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Climate change has become a global concern for scientists as it is affecting almost every ecosystem. Larix gmelinii and Betula
platyphylla are native and dominant forest species in the Daxing’anling Mountains of Inner Mongolia, playing a major role in
carbon sequestration of this region. 1is study was carried out to assess the effect of climate variables including precipitation and
temperature on the biomass of Larix gmelinii and Betula platyphylla forests. For this purpose, we used the climate-sensitive stem
biomass allometric model for both species separately to find out accurate stem biomass along with climatic factors from 1950 to
2016. A total of 66 random plots were taken to attain the data from this study area. Larix gmelinii and Betula platyphylla stem
biomass have a strong correlation with annual precipitation (R2 = 0.86, R2 = 0.71, R2 = 0.79, and R2 = 0.59) and maximum
temperature (R2 = 0.76, R2 = 0.64, R2 = 0.67, and R2 = 0.52). However, annual minimum temperature (R2 = 0.58, R2 = 0.43,
R2 = 0.55, and R2 = 0.46) and annual mean temperature (R2 = 0.40, R2 = 0.22, R2 = 0.36, and R2 = 0.19) have a relatively negative
impact on tree biomass. 1erefore, we suggest that both species have a very strong adaptive nature with climatic variation and
hence can survive under drought and high-temperature stress climatic conditions.

1. Introduction

Increasing carbon concentration in the atmosphere and its link
with global warming has attracted worldwide attention of the
scientists [1]. Previous studies have suggested that carbon sink
in the terrestrial ecosystem has a crucial effect on global
warming [2, 3]. Forest ecosystems cover more than
4.1× 109 hectares of the total land and store approximately 638
billion tons of carbon [4]. Forest ecosystem stores approxi-
mately 80% of carbon in the aboveground biomass and 40% in
the belowground biomass [5]. 1ere is a strong relationship
between the nature of the forest ecosystem and climatic factors

[6, 7]. It has been reported that forest carbon sink can mitigate
the global warming that may affect the climate at daily, sea-
sonal, and decades basis through carbon sequestration [8].
Forests play a key role in balancing global warming due to their
carbon absorption capacity which exhibits spatial and tem-
poral dynamics [9]. Forest carbon greatly influences the cli-
matic variables and carbon sequestration potential [6, 10].
1erefore, the trend of forest carbon sequestration potential
and its response to climate variables can provide a pure vision
of ecosystem mechanism feedback to climate change.

Forest can provide a low-cost option to mitigate climate
change [11]. However, the climatic factors, especially the
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temperature and precipitation [12], have significantly
influenced tree biomass [13] and composition of forest
vegetation [14]. Climate change also affects the soil water
content to regulate the process of reparation, decomposition
of soil organic compound, photosynthesis, and tree growth
[15, 16]. 1erefore, it is necessary to study the dynamics of
forest vegetation and its relationship with the climate factors
including precipitation and temperature variables in order
to understand the quality of a terrestrial forest ecosystem
and maintain its optimal functioning [17, 18]. Numerous
studies explored the carbon sink and tree biomass of forest
trees with different models in China. Some of them used the
mature forest to estimate stem biomass [19]. However, many
others estimated the carbon storage and tree biomass from
the logistic equation at the species level [20, 21]. Larix
gmelinii and Betula platyphylla are native species of
northeastern Daxing’anling Mountain, Inner Mongolia,
China [22]. Other species of this area are Mongolica, Pinus
clausa, and Chilopsis linearis [23]. During the previous
decade, many research studies have predicted that Larix
gmelinii population would decrease in China, in the context
of future climate changes induced as a result of rise in the
annual temperature [24], monthly temperatures [25, 26],
and annual precipitation [27]. Forest biomass is influenced
by both temperature and precipitation [22, 24]. High-in-
tensity light and salinity also affect forest population growth
negatively [28]. Tree ring is the study to predict future
climate variation and perceive the longitudinal pattern of
trees’ biomass growth [26, 29]. As a result, tree growth
examination and assessment can increase our understanding
and can predict the possible fluctuations in forests biomass
and carbon sequestration potential [30, 31].

