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1.4 Monitoring tropical forest carbon footprints by PALSAR: present and future outlooks

Rajesh Bahadur Thapa

1. Introduction

Remote sensing and modeling techniques offer a practical means to monitor forest cover, analyze dynamics
of forest cover change, examine the implications of forest policies, visualize the future patterns of forest cover,
and relate the patterns to carbon stock density [1-4]. Evidence shows that light detection and ranging (LiDAR)
allows accurate measurements of geographically referenced vertical forest structures, including canopy height,
volume, and biomass [3]. Using LiDAR data, an allometric model for AFCS can be developed with a relatively
small amount of field measurements and modeling results can be employed to extend the field data, providing a
spatially extensive and detailed source of forest attribute information for calibrating an AFCS predictive model
with PALSAR data covering larger areas [5]. However, direct estimation of AFCS from PALSAR data often faces
saturation problems in higher biomass regions. Consideration of temporal SAR data analysis, inclusion of more
polarizations, and engaging of machine learning algorithms can solve the saturation problem and improve AFCS
estimations [5]. In addition to remote sensing techniques, spatial modeling techniques are required for visualizing
and quantifying the future trend of AFCS [1]. Future trends depend on the past processes of deforestation
consolidating the relationships between time, space, and causes. Spatial model [1] incorporates these relationships
and extrapolates the likelihood of forest spatial patterns to the future offering a platform to examine the
implications of different forest policies in AFCS so that appropriate measures to control deforestation and retain
the AFCS can be formulated. In this research, we aim to create a baseline AFCS map using PALSAR mosaic data
and estimate the future likelihood of AFCS patterns with different forest policy scenarios for a tropical forest in

Asia. Riau Province located in the central Sumatra of Indonesia is selected as a study site.

2. Method

Considering the large size (9 million ha) of the study area, both field measurements and airborne LiDAR
surveys were conducted in 2012 and 2013. Due to differences in forest structure and the associated biomass in
different land use and land cover (LULC) types, we include natural forest (peat-swamp, dry moist, mangrove,
and regrowth) and plantations (acacia, oil palm, rubber, and coconut). In the field measurement campaigns, a
total of 87 field measurement plots were established accommodating forest stands of all ages from mature to
recently regrown. The details of field measurements, plot specification, and allometric equations used to derive
aboveground biomass (AGB) are provided in [3, 4]. The amount of AFCS for each plot was considered as 47%
of the field measured AGB [4]. A total of 8000 ha of land surface was covered in the airborne LiIDAR campaigns.
Details of the LiIDAR instruments, survey mechanism, and data processing method are explained in [3]. In this
research, the LIDAR allometric model (eq. 1) developed by [3] was used to create additional AFCS plots. This
procedure created 2,716 additional field equivalent plots making in a total of 2,803 plots for calibration and

validation of the PALSAR based AFCS high resolution baseline map.
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AFCS Mg C ha™' =259.488 — (146.373 x MCH) + (4.738 x MCH?) — (4.881 x Cover) + (3.513 x
MCH_cover) — (0.0954 x MCHZ_cover) —(1.583 x QMCH_cover) + (22.568 x
P50) + (26.118 x P90) (1)
where, MCH = mean canopy height, Cover = forest cover as a percentage of all returns above the MCH,
MCH_cover = MCH x Cover, MCH’ cover = MCH’ x Cover, QMCH_cover = quadratic MCH x Cover, P50 and
P90 are the 50" and 90" percentiles of canopy height, respectively.

Using these plots data, the 25m PALSAR mosaic data for the year 2009 and 2010 were processed applying
machine learning algorithm. That provided a highly accurate high spatial resolution AFCS baseline map. The
AFCS mapping uncertainty (23.47 Mg C ha™') is very low as compared to the contemporary studies in tropical
forest regions. Details of the mapping process can be found in [5]. To create expected AFCS footprints in the
future, the forest cover map for 2010 and scenarios maps for 2015, 2020, 2025, and 2030 from [1] were used.
Three scenarios were considered: business as usual (BAU), governance — forest conservation (G-FC), and
governance — concession for industrial plantations and selective logging (G—CPL). The BAU scenario assumes
that the deforestation process will continue with the same past trend everywhere in the province, and therefore,
AFCS removal will occur in the corresponding deforested areas. The demand and supply of forest landscapes
and the forest policies that impacted the deforestation trend in the past will continue. In the G-FC scenario, the
deforestation process does not follow the past trend and, in the future, will only occur beyond the conservation
arca. In this case, the forest carbon stock remains untouched inside the conservation areas. The G—CPL scenario
includes the concession area allocated for industrial plantations and selective logging where future deforestation
processes will be confined to the concession areas only, and therefore, the AFCS will be untouched outside this

area. Scenario—wide AFCS maps were created for 2015 to 2030 in five—year intervals.

