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ABSTRACT

Deforestation plays an essential role in land cover changes in tropical area. It
resulted in changing surface biophysical characteristics such as albedo and surface
roughness altering the climate, heat fluxes as well as CO, fluxes. Thus, this study
aims to analyse the biogeophysical and biogeochemical processes in forest, shrub,
grass, and soybean. Also, the study analyses the coupling strength in the terrestrial
segment. This analysis is conducted using the Community Land Model Version 5
(CLMS). The results showed that land-use changes alter surface heat fluxes. Forest
changing into shrub, grass, and soybean decreased latent heat fluxes and increased
sensible heat fluxes. Land-use changes also alter carbon uptake, although it did not
necessarily reduce the net primary production (NPP) and efficiency. Forest changing
into soybean will increase NPP, while its changes to grass and shrub will decrease
NPP. Among all land covers, soybean had higher carbon use efficiency (CUE) due to
the availability of water and soil nutrient supply. In comparison, the forest had lower
CUE due to its high respiration to maintain its biomass. Coupling strength between
soil moisture and latent heat fluxes in all land covers was positive, but the R-squared
was relatively low. This result indicated that there was another factor impacting sur-

face energy balance partition such as vegetation cover.

1. INTRODUCTION

Land use and land cover changes at a global scale have
increased significantly over the last 300 years (Goldewijk
and Ramankutty 2004). In tropical areas, land-use change
usually relates to deforestation or forest degradation, such
as in Indonesia (Boucher et al. 2011). From 1990 to 2012,
Indonesia lost about 20.7 Mha of forest area, and the high-
est deforestation occurred in Sumatra and Kalimantan (Wi-
jaya et al. 2015). Sumatra contributes to 8.6 Mha or about
41.5% of total national deforestation (Wijaya et al. 2015).
It was higher than the deforestation in Kalimantan. One of
the areas with extensive forest transformation on Sumatra
Island is Jambi Province (Drescher et al. 2016). From 1990
to 2013, the declines in primary and secondary forest areas
in Jambi Province were approximately about 38.2% (from
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1.34 to 0.83 Mha) and 30.9% (from 0.92 to 0.64 Mha), re-
spectively (Melati 2017).

Deforestation in Jambi was caused by the various driv-
ing factor such as forest fire, transmigration project, and
land allocation to specific land-use such as plantation and
dryland agriculture (Stolle et al. 2003). According to Melati
(2017), degradation in the lowland forest in Jambi was most
affected by easier accessibility and related to that reason
palm oil and rubber plantation were most likely to be the
driving factor of deforestation. In 2011, the dominant area
in Jambi Province was dryland agriculture mixed with bush
(37.1%), followed by secondary forest (18.9%) (Melati
2019). From 2009 to 2011, the loss of secondary forest was
the highest among other forest covers lost it occurred due to
the conversion into bare land and dryland agriculture mixed
with bush (Melati 2019).

Deforestation resulted in changes in surface biophysi-
cal characteristics such as albedo and surface roughness
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influencing the climate (Burakowski et al. 2018). Land-use
change will impact on the environment in many ways, some
being changes in surface energy balance, water surface
budget, and carbon cycle (Ibrom et al. 2007; Boisier et al.
2012; Ma et al. 2014). The impact of changing vegetation
on climate varies depending on geographical location (Lon-
gobardi et al. 2016). Most studies showed that high latitude
deforestation results in cooling, low latitude caused warm-
ing, and mid-latitude had mixed responses (Longobardi et
al. 2016). Deforestation lead to warming in Jambi province.
From 2000 to 2015, the land-use change caused morning
and evening temperatures to increase for about 1°C (Sa-
bajo et al. 2017). Forest transformed into monoculture also
causes the land to dry. According to Meijide et al. (2018),
the transformation of forests to palm oil (rubber) resulted in
the land becoming drier, about 11.9% (12.8%). However,
the surface temperature of mature palm oil, around 19 to 28
years old, was almost the same with primary and secondary
forests (Artikanur and June 2019).

