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Abstract
Objectives: Local climatic conditions directly influence organismal perfor-
mance and ecosystem functioning. Understanding spatial and temporal vari-
ations in microclimatic variables is crucial in the current rapidly changing land-
scapes. Thus, the present study investigates how microclimatic variables such
as air temperature, relative humidity, and soil temperature vary across diverse
land use systems in Dampa Tiger Reserve, Mizoram. Methods: Six land use
types were selected, namely primary forest, secondary forest, shifting culti-
vation, and monoculture plantations of oil palm, teak, and areca nut. Mid-
day air temperature, relative humidity, and soil temperature measurements
were recorded under each land use system on a seasonal basis− pre-monsoon,
monsoon, and post-monsoon seasons. An ART analysis of variance (ANOVA)
was conducted to examine the impact of land use on the microclimatic vari-
ables. Findings: Primary forest exhibited lower temperature and higher rela-
tive humidity compared to the modified land use systems across all seasons.
Air and soil temperature peaked during the pre-monsoon season, while relative
humidity was at its lowest across all land use types. Primary forest showed the
greatest thermal buffering during the pre-monsoon period, with temperatures
4.46∘C below the seasonal mean, while the current jhum was 3∘C higher than
the average. Air temperature and soil temperature were strongly positively cor-
related (𝜌 = 0.82, P < 0.01), whereas relative humidity was negatively correlated
with air (𝜌 = -0.45, P < 0.01) and soil temperature (𝜌 = -0.62, P < 0.01). Novelty:
Unlike previous studies in the tropics focusing on single season or single vari-
able, the present study examines how shifts in land use systems and seasons
together influence the key microclimatic variables. The findings of the present
study strengthen our understanding of land use change impacts on seasonal
microclimatic variables and will assist decision makers and local stakeholders
in making informed decisions regarding sustainable land use practices.
Keywords: Land use; Microclimate; Soil temperature; Seasonal variation;
Forest
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1 Introduction
Forests are among the most productive ecosystems on earth and play a significant role in the Earth’s biogeochemical cycles
and also regulate climate at the regional and global scale (1). Conversion of forest to non-forested land use systems such as
agriculture land, plantation, urban land, etc. have been identified as one of the greatest threats to forest and the global climate
stability. This in turn, adversely affects the composition, diversity, structure, and the ecosystem services they provide (2), (3).
In this context, changes in ecosystems exert significant influence on the regulation of climate patterns at the macro, meso,
and micro spatial scale (4) Microclimates can be defined as the local climate conditions that organisms or ecosystems are
exposed to (5). They can be characterized by a wide range of variables, or combinations of variables such as air temperature,
rainfall, solar radiation, humidity, evaporation, direction and speed of wind, water availability, and soil temperature and
moisture. Variability inmicroclimates is strongly governed by topography and vegetation (6). Vegetation influencesmicroclimate
by regulating air temperature, moderating wind speed, controlling the amount of solar radiation and partly modifying the
spectral composition (7). This in turn is determined by the species composition, structure, and level of disturbances (natural
or anthropogenic). Therefore, changes in vegetation have significant impacts on the local climatic conditions; for instance, in
Malaysia, a 1.5 to 2.3 ∘C rise in temperature and a significant reduction in humidity were observed when peat swamp forests
were converted to oil palm plantations (8).

Dampa tiger reserve (DTR), situated within the Indo-Burma biodiversity hotspot, represents one of the biologically rich and
ecologically important landscapes in Northeast India. Like many other protected areas in India, the areas surrounding the core
zone of the reserve have undergone significant changes in land use pattern. These include shifting cultivation (jhum), human
settlements, monoculture plantations of cash crops such as oil palm, areca nut, teak, and rubber (9). Such transformations lead to
changes in forest species composition and structure, habitat fragmentations, and changes in ecological process. Land use change
effects on wildlife habitat and soil physiochemical properties have been addressed by previous studies (9), (10), (11). However, little
is known about their influence on the local climatic conditions. Understanding how micro-climatic parameters vary across
diverse land use systems is essential for assessing their ecological impacts and for framing management and conservation
strategies. Thus, our study aimed to assess the broad seasonal patterns of key microclimatic variables such as air temperature,
relative humidity, and soil temperature across selected land use systems in Dampa tiger reserve, Mizoram. We hypothesized
that forest stands have a more stable micro climatic conditions with lower soil and air temperature and higher humidity than
other land use systems. We also hypothesized that seasonal effect on the microclimatic variables is significant across the land
use systems.

