
Abstract
Forests play a vital role in mitigating
climate change by capturing and storing
carbon in forest biomass. Precise
measurement and mapping of above
ground biomass (AGB) is crucial for
understanding global C cycles and
facilitating forest-related mitigation.

We evaluate the Global Ecosystem
Dynamics Investigation (GEDI)
waveform Lidar estimates of AGB,
comparing field measured above AGB
in 566 field plots in 2 forest ecosystems
(mountainous forests and coastal
mangroves) in Pakistan.

We observed good correlations in forest
and mangrove systems but with
significant bias, particularly in the
mangrove sites

Results in forests (Gilgit-Baltistan)
indicate a consistent overestimation of
AGB in low biomass locations (<100 Mg
ha-1), and underestimation for dense
forests (>300 Mg ha-1). In Coastal
mangroves, GEDI consistently
underestimates AGB.

For national to regional scale AGB
estimation, improved calibration using
local field data would improve GEDI
performance and is feasible using in-
situ measurements.

Materials and 
Methods
• We used GEDI Level 4A estimates of

aboveground woody biomass (AGB).

• For reference data, a total of 512
sample plots were measured in
northern Pakistan and 54 in coastal
Pakistan.

• Biomass was estimated by using
allometric equations for each species in
each plot ( m radius).

• A buffer of 250m was calculated around
field sample plots and GEDI footprints
AGB aggregated within buffer.

Conclusions
• GEDI AGB performance is better in

high biomass forests than in low
biomass mangroves.

• Bias (underestimation and
overestimation) may reflect lack of local
calibration data in Pakistan

• In some regions, GEDI algorithms use
incorrect plant functional type (PFT)
which likely biases biomass estimations:
example in mangrove regions the
landcover class of MODIS product is of
wet soil, bare soil, and grasses.
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Comparison of GEDI AGB and field measured AGB in the Gilgit-Baltistan region. 
GEDI samples averaged within 250 m buffer of each field plot. Blue line = OLS regression . Red line = 
1:1, suggests GEDI underestimates in high AGB regions and overestimates in low AGB regions. 

Study area includes a total of 566 field plots in Northern and coastal Pakistan 
Legend: 1 = Evergreen Needleleaf Forests, 2 Evergreen Broadleaf Forests,  3 Deciduous 
Needleleaf Forests, 4 Deciduous Broadleaf Forests, 5 Mixed Forests, 6 Closed Shrublands, 7 Open 
Shrublands, 8 Woody Savannas, 9 Savannas, 10 Grasslands, 11 Permanent Wetlands, 12 
Croplands, 13 Urban and Built-up Lands, 14 Cropland/Natural Vegetation Mosaics, 15 
Permanent Snow and Ice, 16 Barren, and 17 Water Bodies.

Comparing GEDI AGB values to field estimates in mangrove regions.
Mean (x), interquartile range (black lines) and outliers (black circles) of GEDI data within 250 m of 566 field 
plots (field measured AGB shown as x); data are ranked on x-axis for increasing field-measured AGB. 

Comparison of GEDI AGB and field measured AGB in mangrove. GEDI samples 

averaged within 250 m buffer of each field plot. Blue line = OLS regression . Red line = 1:1, , 
suggests that GEDI AGB product is underestimating AGB in mangrove regions (coastal areas). 

Comparing GEDI AGB values to field estimates in forests of Gilgit-Baltistan
Mean (x), interquartile range (black lines) and outliers (black circles) of GEDI data within 250 m of 566 field plots 
(field measured AGB shown as x); data are ranked on x-axis for increasing field-measured AGB. 

Objectives
• Validate GEDI AGBD using field sites

in Pakistan

• Assess GEDI strengths and limits for
forest structure mapping in Pakistan
and the Hindu Kush-Himalaya region

Introduction
• Accurate prediction of forest biomass

is essential to fully comprehend the
function of forests in the global
carbon cycle (Toan et al., 2011).

• GEDI is the first space-based lidar
intended only for analyzing forest
structures (Dubayah et al., 2020).

• GEDI contains a variety of waveform
measurements for each footprint, and
by using empirically determined
calibration models, these waveform
metrics are used to calculate the
aboveground biomass density (AGBD)
(Duncanson et al., 2022).

Citations
Dubayah, R., Blair, J.B., Goetz, S., Fatoyinbo, L., Hansen, M., Healey, S., Hofton, M.,
Hurtt, G., Kellner, J., Luthcke, S. and Armston, J., 2020. The Global Ecosystem
Dynamics Investigation: High-resolution laser ranging of the Earth’s forests and
topography. Science of remote sensing, 1, p.100002.

Duncanson, L., Kellner, J.R., Armston, J., Dubayah, R., Minor, D.M., Hancock, S.,
Healey, S.P., Patterson, P.L., Saarela, S., Marselis, S. and Silva, C.E., 2022.
Aboveground biomass density models for NASA’s Global Ecosystem Dynamics
Investigation (GEDI) lidar mission. Remote Sensing of Environment, 270, p.112845.

Le Toan, T., Quegan, S., Davidson, M.W.J., Balzter, H., Paillou, P., Papathanassiou, K.,
Plummer, S., Rocca, F., Saatchi, S., Shugart, H. and Ulander, L., 2011. The BIOMASS
mission: Mapping global forest biomass to better understand the terrestrial carbon
cycle. Remote sensing of environment, 115(11), pp.2850-2860.

Results
• Results in Gilgit-Baltistan indicate good

correlation between GEDI and field
data

• However, GEDI overestimates in low
biomass locations (<100 Mg ha-1) and
overestimates with higher AGB (>300
Mg ha-1)

• In Coastal areas results indicate a
consistent underestimation relative to
field measurements.

• GEDI footprints per 250 m in the
wooded area varied from 0 - 82 and 0-
39 in Coastal regions.

• Ranked whisker plots indicate GEDI is
underestimating in high AGB plots and
overestimating in low AGB plots
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