The impact of the land surface on the atmosphere can
be categorized into two parts, i.e., soil moisture to surface
fluxes and surface fluxes to atmosphere state and precipi-
tation (Dirmeyer 2011). The terrestrial segment has been
characterized by the correlation between soil moisture and
evaporation (Chen and Dirmeyer 2017). A positive rela-
tionship showed that soil moisture controls the variation of
evapotranspiration (Dirmeyer 2011). This positive correla-
tion is necessary but not sufficient for a condition for the
land surface to affect the atmosphere (Dirmeyer 2011; Wil-
liams and Torn 2015).

Forest conversion into tree crops including rubber and
oil plantation occurred particularly between 1990 and 2000
(Melati 2017). Then, the oil palm plantation also took over
rubber plantation due to its highly profitable source of in-
come (Feintrenie et al. 2010; Melati 2017). However, in
2009 secondary forest mostly converted into bare land and
dryland agriculture mixed with bush especially in Harapan
Landscape (Melati 2019). Therefore, in this study we will try
to analyse biogeophysical and biogeochemical processes of
forest and the change of these processes if the forest is trans-
formed into the shrub, grass, or dryland agriculture (soy-
bean) using Community Land Model version 5 (CLMS5). We
will also conduct an analysis of coupling strength between
land cover to the atmosphere near the surface through the
interaction between soil moisture and surface fluxes.

2. METHODOLOGY
2.1 Data

The data used in this study were divided into two types,
i.e., model simulation and model validation. CRUNCEP
(Viovy 2018) was used for atmospheric data forcing in the
model simulation. The dataset consisted of air tempera-
ture, solar radiation, specific humidity, air pressure, wind

speed, and total precipitation rate with spatial resolution
0.5° (latitude) x 0.5° (longitude) and time resolution 6-hour.
The data period for this simulation was from 2001 to 2016.
Besides, aerosol data (available at https://svn-ccsm-input-

data.cgd.ucar.edu/trunk/inputdata/atm/cam/chem/trop_mo-
zart_aero/aero/) and concentration of CO, data (available

at https://svn-ccsm-inputdata.cgd.ucar.edu/trunk/inputdata/
atm/datm7/CQO2/) were also used. In the model simulation,
surface data were also needed. Thus, the study used data
from Hassler et al. (2015) consisting of the presentation of
clay and sand from depth 0 to 200 cm. Data for model vali-
dation were from the meteorological station of CRC990 EF-
ForTS, including solar radiation, temperature, wind speed,
pressure, and humidity. Some of the station data are inside
the plot and some are outside. The available data was in 10
minutes, and the data period was from 2013 to 2016.

2.2 Model Simulation

The model used in this study was the Community
Land Model version 5 (CLMS5) (Lawrence et al. 2019). This
model is the land component of the Community Earth Sys-
tem Model (CESM) version 2.1.0. Model spinups were run
600 years to reach the equilibrium condition. The biochem-
istry (BGC) model was activated, meaning that vegetation
state, e.g., height, steam, and leaf amounts were calculated
prognostically. The aerosol model for the atmospheric data
was set to transient 1850 to the year 2000 conditions, and
the type of input CO, was set to diagnostic. In this study,
point simulations were used running at the HF1 plot of the
EFForTS project (Drescher et al. 2016) in Harapan Forest
(Fig. 1). The first simulation used PFT for forest, broad-
leaf evergreen tree-tropical (BET-Tropical). Therefore,
the study simulated land use change and PFT changes into
three types of vegetation, including shrub, grass, and tropi-
cal soybean. For each PFT, default phenology value was
used for parameters because the data were not available.