2 Methodology

2.1 Study site

Dampa Tiger Reserve is located in the western part of Mizoram, India at 23∘32’42” − 23∘41’36” N latitude and 92∘13’12” −
92∘27’27” E longitude (Figure 1) The elevation ranges from 200 to 1100 m above mean sea level, and the mean annual rainfall
is 2,150 mmwhich falls mainly during May to October. Dominant forest types include tropical evergreen, semi-evergreen, and
moist deciduous forest. The reserve is divided into two management zones namely the core zone, covering an area of 545km2

and the buffer zone, with an area of 488 km2. The core zone is under rigid protection with minimal human disturbance while
the multi-use buffer zone is a mosaic of shifting cultivation also known as jhum, fallow jhum land, traditional agroforestry,
plantations, settlements and home gardens (12). For the present study, six land use systems in the core and buffer zones of DTR
were selected, namely primary forest (located inside the core zone of DTR with minimal human disturbance −PF), secondary
forest (regenerating forest after shifting cultivation − SF), current jhumland (active shifting cultivation where the major crop is
rice − CJ), and monoculture plantation of oil palm plantation (OP), teak (T), areca nut (AN).

2.2 Method

Temperature and relative humidity under each land use types were measured using a hygrothermometer positioned 1m above
the ground. Soil temperature reading was determined by inserting soil thermometer at a depth of 0−5cm from the surface.
Measurements were conducted from 2022 to 2023 across three distinct seasons− pre-monsoon (January – April), monsoon
(May – August), post-monsoon (September – December) to capture seasonal variations. Readings were taken during the day
at standardized time (midday hours) across each land use systems and measurements were avoided during extreme weather
condition to minimize potential bias. Hourly air temperature and relative humidity data were retrieved for from the NASA
POWER database (https://power.larc.nasa.gov/), to illustrate the diurnal variation in air temperature and relative humidity.
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Fig 1.Map showing locations of sampling points in the study site

These values were compared with field-measured values to contextualize the midday microclimatic conditions across land use
types.

2.3 Data Analysis

The collected data were tested for normality and homogeneity of variance using Shapiro–Wilk and Levene’s test. Since the
assumptions of normality were not satisfied, a non-parametric ART (Aligned Rank Transform) ANOVA was performed to
examine the effects of land use and seasons on each microclimatic variable followed by pairwise comparison using ART-C post
hoc test for multiple comparisons (13).

Correlation analysis was performed to examine the relationships among the measured variables using the Spearman’s rank
correlation coefficient. To quantify deviations in microclimatic parameters across land use types and seasons, a seasonal
anomaly analysis was conducted. Principal Component Analysis was performed to summarize the variability in microclimatic
variations and identify which variables best discriminate among land use systems. All Statistical analyses and visualization were
performed using R software (version 4.3.0).
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3 Results and Discussion

3.1 Effects of land use and seasons on air temperature, relative humidity, and soil temperature

Mean values of microclimatic variables are presented in Table 1 to aid descriptive interpretation, however statistical inferences
are based on the ART-ANOVA result.The air temperature was recorded to be highest during the pre-monsoon season across all
land use systems with significant reduction during the monsoon and post-monsoon seasons. According to the ART-ANOVA,
the main effects of land use (F=12.55, P <0.001) and season (F=138.99, P<0.001) on air temperature were significant, whereas
their interaction effect was not significant across the different land use types (F=1.09, P>0.05). The findings indicated that
seasons exhibited a strong influence on air temperature and that seasonal pattern of air temperature was consistent across
land use. The primary forest exhibited the lowest air temperatures across all seasons, whereas the current jhum recorded the
highest temperatures throughout. Among the monoculture plantations, oil palm exhibited the lowest seasonal air temperatures
compared to areca nut and teak plantations. The main effects of land use (F=31.17, P < 0.001) and seasons (F= 235.71, P<
0.001) as well as their interaction effects (F=5.97, P<0.001) were found to be significant on the measured relative humidity. The
relative humidity across each land use types displayed the following increasing seasonal pattern: pre-monsoon < post-monsoon
< monsoon. The pronounced increase in relative humidity during the monsoon season reflects the period when wind carry
moisture laden air from the ocean to the land areas (14).The results also indicated that the primary and secondary forests, and oil
palm plantations retained higher relative humidity even during the dry (pre-monsoon) season. In addition, the soil temperature
was significantly affected by land use (F=11.04, P<0.001) and season (F = 66.70, P<0.001) as well as their interaction (F=3.122,
P<0.001). Seasonal soil temperature pattern revealed that it was the highest during the pre-monsoon, followed by monsoon
and post-monsoon season across all land use systems (Figure 2). The observed midday values of air temperature and relative
humidity during post-monsoon season and diurnal variation of one example day (5th December 2022) are illustrated in Figure 3
to contextualize the field daytime result.

