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"Combining moderate and high resolution of satellite images for
characterizing suitable habitat for vegetation and wildlife"

Abstract

Combining different resolution of remote sensing satellites become a unique
approach for vegetation and wildlife habitat assessment study. Remote
sensing technology can reach land and water on the Earth's surface, and it

can interpret signals from spectral responses. When these techniques are
combined with Geographical Information Systems (GIS), land can be monitored
in a variety of ways. WorldView-2 and GeoEye-1 satellite image were
pre-processes, processes, and classified to produce land use indicator in
Sabah Softwoods Tree Plantation majoring Eucalyptus spp. tree planted in
Tawau, Sabah. Net Primary Productivity at monthly scale was also

calculated and ranked the productivity for the suitability mapping.

Climatic condition based on monthly precipitation and seasonality derived

from ASEAN Specialized Meteorological Centre (ASMC) was employed for ranking
its suitability value. In this study, natural forest and oil palm

plantation is tested to developed suitability map for vegetation and

wildlife habitat to live with. All indicators were ranked 10 to 40

presenting benefit and usefulness of the indicator to vegetation and

wildlife in the study area. Then, final classification was made from
accumulation of those indicators into 0 to 200 (Not suitable to Highly

suitable). The results showed 59.9% of the area classified as moderately
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suitable, 36.9% highly suitable, 3.2% least suitable and no area was
classified as not suitable. This type of study assists forest managers and
policymakers for better managing of their forests for better life of trees
and wildlife under their management.
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[Combining moderate and high-high-resolution efsatellite images for-characterizingto
characterize suitable habitats for vegetation and wildlife

Abstract

Combining different resolutions of remote sensing satellites become-a-unigue-approach-for

vegetationand-wildlife-habitat-assessment-studys a unique approach to studying vegetation and

wildlife habitat. Remote sensing technology can reach land and water on the Earth's surface;

and-itean_and interpret signals from spectral responses. When these techniques are combined
with Geographical Information Systems (GIS), land can be monitored in a variety of ways.
Meanwhile, changes in land use led to changes in vegetation on the ground, with natural
vegetation being removed from natural forests, leaving a degraded forest. Normalized
Difference Vegetation Index (NDVI) and Normalized Difference Water Index (NDWI) are

derived from a mathematical equation able—to—demenstrate—intensity—of—greenness

efdemonstrating the intensity of green vegetation green-vegetation-in a particular area and time;

and soil moisture availabilityavattabiity—ef-seil-meisture, respectively. WorldView-2 and

GeoEye-1 satellite images were pre-processesed, processesed, and classified to produce land

use indicators in Sabah Softwoods Tree Plantation majoring Eucalyptus spp. tree planted in
Tawau, Sabah. Net Primary Productivity at a monthly scale was also calculated and ranked
the productivity for the suitability mapping. Climatic condition based on monthly precipitation
and seasonality derived from ASEAN Specialized Meteorological Centre (ASMC) was
employed for ranking its suitability value. In this study, natural forest and oil palm plantation
is tested to developed a suitability map for vegetation and wildlife habitat to live with. All
indicators were ranked 10 to 40, presenting the benefit and usefulness of the indicator to
vegetation and wildlife in the study area. Then, the final classification was made from the

accumulation of those indicators into 0 to 200 (Not suitable to Highly suitable). The results

[
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showed that 59.9% of the area was classified as moderately suitable, 36.9% as highly suitable,
3.2% as least suitable, and no area was classified as ret-unsuitable. This type of study assists
forest managers and policymakers fermanagebetter-managing eftheir forests for the better life

of trees and wildlife under their management.

Keywords: High resolution satellite image, wildlife habitat, NDVI

1. Introduction|

Remote sensing technology enable acquisition of satellite image for land monitoring based on different
satellite resolution. For example, Landsat TM and Worldview satellite that carried 30-meter and 1.8 -
meter multispectral image. In a recent study, the indices as indicator of vegetation productivity
estimation as discovered by a study by (O’Neil et al., 2020) that can be derived by various satellite
resolution. At global level, more study using a land cover change model to detect vegetation changes
caused by human factor in China pasture, located in Wulagai River Basin (Chen et al., 2021). NDWI
is as a significant index in forest fire study and found have good relationship in drought study as
demonstrated in (Bowyer and Danson 2004 & Mohd Razali et al., 2015).