2.3 Model Evaluation

The output model was evaluated using calculation data
from the meteorological station. Output data used in this
analysis were sensible heat fluxes, latent heat fluxes, net
radiation, NPP, GPP, and respiration. However, the model
evaluation was only done for net radiation and latent heat
because there was no available observation data for other
variables. Net radiation (R,) was the difference between net
shortwave (R,,) and net longwave (R, radiation:

Rn:Rnx+Rnl (1)

Net shortwave radiation and net longwave radiation were
calculated as below:


https://svn-ccsm-inputdata.cgd.ucar.edu/trunk/inputdata/atm/cam/chem/trop_mozart_aero/aero/
https://svn-ccsm-inputdata.cgd.ucar.edu/trunk/inputdata/atm/cam/chem/trop_mozart_aero/aero/
https://svn-ccsm-inputdata.cgd.ucar.edu/trunk/inputdata/atm/cam/chem/trop_mozart_aero/aero/
https://svn-ccsm-inputdata.cgd.ucar.edu/trunk/inputdata/atm/datm7/CO2/
https://svn-ccsm-inputdata.cgd.ucar.edu/trunk/inputdata/atm/datm7/CO2/
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Rm = (1 - a)R? (2)
and
R,=0T"(0.34-0.14/e,)f 3)

Where « is the albedo, R, is solar radiation (MJ m? hr!), o
is Stefan-Boltzmann constant (2.043 x 107" MJ K* m? hr),
T hourly air temperature (K), e, is actual vapour pressure
(kPa), and f is cloud cover factor. The hourly average of
latent heat fluxes was calculated using FAO Penman-Mon-
teith (Allen et al. 1998):

 0.408AR, +Y[37 /(T +273)|U, (e, - e,) A
B A+y(1+0.34U,) “)

ET,

Where ET, is potential evaporation (mm hr'), R, is net radi-
ation (MJ m? hr''), T'is mean hourly air temperature (°C), U,
is average hourly wind velocity at 2-m above ground (m s™),
e, is saturation vapor pressure (kPa), e, is average hourly
actual vapor pressure (kPa), A slope curve between vapor
pressure and air temperature (kPa °C"), and Y is psychro-
metric constant (kPa °C™). For the ET,, ET, is multiplied by
kc value of evergreen broadleaf forest (Liu et al. 2017) and
then latent heat is calculated as below:

LE=ET.L ©)

Where LE is latent heat (W m™) and L is energy for evapora-
tion (2.45 x 10°J kg™").

2.4 Analysis of Land Surface Impact on Surface Energy
Balance

Land cover and surface interactions can be analyzed
by dividing them into two segments (Chen and Dirmeyer
2017). Terrestrial segments analyze the interaction between
soil moisture in the morning with surface flux in the morn-
ing. This analysis is done by coupling strength index, which
is calculated by the following equation:

CS, = corr(SM, LH)O (6)

Where SM is the soil moisture in the morning at a depth of
10 cm, LH is latent heat in the morning, corr is the Pear-
son correlation coefficient, and O is the standard deviation.
In the terrestrial segment, SM can also be changed with
LAI data.

3. RESULTS AND DISCUSSION
3.1 Model Evaluation

This study performs model evaluation specifically for
the forest area because the observation data is only available
for this land cover. The evaluated variables are net radiation
and latent heat fluxes, since there is no eddy tower in the
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Fig. 1. Location map of the study area, Jambi Province in Sumatra Island of Indonesia (a) (b). The triangle is HF1 plot of the EFForTS project used

for simulation (c).
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forest to assess variable of biogeochemical process. The per-
formance of CLMS in simulating net radiation and latent heat
fluxes is showed in Taylor diagram (Fig. 2; Taylor 2001).
The circle in x-axis show perfect fit between model and
observation. Therefore, label closed to the circle represent
perfect model simulation. Net radiation is simulated well in
CLMS5 with correlation coefficient 0.89 and centered root-
means-square (RMS) less than 1. The standard deviation of
net radiation is also close to one. It means that the model
has the same standard deviation values as the observation.
In contrast, latent heat fluxes have high standard deviation
and the label is far from the circle. This poor performance
could be influenced by differences in the spatial resolution
of the climate. The model uses large scale climate while in
this model evaluation we use calculations from local climate
data. However, the coefficient correlation of latent heat flux-
es is still high, about 0.84. Therefore, the CLM is acceptable
for the analysis of biogeophysical processes in this study.

