |oyf.

ban®&8s ue, Green;l,Reek;d ERIeBeHEga E R,

SWIR2 and three -WNOYeét atnidonn oirmadiil d e d

( SWSW) . The statistical

standard deviations and amplitude

or the band/index value themsel

addition, the

El evati on were

met rni,c sdiifnfcelruednetd pnee

i me

shk oart

NI R Narr ow,

ves.
topograpfiApypdgtaphyoMi SBudbnhl éSI

al (sbariwicd uateAdadausmnmeetrOyd 89pf u tt h e

t hei namesTabsl epr3o.vli ded i
Band/Index Statistics Ranked by Season
Blue 2nd max (smax)
Green 2nd min (smin)
Red Median (p50) Wet season
Harmonized RedEdge-1 10th percenlfls (p10) (05/31/22-10/27/22)
Landsat RedEdge-2 25th percentile (p25)
Sez:lins:ll 2 RedEdge-3 75th percentile (p75) Corresponding Band/Index Dry season
(HLS NIR 90th percentile (p90) NDVI (10/28/22-05/30/23)
) Narrow NIR (Nnir)
(1863) SWIRI (Swirl) *Average and sd of: All year
SWIR2 (Swir2) 90th percentile - 2nd max (av90smax/std90smax) (05/31/22-05/30/23)
NDVI 75th percentile - 2nd max (av75smax/std75smax)
WSW Median - 2nd max (av50smax/std50smax)
s 25th percentile - 75th percentile (av2575/std2575)
2nd min - Median (avsmin50/stdsmin50)
2nd min - 25th percentile (avsmin25/stdsmin25) Woet seas
2nd min - 10th percentile (avsmin10/stdsminl0) ot Se.‘l“m
Sentinel-1 (06/01/22-10/31/22)
Svnthetic Amplitude between:
o Vv . . . ) Dry season
Aperture 2nd max and 2nd min (ampsmaxsmin) Corresponding Band 01/
Radar (SAR) VH 75th percentile - 25th percentile (amp7525) (11/01/22-05/31/23)
(162) 2nd max - Median (ampsmax50)
Median- 2nd min (amp50smin) All year
2nd max - 75th percentile (ampsmax75) (06/01/22-05/31/23)
25th percentile - 2nd min (amp23smin)
SRTM DEM

Tabl @&h8. Summary
extrapol ati on.
for al

and
*)wer

ma p

e cal

cul

ated

of t he
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HLS opti
n tot al
t he

v al
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2026
ues
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3.2.2. 21 Seynntmetti c Aperture Radar Metrics Ge

Synthetic Aperture Radar (SAR) is an act.i
mi crowaves and collects i nformati on about
backscattered signals. The | ong wavebedgt hs

cover and be operated dulriing abno tshpaadceegb(olr nnde nG
SAR system f | ypalgay somnigr oan oruesardmalyi tr ewi shtat
delivering datnm rwestdll Tumranmoens t @t Hahle. ,s enGB2A) i s
pol arization system that emits the signals

receives in the H or V polarization, al |l owi
pol ari zat i oemamd ghAaR ueerrs hpeCvetgredtat i on canopy,
optical data provided by the HLS informatio
Sentl n@&rlound Range Detected (GRD) 10m data f
Sentl n@RD habewalwla| eowenag VV and VH pol ari zat
rescal ed t hme biyma @a&ks ntgo tHh® medi an for the 3*:
generat-ddytmediLl&8n composite dating from 06/ |
and VH, respiemith aely. todlekhe HHLS optical dat :
generated three mdthrei avedetse afsbd/ IAR2OAR2RLO 22!
season (109/03Y/220®23) and the whole year. We
of LS for VV and VH bands, but only based on

set , 54 metrics were generated. A swmfnanbadrey of
3.1 oming with HLS and DEM, we havevairn atbd tes

for modeling input.

4 6


https://www.zotero.org/google-docs/?l6STk5

3.2.3 Woody Vegetation Cover Map Generation

To genermtwooty BO&getati on cover maps usi
thresholds, the regression tree model was ap

woody vegetation cover maps derived from UA

met (iBe®i man,Thle 8rdeggr essi on tree model -has be
scale |l and cove(Hamdeahangeael mapRriOdAg; Pickens
2022,. 2D®1gener ate a cover map for each of t
(> t on)>8 one model was built, trained using
all the procéesdatdawWi Mg2®W&k gopnkel s; f olri doavrer | &
data were used). Additionally, we mamiuxaél y) c

with no vegetation cover using Google Earth
into the training setni gluhee waos dussteedapioac glgr @ g a
(Potapov .etDuwrli.ng 2i0@pl)ement ati on, we gener at
woody vegetation cover at each height thresh
training data with a 30% sampling rate. Gi Vv ¢
few sites, for cover mamp st oo, f6 wweo oidnyc rvieeageeetda ttit
sampl i ng reantde sc ofvoerr hviaglha ard ; 8veen b oftchr | "ecmrdeas ed
and redueadlampéei hgwrates. Each model was app
t he -twoad Il | feature space provi dedctiByohH2&,ndSAF
eight cover maps for the woody vegmtabi o8 b.

m) were generated.
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3.2.4 Woody Vegetation Cover Map Validation

3. 2. daRi dlid Data Validati on

To validate the reliability of the mappin
vegetation cover maps usi mpanamnallyl yWicnogl tlreac toepdt
as training, following the same.n3oTldled i Wign gotrr
optical data thiadamaewkeappedcwutdked from tr a
remailnidnagt a a sq uélei thyi gihndependent source to
validations were performed for al | ei ght C
predictions using the foll owing statigtiocs:
( MAE) and Rg¢grdehei onnlkeianes of the predicted
map were also generated.