[Therefore, there is a need in estimating land area with vegetation for wildlife human-conflicts
translocation, Suitable land characteristics need to identify as a major criterion in ensuring security of
the wildlife and sufficient land for live. [This is important to solve the above problem by merging
different satellite sensor resolution data and climatic data,

Managing human and wildlife conflict is a tough task. Sabah Softwoods Berhad (SSB) a
company that was experienced in mitigating human wildlife conflicts (Nathan 2016). In 2016, the
report stated that the company primary activity are oil palm and tree plantation that make it about 60,000
hectares of land. The company adopt 7,000 of that area as reserve land for conservation, meanwhile
about 3,000 hectares were earmarked for housing and infrastructure. With the allocation, the company
was one of the earliest companies obtained certification for its palm oil operation for Malaysian

Sustainable Palm Oil (MSPO) (MPOCC 2022). They managed to handle human-elephant conflicts

Commented [AM3]: A good introduction provides some
background of the research topic, reviews literature related to the
topic, outlines the current situation and evaluates the current
situation (advantages/ disadvantages) and identifies the gap in
knowledge and the research problem, demonstrates that your
research has not been done before and that the proposed project
will really add something new (novelty), Identify the importance of
the proposed research, and conclude the Introduction by
mentioning the specific objectives of your research.
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with estimated two thousand Pygmy elephants that roam the landscape. The elephants get into human

activities and the company using translocation and fencing the plantation.

2. Materials and methods
2.1. Study area

To test the site suitability, we examined a Sabah Softwoods Berhad plantation at Brumas,
Tawau, Sabah. The site located at latitude 4°35'36" and longitude 117°45'31"" retrieved from
Google Map (Google 2022) (Figure 1). [The plantation is located at 200 to 600 m elevation
above sea level. The plantation area is approximately 18,000 hectares planted with Eucalyptus
pellita and F. moluccana tree species. The F. moluccana tree species are planted in the
conservation area in the plantation. The whole plantation area is characterized as Tanjung Lipat
type (clay texture 25 percent to 35 percent) of soil type and also Kumansi type (>40 percent
clay). Rivers of Sungai Umas, Sungai Landau, Sungai Indit and Sungai Umas-Umas are in the
plantation, serves as source water to the plantation. fThe monthly mean temperature in Tawau
in 2016 was a minimum of 24°C, a maximum of 31°C, and a mean of 28°C collected from

www.worldweatheronline.com. Data for monthly precipitation referred from (Markos et al.

2018) was recorded as 50 mm in 2014. In the meantime, annual precipitation was collected

from Malaysia Meteorological Station as shown in Figure 2.
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72 Figure 1. Map of the study area with location of various land use and land cover.
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Figure 2. Annual precipitation of Tawau based on data from Malaysia Meteorological
Department for 2010 — 2020.

2.2. Methods

The Sentinel and Landsat 8 data was obtained from Land viewer application purchased online.
Before that, the image was atmospherically corrected using atmospheric correction wizard,
which allows users to execute a variety of atmospheric corrections in the simplest and fastest
method possible. The wizard automatically in most of the required parameters using image
information and walks the user through each key step. The software's focus application was
used to prepare data, and then ATCOR ground reflectance tools were used to analyse
atmospheric correction.