3.2 Surface Energy Balance in Forest, Shrub, Grass,
and Soybean

The forest fire is one of the factors causing forest loss
and degradation. After the fire, burned forests usually be-
come shrub or grassland. Sometimes, the community also
converts forests into dryland for agriculture, such as soy-
bean. Therefore, analysis of surface energy balance of for-
est, shrub, grass, and soybean is vital in understanding how
climate will change if the forest is converted to those land
use covers. The monthly data of surface energy balance is
analysed during 2001 to 2015. Partition of surface energy
balance from forest, shrub, grass, and soybean is showed
in Fig. 3.

Partition of surface energy balance from forest, shrub,
grass, and soybean show higher utilization of energy for la-
tent heat fluxes. This result indicates adequate availability

of water in the region, and energy is not a limiting factor.
Forest, shrub, and grass are evergreen plants, so the partition
of surface fluxes does not fluctuate, while in soybean, the
surface fluxes changes dramatically. This pattern follows
the planting time of soybean. The net radiation in soybean is
slightly lower than other land use (Figs. 3 and 4). Surface al-
bedo of soybean is high, so most of solar energy will return
to atmosphere. It also has high ground temperature (Fig. 5).
This high ground temperature in soybean cause loss more
energy in the form of longwave radiation, so net radiation
become lower than other land-use cover. Ground tempera-
ture of shrub and grass are almost similar (Fig. 5). Forest
has lower ground temperature than shrub and grass but the
magnitude is not much different. Therefore, net radiation
of forest, shrub, and grass is about the same in magnitude.
In seasonal variation, net radiation in forest, shrub, and
grass is slightly decline from June to July and it could be
occur due to decreasing incoming solar radiation (Fig. 4).
The study area is located in southern hemisphere with lati-
tude 2.19 S. Therefore, from June to July, incoming solar ra-
diation slightly decrease because sun position is in northern
hemisphere. Latent heat fluxes in forest, shrub, and grass
is high in March to April and October to November. This
variation may affected by rainfall pattern in which Jambi
Province has two peak rainy season i.e., April and Novem-
ber (Drescher et al. 2016; Sari et al. 2018). Sensible heat
fluxes in forest, shrub, and grass is relatively constant over
the year. In soybean area, net radiation decline from April
to September. During this period, the area of soybean be-
come bare land and it will increase surface albedo. Surface
with high albedo will absorb less radiation, so net radiation
will decrease. High latent heat fluxes and low sensible heat
fluxes in soybean occur during planting time. Simulation of
soybean uses crop irrigated type, so during planting time,
water is always available, leading to higher evapotranspira-
tion. In contrast, during the non-planting time, the soybean

Standard Deviation (Normalized)

00 05 10
Standard Deviation (Normalized)

20 25 30

Fig. 2. Taylor diagram summarizing standard deviation (y-axis), correlation coefficient (arc-axis), and centered root mean square (gray circle) be-
tween CLM and observation data of net radiation (blue) and latent heat flux (red).
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Fig. 3. Monthly time series data of sensible heat fluxes (H), latent heat fluxes (LE), and net radiation (Rn) in forest, shrub, grass, and soybean from
2001 to 2015.
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area denote dry season period and white shade area denote rainy season.
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Fig. 5. Monthly time series of ground temperature in forest, shrub, grass, and soybean from 2001 to 2015.

area will become bare land that is not irrigated. Therefore,
evapotranspiration will decrease, and most of the available
energy will be used for heating.