Climate change generates a great deal of uncertainty,
which remains a key factor in the regulation of the biomass
of forests. Despite its impactful role in the carbon sink, very
limited and basic research has been carried out to evaluate
the response of potential biomass changes and carbon
storage of Larix gmelinii and Betula platyphylla to the cli-
mate change [29, 31–33]. In this paper, we studied Larix
gmelinii and Betula platyphylla forests stem along with the
climatic factors in Daxing’anling Mountains, Inner Mon-
golia, China. 1e main objective of this study was to find out
a correlation of climatic variables including annual pre-
cipitation and annual temperature variables with the stem
biomass and carbon sequestration of Larix gmelinii and
Betula platyphylla forest.

2. Materials and Methods

2.1. Study Area. 1is study was conducted in the mountains
of Daxing’anling (E′7118.19.10-W′126.41.52, N′47.48.35-
S53.33.12) located in northeastern China and connected
with Heilongjiang Provinces from east to west (Figure 1).
1is area exhibits the temperate continental climate of the
climbing zone cold of the monsoon having long and cold
winter, while hot and short summer. It has a total area of
83000 km2 with an altitude of 3556m (11667 ft.). Annual
rainfall varies between 350mm and 500mm,mostly received
from May to October [34]. Annual mean temperature varies

from January to July +20°C to − 28°C with the wind speed of
1106miles per hour. Forest ecosystem of this region has
severe climatic conditions although there is still a difference
between the northern and southern parts due to the
adaptability of flora with climatic change.

2.2. Field Data Collection. Field surveys were conducted in
2017 to collect data from the study area using circular plots
operation design. A total of 66 plots were randomly taken,
and each plot has a radius of 17.84m to find out biomass and
carbon stock of Larix gmelinii and Betula platyphylla.
Among the total, 39 plots have Larix gmelinii and 27 plots
have Betula platyphylla species. Tree diameter at breast
height (DBH) and tree height (H) was measured and
recorded on the LINTAB5 and statistically verified COFE-
CHA software.

2.3. Climatic Data Collection. We collected the climatic
factors data like annual precipitation, annual maximum
temperature, annual minimum temperature, and annual
mean temperature from 1950 to 2016 (Figure 2). Data of
these parameters were downloaded from the (0.5°) grid data
using KNMI Climate Explorer (https://climexp.knmi.nl).
1ese selected climate stations were uniformly distributed in
the northeastern region of Inner Mongolia, China. Climatic
data of each sample plot were downloaded from its co-
ordinate with the help of the global positioning system
(GPS) with an accuracy of 1meter, which was used to extract
geographical data of each sampling plot. To evaluate the
accuracy of interpolated values, we use regression analysis
between interpolated and measured temperature variables
and precipitation. Climatic data were divided into two
categories on the basis of precipitation such as <470mm or
>470mm for Larix gmelinii and <430mm or >430mm
Betula platyphylla.

2.4. Stem Biomass. Biomass is a very important part of the
forest ecological system. Quantifying accurate tree biomass
is essential to study carbon storage along with the effect of
climatic gradients such as precipitation and temperature
variables [35, 36]. Although directly measuring the actual
weight of tree components such as branch, stem, root, and
foliage is the perfect method, it is destructive, time-con-
suming, and a costly method. 1erefore, stem biomass
model is considered the best method to estimate tree bio-
mass [37, 38]. To find out above tree biomass usually, tree
models are used having a diameter at breast height and tree
height [39–44]. In this paper, forest stem biomass and
carbon storage for broadleaved and coniferous forests were
calculated separately. 1e following common allometric
equations were used:

Larix gmelini equationWs � 0.025 D
2
H 

0.96
, (1)