The NDVI and NDWI data was run a year time series analysis. Inclusion of dry and
wet season in Sabah. NDVI and NDWI was calculated for both of the satellites. Based on
theory, NDVI was calculated based on the approach that, using the index vegetation status can
be identify as healthy and full vegetation coverage of from higher that 0.5 to 0.9. [The index

very suitable to be used in tropical area, which a study by (Braswell et al., 2003) found NDVI
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not to use in too dry condition like Iran and other area with similar condition. In the meantime,
a study by (Pujiono et al., 2013) employed NDVI for monitoring mangrove forest in Indonesia.
Continuously, a year after that (Darmawan and Sofan 2012) using Enhanced Vegetation Index
(EVI) and NDVI to detect changes in tropical forest in Indonesia. Elsewhere, many years ago
(Bhuiyan, Singh, and Kogan 2006) used NDVI for assessing vegetation stress in vegetative and
agriculture land in India. NDVI showed increasing trend of vegetation change which caused
by anthropogenic factor (Chen et al., 2021).| The equation for the index was as referenced to

the study by (Rouse et al., 1973):

NDVI = (pNIR — pRed) / (pNIR + pRed) ...(1)

lMeanwhiIe, NDWI was found very applicable to use in detection of water-stress forest
such as in mangrove (Vidhya et al. 2014). Again it was applied by (Mohd Razali et al., 2015)
in monitoring vegetation drought in West Malaysia. NDWI measured sensitivity to changes in
liquid water content (Gao 1996). NDWI showed a good relationship with plant stress, which
was used by a study of (Vidhya et al. 2014) in classification of mangrove heath status. A recent
study of (Caturegli et al. 2020) tested NIR at two wavelength of 1240 pm and 2130 um. The
study tested NDWI without water on Bermuda grass in Italyl. Based on theory, the index was

calculated based on below equation (Gao 1996):

NDWI = (pNIR — pSWIR3) / (pNIR + pSWIR3) ...(2)

In details, the time series started from June 2017 until April 2022. About 39 samples

were collected between the time framesJ. The study hypothesized that the distribution of

Commented [AMS8]: | suggest this part move to the Introduction
part.
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Sentinel and Landsat for NDVI and NDWI indices were similar across categories of wet season
influenced by Northeast monsoon in Sabah region.

Worldview satellite image for 2016 was derived to calculate NDVI as comparison with
the 2021 and 2011 NDVI data. Inadequate spectral properties in Worldview image of
shortwave to calculate NDWI for the comparison. This is because the availability for
comparison make use of previous data for related study (Razali and Lion 2021). Overall

flowchart of the study is presented below (Figure 3).

Climatic Suitability
and index
Study site variable derivation
identificatio data and
n collection correlation
Satellite image Indicators Final
pre-processed assessment, suitabili
and indices review and ty index
derived climatic classific
reports ation
evaluation

Figure 3. Overall flowchart of the study.

2.2.1. Land use mapping

The study employed PCI for mapping the land use. Land use map was developed by
using object-based image analysis (OBIA) using Catalyst Professional software, formerly
known as PCl Geomatics. Worldview 2 satellite image was pre-processed the process
employed Atmospheric Correction wizard (ATCOR), which allows users to execute a variety
of atmospheric corrections in the simplest and fastest method offer (PCI Geomatics Enterprise

2021). The focus of the application was to prepare data, and then ATCOR ground reflectance



135  tools were analysed the atmospheric correction. Overall flow of the land use mapping is shown

136 in figure below (Figure 4).

139 Figure 4. Overall flowchart of land use mapping.

137

138

140

141 2.2.2. NPP estimation

142 In this study, the NPP was derived from GPP that was based on (Xiao et al., 2004). This is
143 because GPP is the rate of CO: fixation by photosynthesis in the forest canopy. Therefore, GPP
144 s calculated as below:

145

146  GPP =fAPAR X PAR = ¢ x APAR...(1)

147

148 Where, the ¢ is Light Use Efficiency (g), that LUE have known as an important element
149  of the radiation regime for tree growth, incoming photosynthetically active radiation (PAR)
150  (gMJ™ m™), and the fraction of PAR intercepted by foliage (Fraction of photosynthetically
151  active radiation of fAPAR).

152 Moreover, this study estimated PAR from 50% of incoming solar radiation as a results

Please check others!