La Nifia event does not has high effect on changing
surface energy balance. During La Nifia years, the amount
of net radiation, sensible heat fluxes, and latent heat fluxes
are not change considerably (Fig. 4). In contrast, El Nifio
has high impact on changing the partition of surface energy
balance particularly from September to November (Fig. 4).
It is occur because El Nifio cause significant deficit rainfall
in most of Indonesian region in boreal autumn (Iskandar et
al. 2019). This reduction of rainfall decrease water avail-
ability leads to declining evapotranspiration and increasing
sensible heat fluxes. From 2001 to 2015, El Nifio occur four
times i.e., 2002, 2006, 2009, and 2015. Weak and moderate
El Nifio in 2002, 2006, and 2009 has not obvious impact
on surface energy balance while in 2015, strong El Nifio
has significant effect on decreasing latent heat fluxes and
increasing latent heat fluxes (Fig. 3).

In 2015, strong El Nifio had a high impact on water
availability due to deficit rainfall. When land experience
water stress, most available energy would not be used for
heating. In this year, Jambi also experience land fire caused
canopy scorch and smoke. Canopy damage is likely to re-
duce transpiration and it will impact on changing surface
heat fluxes partition (Beringer et al. 2003). Sensible heat
fluxes will dominant rather than latent heat fluxes. Smoke
absorbed and scattered solar radiation lead to decrease in
incoming solar radiation (Stiegler et al. 2019). Decreasing
downward solar radiation along with drought and heat stress
triggered partial stomata closure that reduced evapotranspi-
ration and latent heat fluxes (Stiegler et al. 2019). Among
all land use covers, the forest still had high latent heat dur-
ing strong El Nifio (Fig. 3). Tree, type of forest vegetation,
has a long root zone. During the long dry season, the tree
can take water from deep soil, so it may not experience wa-
ter stress. In addition, forest is more stable in term of bio-
physical function during strong El Nifio. It shows that forest

is able to deal with drought stress as discussed in Lohbeck
et al. (2020).

Forest changing into shrub, grass, or soybean has an
impact on latent and sensible heat fluxes. Impact of El Nifio
to surface energy balance is high from September to Novem-
ber. Thus, analysis the effect of forest cover change to latent
and sensible heat fluxes focus on the period of September
to November. From 2001 to 2015, forest cover changed
into those land uses that had decreased latent heat fluxes
and increased sensible heat fluxes (Fig. 6a). When forests
change into shrub, grass, and soybean, albedo will increase,
resulting in a reduction in absorbed radiation. Besides, sur-
face roughness would decrease, impacting on the reduc-
tion of turbulence fluxes. Turbulence is essential to trans-
fer latent heat fluxes and sensible heat fluxes. According
to Burakowski et al. (2018) and June et al. (2018), surface
roughness is a dominant biophysical factor contributing to
differences in heat fluxes between forest and palm oil plan-
tation (Burakowski et al. 2018; June et al. 2018). In strong
El Niflo, decreasing latent heat fluxes and increasing latent
heat fluxes due to forest cover change is higher than in the
period of 2001 to 2015 (Fig. 6b). However, forest changing
into soybean shows different behaviour. Decreasing latent
heat fluxes in strong El Nifio is lower than in the period of
2001 to 2015. During El Nifio years, the magnitude of latent
and sensible heat flux in soybean is similar with Normal and
La Nifia years, while forest experience decreasing latent heat
fluxes and increasing sensible heat fluxes (Fig. 4). Therefore
during September to November, the impact of forest change
into soybean on decreasing latent heat fluxes is lower in El
Nifio 2015 than in the period of 2001 to 2015.

Forest and shrub have more significant fluctuations
in Bowen ratio (3), but soybean conserve this fluctuation
(Fig.7). Soybean (cropland) has a smaller change in § which
is about 0.3 to 0.4. It is mainly due to soil water dynamic.
This cropland uses the irrigating system, so the water is not
a limitation for evaporation. Bowen ratio of shrub is about
0.25 to 0.5. A higher variation of 3 in a shrub is mainly due
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to more significant changes in LAI. In 2001 - 2003, shrub
had low growth, and during this period, sensible heat fluxes
was high. In the following year, LAI of shrub was high,
leading to an increase in latent heat fluxes. Forest and grass
have Bowen ratio value 0.1 - 0.4 and 0.2 - 0.35, respec-
tively. The variation of LAI in forest and grass are small,
and the fluctuation of § may be due to soil water dynamic.