3. Results and discussion

Figure 1 shows the AFCS baseline map for
the study area in which interesting spatial patterns
of AFCS ranging from > 0 to 334 Mg C ha' can be
observed. The spatial patterns in the map show that the
majority of the areas have a carbon density between
100 and 200 Mg C ha™'. The high-density areas are
mostly dominant along the north to south eastern and a
margin of the western part of the province. The central
parts from north to south show low carbon density.
These patterns are formed by natural and plantation
forests. The low-density areas are mostly covered by

plantation forests, agricultural lands, and urban forestry

while the higher density areas align with the natural

intact forests, including peat swamps, dry moist, and Figure 1. AFCS map of Riau Province.
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regrowth forests. The slightly high density of AFCS observed in the islands located in the central-east part and
the southeast margins of the province are of mangrove forests. The natural forest areas only cover 3.68 million
hectares that store 265.57 million tons of AFCS. The natural forest AFCS density accounts for 71.99 Mg C ha™'
province—wide.

Figure 2 shows the maps of conservation areas, concession areas, an AFCS map for natural forest cover
for 2010, and scenario—wide simulated AFCS maps for the years 2015, 2020, 2025, and 2030. The difference in
the spatial pattern of the AFCS areas between the BAU and the other two scenarios are obvious. If the historical
deforestation trend continues without any policy intervention as evidenced by the BAU scenario, the AFCS will
be consistently released from the major forest areas by 2030. The AFCS removal will likely happen from the
environmentally sensitive areas, including the conservation areas, peat—-swamp areas in the northeastern part of the
province, and the dry—forest areas in the southwestern part of the province. This means that the ongoing land use
change activities are extremely serious and immediate sustainable measures are required for forest protection. The
spatial patterns of AFCS in the G—CF scenario are slightly similar to those of the BAU, except in the conservation
areas. The remaining spatial AFCS lands are quite large in the G—CF scenario due to the impact of the forest
conservation policy. All the remaining forests in the conservation areas in 2010 remain untouched, and so does
the AFCS in the future. However, deforestation pressure will likely occur beyond the conservation areas, rapidly
releasing AFCS in the sub—regions located in the northern part of the province by 2015 and 2020. The governance
scenario (G—CPL) produced better spatial patterns of AFCS distribution in the province as compared to the
former scenarios. AFCS removal will likely occur only inside the lands allocated for concession. If this policy is
implemented without modification, all the sub-regions will still have a considerable amount of AFCS even by the
end of 2030.
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Figure 2. AFCS patterns from 2010-2030 according to the three forest policy scenarios.
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Figure 3 presents the expected AFCS emission from the province through 2030 in five-year intervals for each
scenario. The impact of the various scenarios in the estimated AFCS emission is dynamic at different time periods.
If the current trend continues as evidenced by the BAU, more than 75% of the current AFCS will likely be released
to the atmosphere by the end of 2030. The trend shows that the AFCS removal will be faster in earlier years where
two thirds of this forest carbon will be in the air in the next 10 years. This could result in adverse environmental
consequences globally. The G—CF as compared to the BAU scenario shows some chance of making an impact by
reducing the AFCS released by 2% in 2015, doubling the percentage in 2020 till about 8.5% in 2030. However,
the AFCS trend of the G—CPL scenario is expected to be surprisingly different from those of the other scenarios.
This scenario gradually slows down the forest carbon emission from the stocks by controlling the deforestation as
compared to the other scenarios. In the G—CPL scenario, the estimated AFCS release will likely be about 31% in
2030, a reduction of 2.5 times as compared to the BAU scenario. It is noteworthy that the G-CPL scenario likely
delays the carbon emissions by a further 15 years whereas a similar amount is expected to release in 2015 under
the ongoing process as indicated by the BAU scenario. If we consider the BAU scenario as a reference, the G-CF
and G—CPL scenarios will likely save 23.0 and 120.7 million tons of AFCS, respectively, from deforestation by
the end of 2030. Detailed methods and results analysis are provided in [5].

i m BAU

G-CF

m G-CPL

e B R e e R e R e e e BLELE S |

2010 2015 2020 2025 2030
Year

Figure 3. Scenario-wide estimated AFCS emissions due to deforestation in the province
for over the next two decades.
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Precipitation anomaly (35S-35N globe)
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