153 of solar radiation data collected from (Sukarno et al., 2017) study. Instruments were allocated {Commented [AM11]: Please edit to Sukaro et al. (2017).
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in top-roof of building in Universiti Malaysia Sabah (UMS), Kota Kinabalu, Sabah on 17
March 2016. The study derived the value for absorbed fraction of photosynthetically active
radiation (APAR) (gMJV by multiplying the two most important elements of radiation, fAPAR
and PAR (Coops et al., 2010). In this study, to calculate the LUE, |[18]| equation was referred

to as:

LUE = 0.8932 + TMonth + 0.0015(PRECIPMonth)-0.002(GDD)..(2)

Meanwhile, fAPAR was based on of a study by [[21]], which is derived as:

fAPAR = 1.25 x NDVI - 0.025 ...(5)

The NDV1 was derived by using two bands in the satellite image as shown below, as referenced

to the study by [23]:

NDVI = (pNIR — pRed) / (pNIR + pRed) ... (6)

Where, pNIR is the reflectance of the WorldView image at 0.77 — 0.895 nm (Near-
infrared band) and pRed is the reflectance of the satellite image at 0.63 — 0.690 nm (red band).

The NPP (gCM-2 montht) was therefore, derived by applying 50% of GPP.

3. Results and [Discussion

3.1  Vegetation of water-stress

The study conduct correlation scatter plots for NDVI and NDWI of the Sentinel and Landsat
satellite. Figure 6 shows the comparative analysis of the Brumas plantation features from April
2-21 to April 2022. From R? values, the NDVI in Sentinel was 0.95, whereas R? for Landsat

was 0.99. These results, showed that the NDVI had a good indicator to predict forest
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productivity, assessing forest health and biomass changes over time. It is potential for drought

and post-fire recovery in Eucalyptus forest such as demonstarted by (Caccamo et al., 2011,

2015).
a) Sentinel b) Landsat
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Figure 5. Correlation between NDVI and NDWI (a) Sentinel and (b) Landsat.

It can be seen, based on the two indices, that the NDV1 very useful for application in vegetation
community is broadleaved and evergreen. Changes on the season scale was also anticipated
that higher NDVI values, pursue NDWI to be lower, due to plant capability to maintain water
supply for biomass accumulation, hence no water stress was recorded. Some studies define
NDWI as Land Surface Water Index (LSWI), whereby as the LSWI served similar indicator.
The study showed the fortnightly percentage increase of LSWI and NDVI from the previous
fortnight for 2002 and 2005, for a few typical districts of Andhra Pradesh (Chandrasekar et al.,
2010). In (Penuelas et al., 1997), Water Index (WI) have good agreement with NDVI (NDVI

vs WI, R?=0.66) and improved when rationing W1 with NDVI (WI/NDV1=0.71).

3.2 Vegetation and wildlife habitat indicator
NDVI for 2016 that was overlaid with land use map showed NDVI > 0.8 is located on

Eucalyptus plantation area. Whereas NDV| of > 0.7 is located on mostly on oil palm plantation.
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Meanwhile, NDVI > 0.6 can be found located in Eucalyptus forest plantation but with presence
of oil palms features (light green). The oil palm features have a high agreement with ground
data with 100% of accuracy assessment, however, is very uncertain to found oil palm features
in Eucalyptus plantation. The features could be misclassified with low growth in the forest
plantation. This making forest plantation have lower NDVI than found in full covered forest.

NDVI scale for the analysis is tabulated as in Table 1.
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Figure 5. NDVI1 of the study area.
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Table 1. NDVI scale and suitability index value for analysis.

NDVI scale Suitability index
NDVI >0.8 40
NDVI > 0.7 30
NDVI > 0.6 20
NDVI > 0.5 10
3.3 Land use

The land use accuracy was:
- Producer’s accuracy for Eucalyptus plantation, buildings, low-density vegetation, oil palm,
open area and roads were, 100%, 81.25%, 94.12%, 100%, 100% and finally 25%, respectively.

