
GNSS S

 

 Ab1.

The pur
(UAV) 
forests a
as part o
Experim
respecti
elevatio
providin
surface 
Accurat
receiver
invento
logged.
forest st
Loan 11
can repl
meant t
Septem
some of
cannot b
cover >
tropical

 Ba2.

The FO
2023) th
are chan
contain 
certaint
because
[3]. Ma
relation
will add
using sa
disturba
sink.  

the Peru
data alo

Scientific R

NER
The Trop

Dr Iain M
School of

bstract 

rpose of Lo
collecting L
and peatlan
of two proje
ment), with
ively.   The 
on across se
ng clues to 
elevation, t

tely mappin
rs.  The obj

ory plots and
 These were
tructure and
109 was use
licate LiDA
the pre-logg

mber 2019, w
f the final re
be consider

>80%. The r
l forest struc

ckground 

ODEX (For
hat aims to 
nging in res
around 375

ty whether t
e existing st
aps of chang
nship is foun
dress this un
atellites, all
ance across 

This will be
u and Gabon
ongside trad

Report – 110

RC GEF 
pical Forest
McNicol an
f GeoScienc

an 1109 wa
LiDAR data

nds in the Re
ects entitled
h data collec
aim of the 

ections of th
its formatio
thus indicat
ng these sub
ective of th
d conduct L
e first of sev
d carbon sto
ed to assess

AR data acro
ging data co
was postpon
esults are in
red a reliabl
results have
cture and bi

rest Degrad
shed new li

sponse to hu
5 billion ton
these carbon
tatic maps o
ge are rare a
nd between 
ncertainty b
owing us to
tropical for

e achieved u
n (Figure 1)

ditional fore

09 

GNSS L
t Degradati
nd Professor
ces, Univers

as to suppor
a and digita
epublic of C
d CongoPea
ction taking
CongoPeat

he world’s la
on and funct
ting a domed
btle changes
e FODEX c

LiDAR and p
veral campa
ocks followi

the extent t
oss forests o
llection at o

ned until Jan
ncluded in th
e substitute
clear releva

iomass by h

dation Expe
ight on the s
uman activit
nnes of carb
n stocks are
of carbon sto
and often no
field- and r

by developin
o accurately
rests and the

using twin l
), where we

est inventory

Loan 110
ion Experim
r Edward M
sity of Edinb

rt the deploy
al aerial pho
Congo, Peru
at and FOD
g place in Fe

campaign w
argest tropic
tioning. The
d structure,
s in elevatio
campaigns t
photogramm
aigns that w
ing human d
to which ‘S
of varying d
our second f
nuary 2020 
his report fo

e for LiDAR
ance for pro

highlighting

eriment) is
status of the
ties. Tropic

bon [1], how
e increasing 
ocks [2] typ
ot validated
remote sens
ng new met

y assess the b
e status and

large scale f
e are collect
y technique

09 – Scie
ment (FOD

Mitchard (Pr
burgh, Edin

yment of an
otographs (D
u and Gabon
DEX (Tropi
ebruary 201
was to meas
cal peatland
e LiDAR da
 which sugg

on was great
to Peru and 
metry surve

will measure
disturbance

Structure fro
density and 
field site in 
and thus fal
or complete
R, particular
ojects seekin
g the need fo

a 5-year ex
e world’s tro
cal forests an
wever we sti

or decreasi
pically have
[4], and wh

sing-estimat
hods for ma
balance of r

d resilience o

field manipu
ting Terrestr
s before and

entific Re
DEX) and C
incipal Inve

nburgh EH9

n Unmanned
DAP) over r
n.   These da
ical Forest 
19 and June 
sure change
d complex in
ata revealed
gests the pe
tly improve
Gabon was
ys prior to t

e and monito
.  The data 

om Motion’ 
structure. T
Gabon, sch

lls under Lo
eness. We fi
rly in tall fo
ng to measu
or LiDAR d

xperiment (J
opical fores
nd woodlan
ill don’t kno
ing over tim
 wide uncer

hen they are
ted changes 
apping carb
regrowth an
of the land s

ulation expe
rial Laser S
d after contr

Octob

eport 
CongoPeat 
estigator) 
9 3FF, UK. 

d Aerial Veh
remote tropi
data were ob

Degradatio
- July 2019

es in surface
n the Congo

d a clear rise
eatland is ra
ed using the
s to establis
the sites bei
or changes 
collected un
(SfM) tech

Technical pr
heduled for 
oan 1124, al
ind that SfM

orests with a
ure and mon
data.  