3.3 Primary Production

Net Primary Production (NPP) is a residual between
gross primary production (GPP) and autotrophic respiration
(Ra). Those values can be used to understand the biogeo-
chemical process in the terrestrial ecosystem. In the month-
ly scale, NPP and GPP in forest, shrub, and grass are always
constant (Fig. 8). In 2001 and 2002, NPP and GPP of the
shrub were mostly low because the land cover changing
process in this simulation started in 2001. Therefore, dur-
ing that period, shrub had a low leaf area index (LAI) that
led to low GPP and NPP. For soybean, GPP and NPP are
very fluctuating because soybean is not an evergreen plant.
High GPP and NPP occur during the planting period and

low during the non-planting period. In seasonal variation,
dry and rainy season do not impact on GPP and NPP. The
magnitude of GPP in forest, shrub, and grass are slightly
low in June to July (Fig. 9). It corresponds to decreasing net
radiation during this period.

La Nifa event does not effect on carbon absorption,
while El Nifio impact on decreasing GPP and NPP (Fig. 9).
In El Nifo years, the decline in GPP and NPP occur between
September and November. It corresponds to the decreasing
of net radiation and latent heat fluxes that also occur between
September and November. Forest, shrub, and grass have dif-
ferent respond to El Nifio event. Decreasing GPP and NPP
in forest only occur in El Nifio 2015 (Fig. 8). In shrub, GPP
and NPP decline in El Nifio 2006 and 2015. Grass is more
sensitive to El Nifio event than forest and shrub. It expe-
rience decreasing GPP and NPP three times, i.e., El Nifio
2002, 2006, and 2015. Grass has shorter root depth than for-
est and shrub (Schenk and Jackson 2002). Thus, grass more
sensitive to drought because it cannot access to deep water
source. In strong El Nifio, severe drought also trigger grass
mortality (Breshears et al. 2016).

In 2015, primary production was low in all land
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Fig. 8. Monthly time series data of GPP, NPP, and autotropic respiration (Ra) in forest, shrub, grass, and soybean from 2001 to 2015.
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cover. During this period, El Nifio had a high impact on
GPP and NPP. Jambi was covered by smog due to forest
fire. This smog reduces incoming solar radiation and de-
crease the photosynthesis process. Therefore, vegetation has
low carbon absorption. Also, the deficit in rainfall over a
couple of months cause water stress. Thus, the plant will in-
crease its resistance to decreasing transpiration. As water is
precious for capturing carbon, increasing water stress leads
to decreasing carbon absorption. Most of the absorbed car-
bons are also used for maintenance respiration, leading to
reducing in NPP. This result is also in line with the study of
Gushchina et al. (2019) in which robust El Nifio 2015 also
affected the weakening NPP in tropical rainforest in Central
Sulawesi due to an increase in air temperature. Similarly, in
a nearby oil palm plantation carbon uptake was reduced by
86% during the smoke period in the ENSO 2015 (Stiegler
et al. 2019).

Forest changing into shrub, grass, or soybean has a
different impact on primary production (Fig. 10). Impact
of El Nifio to carbon absorption is high from September to
November. Thus, analysis the effect of forest cover change
to GPP and NPP focus on the period of September to No-
vember. Generally from 2001 to 2015, changing forest to
the other land-use cover cause decrease in GPP and NPP
(Fig. 10a). LAI of forest is larger than grass and soybean, so
capturing carbon though photosynthesis is also larger than
those land-use cover. Broadleaf evergreen trees have a large
biome, so most of the carbon absorption will be allocated for
metabolic respiration. Consequently, forest will have low
NPP than the other land-use. However, during September
to November it occur the opposite condition. Forest always
has high NPP unless in 2015, while in some years shrub and
grass have low NPP due to water stress. During strong El
Niflo, changing forest into shrub and grass decrease primary
production (Fig. 10b). Reducing carbon absorption is done
to overcome water stress. However, the carbon uptake of the
forest is still higher because forests can face drought stress
better. In contrast, soybean has higher NPP than forest. In
October and November, soybean is entering planting time.
NPP in soybean always high during planting time although
it is in El Nifo years (Fig. 9).