- User’s accuracy was, 94.12%, 61.90%, 100%, 76.92% and finally 80%, respectively.

Each of the class was rank according to its priority for wildlife to live within the removal of
forest to a forest plantation. Higher forest coverage is ranked higher whereas lower forest cover

or vegetation cover is ranked as lower (Table 2).

Table 2. Land use type and suitability index.

Land use Suitability index
Forest plantation 40
Oil palm 30
Low density vegetation 20
Open area/Buildings/Roads 10
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251

252 3.4  Precipitation

253 Ingeneral, Sabah and Sarawak are influenced by Northeast monsoon which November to April

254 approximately bringing heavy rain to east coast area, that including Tawau area. In 2015, a

255 study by (Ng et al. 2019) found Tawau recorded 207.0 mm +92.98 of monthly precipitation. {Commented [AM15]: Please revise to Ng et al. (2019). Please

check others!

256  This making Tawau is the highest precipitation than districts of Sabah, namely, Kota Kinabalu,
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Beufort, Kudat and Keningau. For additional information the value similarly recorded by

Sandakan area which is located far much northern area. Finally, precipitation rank is shown
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Figure 7. Monthly (a) and bnnual precipitation for the study area (b)\.

Table 3. Mean monthly precipitation and suitability index.

Mean monthly precipitation (mm) of Year Suitability index

2016, Tawau, Sabah

0-80 40
80 — 160 30
160 — 280 20
280 —340 10

35  Seasonal
Seasonal data was assessed based on ASEAN Specialized Meteorological centre (ASMC)

repor‘d. The comprehensive report comprising data of ASEAN information on haze situation

which rank as in Table 4.0.
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Table 4. Indication of seasonal parameters derived from ASMC report and suitability index.

ASEAN Specialized Meteorological Centre Suitability
index
(ASMC) based on Worldview satellite image

acquired March 2016

March to May 2020 40
December — January 2016 — 2017 30
September - November 2020 20
Unidentified 10

3.6 NPP productivity
Using the tools in ArcGIS Spatial Analyst, the NPP was interpolated to map the distribution

of NPP on ground data, as depicted in Figure 7.

3.7 Final suitability index
The final index was developed based on accumulation of all indicators suitability index value
that was calculated using ArcGIS 10.8 software attribute table. Table 5 showed overall

indicators that employed for the index based on below equation:

Habitat Wildlife Indicator = VEG + LU + NPP+ PREP + SEAS

Vegetation and wildlife habitat indicator = VEG
Land use indicator = LU
Net Primary Productivity = NPP

Precipitation indicator = PREP,

Commented [AM19]: Please be consistent! All information
related to the method doesn’t write or repeated in the results and
discussions section.
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295  Figure 7. Overall NPP value interpolated on land use layer with points marked showed major
296  area of the land use type.

297  Table 5. Indication of NPP scale and rank value.

NPP scale (650 gCm-2 month-1) Suitability index

NPP > 500 40



NPP > 300 30

NPP > 200 20

NPP > 100 10

298

299  Table 6. Indication of accumulation of vegetation and wildlife habitat suitability index.

300
No. Indicator/Scale Description Suitability  Source of References
index

1. Vegetation and wildlife Rock/Sand/Snow: Value
habitat indicator approaching zero, 0.1 <
Biomass X<0.1
NDVI > 0.8 Adequate biomass 40 Greenness/Vegetation:
NDVI > 0.7 Moderate biomass 30 Value low positive, 0.1 <
NDVI > 0.6 Low biomass 20 X<04
NDVI > 0.5 Inadequate 10 Tropical rainforest value

biomass approaching 1, X—1

Hanset et al., (2017)

2. Land use indicator

Habitat
Forest plantation Natural habitat 40
Oil palm Plantation 30 Field observation and