Betula platyphylla equationWs � 0.1193 D
2
H 

0.8372
,

(2)
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where “Ws” is the stem biomass in kg, “D” is the tree di-
ameter at breast height, and “H” is the height of the tree. 
e
coe�cient of determination (R2) is 0.025 and 0.1193,

respectively. Total stem biomass per plot was summed for all
plots to average biomass and carbon stock of the individual
plot. 
en, we converted it to tons per hectare (tons/ha).
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Figure 1: Sketch plots map of geographic division of Daxing’anling Mountain, northeastern Mongolia, China.
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Figure 2: Spatial distribution of climatic factors for annual precipitation, annual maximum temperature, annual minimum temperature,
and annual mean temperature from 1950 to 2010, from the sampling plots for Larix gmelinii and Betula platyphylla in Daxing’anling
Mountain, Inner Mongolia, China.
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2.5. Data Analysis. During data analysis, the correlation
analysis, one of the most common and important statistical
method, was used to find out the relationship between two
variables [45]. For both variables, x and y were used to find
the correlation coefficient and calculated as follows:

rxy �


n
i�1 xi − x(  yi − y( 

�����������


n
i�1 xi − x( 

2
 �����������


n
i�1 yi − y( 

2
 , (3)

where xi represents the value of x for sample I, yi represents
the value of y for sample I, and n is the number of samples.
However, x is the average of all xi and y is the average of all
yi. Commonly testing the significance of the correlation
coefficient of variables uses the t distribution [45]. To find
out the relation of variables (origin 2016), was used to detect
the statistical difference between biomass and climatic
gradients, such as temperature variables and precipitation.
1e coefficient of determination (R2) and the probability
level (P) were used to determine the fit quality of the curves.
1e level of the significant (R2 � 0.05) was used in the
analysis of variance (ANOVA). To check the variable re-
lationship accuracy, we used linear regression analysis. All
statistical analyses were done with Origin 2016 on Windows
10.

3. Results

3.1. Amount of Stem Biomass, Carbon Stock, and Climate
Factor Parameters for Larix gmelinii. Larix gmelinii forests
showed a huge variation in biomass and carbon stock at
precipitation (<470mm). 1e average stem biomass
75±50.2 tons/ha, carbon stock 37.5±25.1 tons/ha, precipitation
442.8±25.5mm, maximum temperature 4.6±1.5°C, and
minimum temperature − 8.4±3.5°C, while the corresponding
variation on precipitation at >470mm, stem biomass ton/ha
33.51±16.78, carbon stock 16.76±8.39 tons/ha, precipitation
483.74±11.10mm, maximum temperature 3.43±0.81°C, and
minimum temperature − 10.87±1.97°C. 1e highest and lowest
values of biomass and carbon stock along climatic factors found
in the Inner Mongolia forests are presented in Table 1.

3.2. Correlations of Stem Biomass with Climatic Gradients,
Temperature Variables, and Precipitation with Larix gmelinii.
Stem biomass comparisons with 66-year period of climatic
variables showed the strongest coefficient correlations
(p< 0.05) (Figure 3). Stem biomass response of Larix
gmelinii to precipitation at >470mm with climatic variables
was as follows: positively correlated with precipitation
(R2 � 0.86) and maximum temperature (R2 � 0.76), as shown

in Figures 3(a) and 3(b), respectively, and negatively cor-
related with minimum temperature (R2 � 0.58) and mean
temperature (R2 � 0.40), as shown in Figures 3(c) and 3(d),
respectively.

In case of precipitation at <470mm, stem biomass of
Larix gmelinii had a strong significant correlation with
annual precipitation and maximum temperature, i.e.,
R2 � 0.71 and R2 � 0.64, respectively (Figures 4(a) and 4(b)).
However, biomass was negatively correlated with minimum
temperature (R2 � 0.43) and mean temperature (R2 � 0.22)
(Figures 4(c) and 4(d)).

3.3. Amount of Stem Biomass, Carbon Stock, and Climate
Factor Parameters for Betula platyphylla. Betula platyphylla
forests presented huge variation in their biomass and carbon
stock at precipitation <430. 1e average stem biomass is
126± 31.8 tons/ha, carbon stock 67 tons/ha 66.9± 25.0, an-
nual precipitation 384.6± 40.4mm, annual maximum
temperature 4.5± 1.3°C, and annual minimum temperature
− 9.5± 1.9°C. While the corresponding variation at the
precipitation is >430mm, the average stem biomass was
140.9± 43.7 tons/ha, carbon stock 70.5± 21.9, annual pre-
cipitation 452.3± 15.3mm, annual maximum temperature
2.7± 0.3°C, and annual minimum temperature − 13.1± 0.7°C.
1e highest and lowest values of biomass and carbon stock
along climatic factors found in the Inner Mongolia forests
are presented in Table 2.