Carbon use efficiency (CUE) is defined as ratio be-
tween net primary productivity (NPP) and gross primary
productivity (GPP). CUE varied by land uses covering types
with the higher value found in soybean (0.64), followed by
grass (0.40), forest (0.38), and shrub (0.27) (Fig. 11). CUE
of soybean is significantly higher than that of the forest. In
comparison with natural vegetation, CUE of irrigated soy-
bean is higher due to the availability of water and also soil
nutrient supply (Chen and Yu 2019). CUE of grass is higher
than the forest, but the difference is not significant. Lower
CUE in the forest is mainly caused by higher respiration
for maintaining forest biomass compared to other land use
types (Tang et al. 2019). For shrub, low CUE is also influ-

enced by its high autotrophic respiration.

3.4 Coupling Strength in Terrestrial Segment

Land-use change can lead to major change in local sur-
face energy and water budgets and therefore to atmospheric
stability. In the water cycle, soil moisture and evapotranspi-
ration affect each other. Further, surface evapotranspiration
will moisten the boundary layer and influence precipita-
tion (Chen and Dirmeyer 2017). In this study, we just fo-
cus on terrestrial segment of the land-atmosphere coupling
strength. The terrestrial segment has been characterized by
the correlation in time between variations in soil moisture
and latent heat fluxes. In forest, shrub, grass, and soybean,
the coupling strength between soil moisture and latent heat
fluxes is positive (Fig. 12a), indicating that the wet (dry)
soil will increase (decrease) latent heat fluxes. However,
the R-squared value for whole time series between soil
moisture and latent heat fluxes is relatively low (Fig. 12b).
There are several factors that cause a weak land segment
of land-atmosphere coupling. Some vegetation has long
root and it will take water for transpiration from deeper soil
layer. Therefore, soil layer must be considered in the assess-
ments of land-atmosphere coupling strength. Soil moisture
and evapotranspiration also have nonlinear relationship in
which vegetation tend to growth if soil water is available.
In addition, transpiration strongly related to photosynthesis
process and it is influenced by other factors such as bio-
geochemical processes. According to Williams et al. (2016),
leaf area index (LAI) is more sensitive to evaporative frac-
tion than soil moisture. It also implies that vegetation cover
also plays a vital role in surface energy balance partitioning
than soil moisture.

4. CONCLUSION

Land use changes can alter surface heat fluxes. For-
est changing to shrub, grass, and soybean decreases latent
heat fluxes and increases heat fluxes sensibility. It is more
intense during El Nifio years, especially in 2015. High LAI
and surface roughness mainly cause high latent heat and
low sensible heat in the forest. Shrub and forest have larger
fluctuations in Bowen ratio ([3), but soybean conserved this
fluctuation. Land use changes can also alter carbon absorp-
tion. Forest changing into shrub, grass, and soybean had a
different impact on primary production. Forest turning into
soybean increased NPP, while forest changing to grass and
shrub would decreased NPP. In the strong El Nifio event,
all primary production significantly decreased when forest
change to those land cover. Land use change may increase
the efficiency of carbon storage. Among all land covers,
soybean had higher CUE due to the availability of water
and soil nutrient supply. In comparison, the forest had low-
er CUE due to its high respiration for maintaining forest
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biomass. Land cover can control climate conditions in the
region. Coupling strength between soil moisture and latent
heat fluxes in all land cover is positive, but the R-squared is
relatively low. This result means that soil moisture is not a
significant factor impacting on latent heat fluxes variation.
LAI may be more sensitive to evapotranspiration rather
than soil moisture. Therefore, vegetation cover plays a vital
role in surface energy balance partitioning rather than the
land surface state.
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