Low density vegetation ~ Degraded land 20 author experienced



Open Infrastructure and 10
area/Buildings/Roads non-vegetated land
Net Primary Productivity NPP evaluated for the
NPP > 500 Adequate biomass 40 plantation is 650 gCm-2
NPP > 300 Moderate 30 month-1 (Sheriza et al.,
adequacy biomass 2022). NPP from
NPP > 200 Low adequacy 20 WorldView-2
biomass particularly valuable if
NPP > 100 Inadequate 10 applied to temporal
biomass NDVI1 data to assess the
monthly NDVI for the
study area (Sheriza et al.,
2022)
Precipitation indicator
Mean monthly
precipitation (mm) 200 mm during June and
280 — 340 High 40 July
160 — 280 Moderate 30 350 mm in November
80 — 160 Low 20 and December
0-80 Very low 10 (climateknowldegeportal.

worldbank.org)

Seasonal indicator

ASEAN Specialized
Meteorological Centre

(ASMC)
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311
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313

314

September - November ~ Wetter 40 ASEAN Specialized

2020 Meteorological Centre
December — January Wetter than 30 (ASMC) report (2016)
2016 - 2017 average
March - May 2020 Wetter and drier 20

effects are

averaged
Unidentified Unidentified 10

The study was successfully mapping suitability index for vegetation and habitat in Sabah
Brumas, Tawau Eucalyptus and oil palm plantation. Habitat and vegetation classification
derived after each of the pixels accumulated based on its suitability index. An index
approaching 200 classified and highly suitable for the wildlife and vegetation to live and sustain
its live for a long term. A value less than 50 indicate not suitable habitat for wildlife and

vegetation to be in the area (Table 7).

Table 7. Indication of vegetation and wildlife habitat classification for the study.

Rank  Suitability Index Habitat & Vegetation classification
1 150 - 200 Highly suitable
2 100 - 150 Moderately suitable
3 50 - 100 Least suitable
4 0-50 Not suitable

Avrea of the habitat and vegetation classification pixels were classified based on Equal interval
and Natural Breaks classifier. Based on the methods, percentage of the area classification

derived and shown in Figure 8.
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322 Figure 8. Final index classification for the study area.

323

324 4, lCOhC'usion‘ | Commented [AM20]: | suggest the conclusions offer a clear
interpretation of the findings in a way that emphasizes the
importance of your study or describes the consequences of your

325 arguments by justifying to your readers why your arguments matter.

A conclusion must be broader and more comprehensive than

specific or limited findings, and in the same vein, several findings

may be combined into a single conclusion

326  Most of the study area which is about 59.9% was under moderately suitable habitat for

327  vegetation and wildlife. The variable employed for the study covered land use, climatic
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condition presented by precipitation, NPP and seasonal variation of the study area showed
overview of year 2016 condition of the study area. The condition of the study area as plantation

area is very suitable for natural habitat to live.

Author contribution
Sheriza Mohd Razali design the methods and employed ArcGIS for all the analysis.
Whereas Zaiton Samdin provides research materials and research allocation. Marryanna Lion

improve the manuscript write up.

Acknowledgments
This research was supported by the Transdisciplinary Research Grant Scheme (TRGS)
2018 under the  Ministry of Higher  Education (MOHE), Malaysia

(TRGS/1/2018/UPM/01/2/4).

Conflict of Interest

There are no conflicts of interests.
References

Bhuiyan, C., R. P. Singh, and F. N. Kogan. 2006. “Monitoring Drought Dynamics in the
Aravalli Region (India) Using Different Indices Based on Ground and Remote
Sensing Data.” International Journal of Applied Earth Observation and
Geoinformation 8(4):289-302. doi: 10.1016/j.jag.2006.03.002.

Bowyer, P., and F. M. Danson. 2004. “Sensitivity of Spectral Reflectance to Variation in
Live Fuel Moisture Content at Leaf and Canopy Level.” Remote Sensing of
Environment 92(3):297-308. doi: 10.1016/j.rse.2004.05.020.