3.4. Correlations of Stem Biomass with Climatic Gradients,
Temperature Variables, and Precipitation with Betula
platyphylla. Stem biomass response of Betula platyphylla to
climatic factors from 1950 to 2016was calculated to determine
the correlation along with climatic factors (Figure 5). In case
of precipitation at >430mm, stem biomass of Betula platy-
phylla had a strong significant correlation with annual pre-
cipitation and maximum temperature, i.e., R2 � 0.79 and
R2 � 0.67, respectively (Figures 5(a) and 5(b)). However,
biomass was negatively correlated with minimum tempera-
ture (R2 � 0.55) and mean temperature (R2� 0.36)
(Figures 5(c) and 5(d)).

In addition to the correlation of Betula platyphylla
stem biomass with <430mm precipitation, positive
correlation was found for biomass with annual pre-
cipitation (R2 � 0.59) and annual maximum temperature
(R2 � 0.52) (Figures 6(a) and 6(b)), while negative cor-
relation was found with annual minimum temperature
(R2 � 0.46) and annual mean temperature (R2 � 0.19)
(Figures 6(c) and 6(d)).

Table 1: Mean and standard deviation of stem biomass, carbon stock, precipitation, and temperature variables on precipitation >470mm
and <470mm of Larix gmelinii across the geographic regions of Daxing’anling Mountain of Inner Mongolia, China.

Larix
gmelinii

Statistical
variables Biomass (tons/ha) Carbon stock (tons/ha) Precipitation

(mm)
Maximum
temperature

Minimum
temperature

PPT<470 Mean 75 37.5 442.8 4.6 − 8.4
Standard deviation 50.2 25.1 25.5 1.5 3.5

PPT>430 Mean 33.51 16.76 483.74 3.43 − 10.87
Standard deviation 16.78 8.39 11.1 0.81 1.97
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Figure 3: Relationship between Larix gmelinii stem biomass (SB) with >470mm (PPT) along climatic gradients from 1950 to 2016: (a) annual
precipitation; (b) annual maximum temperature; (c) annual minimum temperature; (d) annual mean temperature.
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Figure 4: Continued.
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Table 2: Mean and standard deviation of stem biomass, carbon stock, precipitation, and temperature variables on precipitation >430mm
and <430mm of Betula platyphylla across the geographic regions of Daxing’anling Mountain of Inner Mongolia, China.

Betula
platyphylla

Statistical
variables Biomass (tons/ha) Carbon stock

(tons/ha)
Precipitation

(mm)
Maximum
temperature

Minimum
temperature

PPT<470 Mean 126 66.9 384.6 4.5 − 9.5
Standard deviation 31.8 25 40.4 1.3 1.9

PPT>430 Mean 140.9 70.5 452.3 2.7 − 13.1
Standard deviation 43.7 21.9 15.3 0.3 0.7
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Figure 4: Relationship between Larix gmelinii stem biomass (SB) with <470mm (PPT) along with climatic gradients from 1950 to 2016: (a)
annual precipitation; (b) annual maximum temperature; (c) annual minimum temperature; (d) annual mean temperature.
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Figure 5: Relationship between Betula platyphylla stem biomass (SB) with >430mm (PPT) along climatic gradients since 1950–2016: (a) annual
precipitation; (b) annual maximum temperature; (c) annual minimum temperature; (d) annual mean temperature.
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Figure 6: Relationship between Betula platyphylla stem biomass (SB) with >430mm (PPT) along climatic gradients from 1950 to 2016:
(a) annual precipitation; (b) annual maximum temperature; (c) annual minimum temperature; (d) annual mean temperature.
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4. Discussion

1e cold and temperate forests were extensively harvested in
Daxing’anling Mountain of China from 1960 to 2000. Now
young- andmiddle-aged strands of Larix gmelinii and Betula
platyphylla are dominating trees in this region. 1ese trees
play not only an important role in the carbon budget but also
host rich biodiversity. Our results showed that the biomass
of Larix gmelinii and Betula platyphylla is positively cor-
related with the annual maximum temperature and annual
precipitation. Similar results were reported in the previous
finding [46] acknowledging the important role of the
temperature and precipitation in the tree growth.