The accuracy of each map was al so evaluat
foll owing thdametfroovodal aghyd Ofl t hof (2004) panmnd
pi xel proportion of the agreement between th
summed over al | the validation pixels for €
producer 6s accuracy (PA) andy tvhegeotvaetriadnd aac\w

t he equations bel ow:

.. B p sa is
U0 —
U
- B &Q#& h
° B &
_ B aQuh
v o B
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wh e

ass

Add

di f

veg

t hr

t he

re N is the total coants ofh ep inxaeplpse di nwotohdey
er percentiaige tfroe rmpefxerlenceandover percent
ume t he ma p-pe da tceodv ewi tihs tchoe reference ¢
itionally, we evaluated the binary woody

fereovehedeghi hcti ons. Bot h |tihieasperde dw ocaot deyd
etation cover were converted into binary

esholds corresponding to each woody cover
woody cover was <cal cucloartreedc td sy tntae preat iwao
els to the total map woody cover pixels.

calcul ated as the ratio of itxheel sc otuon tt hoef
erence woody cover pixels. And the overal
nt of correctly mapped picemmorloy otuheere d ot

eshol ds o0fl10f% raensdt 3d0e% iweirtei gn ven special f

(FAO, HAOWX*En et daHie sED2O@O0Y or both evaluation

cz06z7Y0

" o
Note here that both the subpixel fractional
sample, as field sites were chosen opportuni
3.2.4.2 GEDI Tree Mask Validation

The spacebornel ifdsayls t-edd wdbfadr mEcosystem D
|l nvestigation (GEDI) onboard I nternational
source of reference data for our validatio
measurememt soohpri2bt si ze, s{Pubayabhoebual m;
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https://www.zotero.org/google-docs/?broken=MwUT7a
https://www.zotero.org/google-docs/?broken=5uW2OK

Unl i e ftahed d dat a, which is Iimited in terms
of the GEDI datasets enables validation of t
compl emelnitd @l d hedat a validati on.

The GEDI mi ssion was in hibernatd®adnbet w
therefore the 2023 data is avail alyleearorGIEYDI un
L2A El evation and Height Metrics Data from O
range covers our UAV data acqiuorss tfimoomdtahe .p
st dPyot apov ,etweals el e2c0t2eld t he GEDI data that
beam; qguality flag is 1; sensitivity >= 0. 9!
the relative height 100 (RH100) metri¢, whi
and thus can be used as a mask to indicate t
RH100 height. We assigned iexaecdh c@EmDIlaiwa lnue ttho
of that GEDI footprint. To validate the wooc
maps and GEDI data into binary woody cover m
the cover mapewet at i>om height thresho-d d, we
woody cover ( max Oden) g hat®doifatwe gneotoadtyi ocnover (|
veget am) onAecdrdingly, for the GEDIOARHLBO0, t
| abel esoadynonver, whi ch -woso deyq uciovvaelreon to nt ot hteh
and the observation with the height > 4m i s
GEDI data were used. Due todthenbygycetrhtaiwmntoid
masks (binary maps) mwt mh#&beeghtal t daesbol or

user 6s accaréasyacpuondaoy, -bvsaarld vaercalraalyc wln
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https://www.zotero.org/google-docs/?broken=9aiBA2

3.2.5 Intercomparisons with Existing Dataset

The best cover map dmriwvewoddymvedetsatsitar
overl|l apped and compared | widtdm gthh e atrherae et omaepxs
agreements. The compari soms| emealeBri&mpdtetmem t & |
(20,23t)il me c®@er map were gener atme dp rboyb atbai kliintgy t
eachm PG xel .RekForerbetamBd andt20t3) atih.ec(@20@2 0 maps
were calcul ated by dividing the ne/odunpi xoefl st r
withinmepikxel3 0 When overl apping the cmover m;:
pi xel, the mapped-locwdred ovfi tdhachcmaptder . ‘
accuracy of our map to thenaothemg thkeigdt ma
thresholds of the three maps.

3.3 Resul't
3. 3Nobd/egetation Cover Maps i n Senegal

Area Proportion by Ecoregion for Different Maps

23:67% B Sahelian Acacia savanna
22.859

12 - “EEL West Sudanian savanna
’\; Guinean forest-savanna mosaic
< 10 - 19.31% B Guinean mangroves
o
<_‘: g 16.72%
5
- 13.49%
Y= | o (s}
Sk 11.21%
= 8.32%
8_ 4 A 6.44%
o
o

1m 2m 3m 4 m 5m 6m 7m 8m

Height Threshold of Vegetation
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https://www.zotero.org/google-docs/?broken=uqtNB7
https://www.zotero.org/google-docs/?broken=uqtNB7
https://www.zotero.org/google-docs/?broken=A4HygM
https://www.zotero.org/google-docs/?broken=udziwB

Fig8@rmMhe proportion of the study area cover.
height definitions by ecoregi on. Tehceorbeagi gn.o

The tot al proportion of woody vegeratiach bad
group.
OQur main result is a fimlrde sUAVutdiadm map s |

vegetation cover for the entire country of
di fferent heighm ttdnre&hohddm i mememént s r es.t
vegetation cover maps. I n total, 23.7% of tF

m, while this number decreases n o FE3gW®H ewh en

Fig3rbea versity of woody vegetation compositi
composite map generated by assignih nm wdodny w(

vegetation cov@rmiwbtodygreegetadi &n coder i nt
blue colors in the map highlight the distril
hei ghts, whereas cHam iBndn &aetgeest att h eo nmiaxn do fma2

t he mi8x mofand >8 m veget aahbisoennc eBloafc k>2 nnd i wead
upper right plot shows distribution of the n
m by |l atitude. The bott-om thraen@l|liemag@dés t dies pnl

Di fferent ecoregions featur2.)4i Fremembr h ¢
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