Braswell, B. H., S. C. Hagen, S. E. Frolking, and W. a. Salas. 2003. “A Multivariable
Approach for Mapping Sub-Pixel Land Cover Distributions Using MISR and
MODIS: Application in the Brazilian Amazon Region.” Remote Sensing of
Environment 87(2-3):243-56. doi: 10.1016/j.rse.2003.06.002.



357
358
359

360
361
362
363

364
365
366
367

368
369
370
371

372
373
374

375
376
377
378

379
380
381

382

383
384

385
386

387
388
389
390

391
392
393

Caccamo, G., L. a. Chisholm, R. a. Bradstock, and M. L. Puotinen. 2011. “Assessing the
Sensitivity of MODIS to Monitor Drought in High Biomass Ecosystems.” Remote
Sensing of Environment 115(10):2626-39. doi: 10.1016/j.rse.2011.05.018.

Caccamo, Gabriele, Ross Bradstock, Luke Collins, Trent Penman, and Penny Watson. 2015.
“Using MODIS Data to Analyse Post-Fire Vegetation Recovery in Australian
Eucalypt Forests.” Journal of Spatial Science 60(2):341-52. doi:
10.1080/14498596.2015.974227.

Caturegli, Lisa, Stefania Matteoli, Monica Gaetani, Nicola Grossi, Simone Magni, Alberto
Minelli, Giovanni Corsini, Damiano Remorini, and Marco Volterrani. 2020. “Effects
of Water Stress on Spectral Reflectance of Bermudagrass.” Scientific Reports
10(1):1-12. doi: 10.1038/s41598-020-72006-6.

Chandrasekar, K., M. V. R. Sesha Sai, P. S. Roy, and R. S. Dwevedi. 2010. “Land Surface
Water Index (LSWI) Response to Rainfall and NDV1 Using the MODIS Vegetation
Index Product.” International Journal of Remote Sensing 31(15):3987-4005. doi:
10.1080/01431160802575653.

Coops, Nicholas C., Thomas Hilker, Forrest G. Hall, Caroline J. Nichol, and Guillaume G.
Drolet. 2010. “Estimation of Light-Use Efficiency of Terrestrial Ecosystems from
Space: A Status Report.” BioScience 60(10):788-97. doi: 10.1525/bi0.2010.60.10.5.

Darmawan, Yahya, and Parwati Sofan. 2012. “Comparison of the Vegetation Indices to
Detect the Tropical Rain Forest Changes Using Breaks for Additive Seasonal and
Trend (Bfast) Model.” International Journal of Remote Sensing and Earth Sciences
(1JReSES) 9(1). doi: 10.30536/j.ijreses.2012.v9.a1823.

Gao, Bo-cai. 1996. “NDWI A Normalized Difference Water Index for Remote Sensing of
Vegetation Liquid Water From Space.” Remote Sensing of Environment 58 (April
1995):257-66.

Google. 2022. “Brumas Camp Coordinate Map.”

Goward, S. N., R. H. Waring, D. G. Dye, and J. Yang. 1994. “Ecological Remote Sensing at
OTTER: Satellite Macroscale Observations.” Ecological Applications 4:322—-343.

Handcock, Rebecca N., and Ferenc Csillag. 2004. “Spatio-Temporal Analysis Using a
Multiscale Hierarchical Ecoregionalization.” 70(1):101-10.

Markos, Flaviour, Justin Sentian, Ag Sufiyan, Abd Hamid, Jedol Dayou, Steven Kong, and
Soon Kai. 2018. “Solar Radiation Resources Under Climate Change Scenarios-A
Case Study in Kota Kinabalu, Sabah, Malaysia.” Transactions on Science and
Technology 5(1):12-24.

Mohd Razali, Sheriza, Arnaldo Aitor Marin Atucha, Ahmad Ainuddin Nuruddin, Hazandy
Abdul Hamid, and Helmi Zulhaidi Mohd Shafri. 2015. “Monitoring Vegetation
Drought Using MODIS Remote Sensing Indices for Natural Forest and Plantation



394
395

396
397

398
399

400
401

402
403
404
405

406
407
408

409
410
411

412
413
414
415
416

417
418
419

420
421
422

423
424
425
426

427
428
429

Areas.” Journal of Spatial Science 8596(January 2016):1-16. doi:
10.1080/14498596.2015.1084247.