1e concentration of carbon storage and stem biomass
was not similar to climatic factors in Larix gmelinii and
Betula platyphylla. 1is resulted in dissimilarity in the
growth of the individual tree species. Long and sunny
summer days increase the rate of photosynthesis, which
eventually affect the tree biomass positively. Moreover, the
high temperature and precipitation also increase the rate of
litter decomposition and nitrogen mineralization which
improve the nutrient availability [47, 48]. Annual pre-
cipitation affects the air and soil, while maximum temper-
ature influences the water content and soil through
evaporation [49]. It shows a positive relation between
biomass, annual precipitation, and annual maximum tem-
perature [50]. High temperature and precipitation in the
growing season increase tree biomass value [51]. In addition,
more sugar is stored in the tree for winter, which is available
for tree growth until next following summer [52]. Besides
this, the maximum temperature at the beginning of the
growing season in the northeastern China could accelerate
the snow melting process, due to which more soil water
content is available for tree growth [53].

We also found that annual minimum temperatures and
annual mean temperatures negatively affected the tree
growth of Larix gmelinii and Betula platyphylla across cli-
matic factors, particularly during the cold and short seasons.
Our study further showed that the annual minimum tem-
perature and annual mean temperature during cold season
were the main factors that limit the growth of Larix gmelinii
and Betula platyphylla species. Our results consistently
matched with the previous findings [46]. A study indicated
that annual minimum temperature and annual mean tem-
perature of the previous year and current year had a negative
effect on tree biomass. Tree growth is regulated by many
factors, such as water, temperature, and nutrients, and it was
also found that biomass was well influenced by the current
soil moisture regime and amount of storage compound [54]
same like that at the end of winter hot months when
temperature starts increasing, which also increases the
utilization of stored carbohydrates [55]. 1is study showed
that wet winters annual minimum temperature and annual
mean temperature have a relatively weak negative impact on
tree biomass. 1e possible reason for that is high snowfall
weather during the winter season, which slows the snow
melting process affecting tree growth and biomass [56]. 1is
is probably because the quantity of precipitation and mean
temperature in the humid climatic region is very appropriate

for tree growth in the drought-resistant tree species par-
ticularly in the wettest quarter of growing season [57]. 1e
study also predicts that tree height also decreases the un-
certainty of the stem biomass estimation [58]. 1e spon-
taneous change of humidity, soil, species composition, and
solar radiations also affect biomass growth [59, 60].

In northeastern Daxing’anling Mountains, Inner Mon-
golia, China, the annual maximum temperature of the
wettest season is moderately high and it has a high amount of
precipitation in the growing season. 1is supports tree
growth as well and has a positive relation with tree biomass
[57]. Our result also showed that the annual precipitation
and maximum temperature have a positive correlation on
the growth of Larix gmelinii and Betula platyphylla. Betula
platyphylla and Larix gmelinii are naturally drought-re-
sistant tree species growing in northeastern China [57].
1erefore, they can easily maintain their survival at high
temperature and precipitation. Such condition cannot in-
hibit the physiological processes of the tree and stem bio-
mass [61].

In addition, a high quantity of rainfall and humidity can
cause loss of nutrients overflowing [62]. For more accurate
precision of tree biomass prediction, incorporating different
stand levels of the tree and climate variables could be better
[63, 64]. 1at is why in the current study, we select only a
simple tree biomass model along with two climatic factors
for final stem biomass prediction.

5. Conclusion

We divided precipitation of Daxing’anlingMountains, Inner
Mongolia, from 1950 to 2016, into two parts on basis of
precipitation for Betula platyphylla and Larix gmelinii
species and then checked the effect of precipitation and
temperature variables. 1e result of our study indicates that
the annual maximum temperature and annual precipitation
had a positive correlation with stem biomass. However, the
distribution of Betula platyphylla along with the most
predominant species Larix gmelinii has a negative correla-
tion with the annual minimum temperature and annual
mean temperature. In the overall influence of the last
66 years, climate factors predict that Betula platyphylla and
Larix gmelinii have more tolerance to future climate change.
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