July 2018 –
sts and how
nds are estim
ow with any

me.  This is i
rtainties (±5
e, often no 
 [5]. The pr

bon stock ch
nd anthropo
surface carb

eriments lo
Scanning (T
rolled loggi

ber 2020 

1 

hicle 
ical 
btained 
on 
9, 
e 
o Basin, 
e in 
in-fed.  
GNSS 
h forest 
ing 
in 
nder 

hniques 
roblems 

lthough 
M data 
a canopy 
nitor 

– July 
w they 
mated to 
y 
in part 
50 %) 

roject 
hange 
ogenic 
bon 

cated in 
LS) 
ing 



GNSS Scientific Report – 1109  October 2020 

2 
 

meaning the actual change in aboveground tree volume and biomass can be used to train and 
test models of change (Figure 2).  These ground data will be compared to LiDAR data 
collected via a 3.3m wingspan UAV (Delair DT26X UAV equipped with a Riegl miniVUX, 
worth ~€250K) and a 24 MP camera. This is supplemented by a smaller UAV (Delair DT18) 
housing a MicaSense RedEdge multispectral camera. The UAVs are capable of collecting 
high resolution (cm level) data on tree structure and health over large areas (~ 10 km2), 
information that is unobtainable using ground and/or satellite based platforms. These data 
will be collected several times over each concession, which will be used to scale the ground 
data to give thousands of hectares of biomass change data, and solve the current mystery of 
how errors in biomass and biomass change mapping vary with scale.  As part of the initial 
data collection phase, we also set out to examine whether ‘Structure from Motion’ (SfM) 
photogrammetry can reliably capture various aspects of forest structure which are relevant for 
biomass estimation, and our understanding of wider forest function. The SfM approach, a 
cheaper alternative to LiDAR, relies on extracting and matching the same features in multiple 
images collected from different positions in order to generate 3D model of the visible surface. 
This ultimately requires the collection of accurate and precise information on the location of 
the field plots, and the flight trajectory of both of our UAVs in order to properly generate and 
then combine these multi-scale datasets.  

The CongoPeat project (September 2018 – August 2023) builds upon a previous NERC 
grant which measured and described for the first time what turned out to be the world's 
largest tropical peatland complex, located in in the Congo Basin (Figure 1). The peatland, 
which covers ~145,000 sq. km2, is estimated to be 10,600 years old and contain ~30 billion 
tonnes of carbon [6].  They occupy large inter-fluvial basins, with evidence suggesting they 
are primarily fed by rainfall, however, such peatlands usually form domed structures yet 
satellite data do not show this feature. Understanding how these areas are formed is important 
when predicting how they will respond to changes in precipitation, and/or human land use 
change (e.g. drainage for agriculture). To address this question, we set out to measure the 
height of the peatland surface along several long (5 km +) transects running from the peatland 
edge using our UAV LiDAR. As with the FODEX campaign, accurate and precise data on 
the UAV position is required to ensure that the likely small changes in elevation are correctly 
measured. 

To this end, we requested the loan of two Leica GNSS Systems; one to act as Base Station for 
the purpose of correcting both the UAV trajectory, and the data from the second system, 
which acted as the Rover and was used to collect additional ground control and reference 
points to further refine and correct both the LiDAR and SfM derived point clouds.  

In this report, we largely focus on the data and results from the FODEX field campaign to 
Peru. The aforementioned technical issues that affected the CongoPeat and FODEX 
campaign to Gabon meant that data collection was limited.  
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Table 1 – GNSS data collected in Peru, including the location of the base station, and the 
GCPs/ Tie Points (TPs) which fell under the UAV flight paths.  

 

 

Point Point 
Role Easting Northing Ellip. 

Height Geoid Separation   
Base  420079.6 8786861 273.274 29.5783 

Point Point 
Role Easting Northing Height 

 Difference  
Easting Northing Height 

GCP1  Averaged 421639.3 8781522 327.3296 -0.0183 -0.004 -0.0022
1 421639.3 8781522 327.3284 
2 421639.3 8781522 327.3306 

GCP2 Averaged 421804.7 8781473 326.8475 -0.0684 0.016 0.6371 
1 421804.7 8781473 326.8475 
2 421804.8 8781473 326.2104 

GCP3 Averaged 421381.3 8781155 325.5215 -0.0184 0.003 0.005 
1 421381.3 8781155 325.5243 
2 421381.3 8781155 325.5193 

GCP4 Averaged 421235.8 8780861 320.1918 -0.0288 -0.019 -0.0093
1 421235.8 8780861 320.1883 
2 421235.8 8780861 320.1976 

GCP5 Averaged 421044.1 8780535 332.8154 -0.0079 0.035 -0.1253
1 421044.1 8780535 332.8154 
2 421044.1 8780535 332.9407 

GCP6 Averaged 420038.3 8786857 272.6122 -0.0004 -0.001 -0.0034
1 420038.3 8786857 272.6102 
2 420038.3 8786857 272.6136 

GCP7 Averaged 421016 8785132 314.8272 -0.0038 -0.014 0.0024 
1 421016 8785132 314.828 
2 421016 8785132 314.8256 

TP01 Averaged 420102.6 8786876 273.195 0.0554 0.025 0.0053 
1 420102.7 8786876 273.1964 
2 420102.6 8786876 273.1911 

TP03 Averaged 419994.3 8786652 285.5743 0.0023 -0.009 0.0085 
1 419994.3 8786652 285.5762 
2 419994.3 8786652 285.5677 

TP02 1 420061.7 8786701 276.2394 
TP04 1 419881.7 8786687 288.4827 
TP06 1 421158.9 8784593 340.7131 
GCP8 1 420677.3 8785719 295.7524 
GCP9 1 420667.4 8785559 288.6213 
GCP10 1 420798.8 8786036 289.0394 
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