MPOCC. 2022. “Co-Existing with Elephants - The Sabah Sofywoods Berhad Experience.”
3-6.

Nathan, Ram. 2016. “Human Wildlife Conflict And Evolving Mitigation Methods: Sabah
Softwoods Berhad ’ s Experience.” Malaysia Palm Oil Council (MPOC) 1-2.

Ng, C. K. C., J. J. Sikui, S. K. Nur Syafiqah, and R. Nilus. 2019. “Precipitation Trend and
Heterogeneity of Sabah, North Borneo.” Sepilok Bulletin 28(June):19—43.

O’Neil, Shawn T., Peter S. Coates, Brianne E. Brussee, Mark A. Ricca, Shawn P. Espinosa,
Scott C. Gardner, and David J. Delehanty. 2020. “Wildfire and the Ecological Niche:
Diminishing Habitat Suitability for an Indicator Species within Semi-Arid
Ecosystems.” Global Change Biology 26(11):6296-6312. doi: 10.1111/gcbh.15300.

PCI Geomatics Enterprise. 2021. “Atmospheric-Correction Workflows.” Retrieved May 31,
2022 (https://catalyst.earth/catalyst-system-
files/help/concepts/focus_c/atcor_atcorWorkflows.html).

Penuelas, J., J. Pinol, R. Ogaya, and I. Filella. 1997. “Estimation of Plant Water
Concentration by the Reflectance Water Index WI (R900/R970).” International Journal
of Remote Sensing 18(13):2869-75. doi: 10.1080/014311697217396.

Pujiono, Eko, Doo Ahn Kwak, Woo Kyun Lee, Sulistyanto, So Ra Kim, Jong Yeol Lee,
Seung Ho Lee, Taejin Park, and Moon Il Kim. 2013. “RGB-NDVI Color Composites
for Monitoring the Change in Mangrove Area at the Maubesi Nature Reserve,
Indonesia.” Forest Science and Technology 9(4):171-79. doi:
10.1080/21580103.2013.842327.

Razali, S. M., and M. Lion. 2021. “Eucalyptus Forest Plantation Assessment of Vegetation
Health Using Satellite Remote Sensing Techniques.” IOP Conference Series: Earth and
Environmental Science 918(1). doi: 10.1088/1755-1315/918/1/012041.

Rouse, J. W., R. H. Hass, J. A. Schell, and D. W. Deering. 1973. “Monitoring Vegetation
Systems in the Great Plains with ERTS.” Third Earth Resources Technology Satellite
(ERTS) Symposium 1:309-17. doi: citeulike-article-id:12009708.

Sukarno, Kartini, Ag Sufiyan Abd Hamid, Chang H. W. Jackson, Chee Fuei Pien, and Jedol
Dayou. 2017. “Comparison of Power Output between Fixed and Perpendicular Solar
Photovoltaic PV Panel in Tropical Climate Region.” Advanced Science Letters
23(2):1259-63. doi: 10.1166/asl.2017.8379.

Vidhya, R., D. Vijayasekaran, M. Ahamed Farook, S. Jai, M. Rohini, and A. Sinduja. 2014.
“Improved Classification of Mangroves Health Status Using Hyperspectral Remote
Sensing Data.” ISPRS - International Archives of the Photogrammetry, Remote Sensing



430
431

432
433
434
435

436

and Spatial Information Sciences XL-8(December):667—70. doi:
10.5194/isprsarchives-XL-8-667-2014.

Xiao, Xiangming, David Hollinger, John Aber, Mike Goltz, Eric a. Davidson, Qingyuan
Zhang, and Berrien Moore. 2004. “Satellite-Based Modeling of Gross Primary
Production in an Evergreen Needleleaf Forest.” Remote Sensing of Environment
89:519-34. doi: 10.1016/j.rse.2003.11.008.