Table 1. Seasonal mean value (±SD) of microclimatic variables across land use systems
Seasons Land Use Air Temperature (∘C) Relative Humidity

(%)
Soil Temperature
(∘C)

Pre-Monsoon PF 28.9±3.06 62.2±4.07c 24.3±1.21a

SF 31.2±3.04 51.3±9.35b 29.8±3.31b

CJ 34.4±2.94 47.5±5.86c 35.5±6.83b

OP 30.7±4.43 56.7±9.75b 28.3±2.25ab

T 32.9±4.98 47.7±5.05c 29.2±2.14b

AN 32.2±3.27 48±2.61b 29.8±2.79b

Monsoon PF 24.5±0.45 93.7±0.52a 23±0.63a

SF 25±0 68.7±0.52a 25±0b

CJ 28.5±0.39 64.5±3.83a 26.7±0.52c

OP 28.5±0.45 71±2a 25±0a

T 28±0.05 69.2±1.6a 25±0b

AN 28.8±0.31 66.7±0.52a 25±0c

Post-Monsoon PF 20.8±1.07 69.8±1.47b 19.5±2.26a

SF 22.2±0.28 59.5±4.14b 21.8±2.79b

CJ 24.8±1.32 54.3±0.52b 22.7±3.33c

OP 23.4±3.27 68.7±0.52a 22.3±4.84a

T 23.6±1.76 62.7±3.01b 25.2±0.40b

AN 25.2±2.7 62.2±4.13a 25.5±0.83d

PF: Primary forest, SF: Secondary forest, CJ: Current jhum, OP: Oil palm, T: Teak, AN: Areca Nut. Different uppercase letters
are significantly different (p < 0.05) between land use within each season.

The marked increase in air and soil temperature and decline in relative humidity with the land use shift from forest to oil
palm, teak and areca nut plantations, and jhum cultivation could be attributed to increase in canopy gaps and reduction in
canopy diversity in these modified land use systems. The dense vegetation in the primary forest reduced the amount of solar
radiation reaching the understory, thereby keeping the ambient temperature cooler than the adjacent land use types (15). Similar
finding is reported from northern Ecuador, where air temperature was found to increase significantly when forest is converted
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Fig 2. Seasonal variations in microclimatic variables across different land use systems

Fig 3.Diurnal variation of air temperature (∘C, red line) and relative humidity (% RH, blue line) on 5 December 2022. Shaded areas represent
the observed field ranges for air temperature (pink) and relative humidity (blue)
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to monoculture plantation, pastures, and planted forest (4). Though soil has higher inertia than air, the land use transformation
effect on soil remains notably significant, as is evidenced by the current examination. This observation is consistent with the
findings of similar study in southern Ethiopia, where soil temperature under open land area was reported to be significantly
higher than two plantation forests (16). In addition, the complex vertical structure of the primary forest plays a significant role in
regulating the relative humidity. Vegetation influences humidity by absorbing water from a ground source and releasing it into
the atmosphere through a process known as transpiration.The regulation of humidity under the forest is further complemented
by photosynthesis, shading, and wild shielding effect of the vegetation. A notable increase in air and soil temperature at the CJ
site during the pre-monsoon coincides with the clearing and burning phase of the jhum cycle, during which the soil is exposed
with minimal vegetation cover. The bare soil is exposed to direct sunlight, and the lack of vegetation minimizes shading and
evapotranspiration effects, thereby raising the temperature in the current jhum site (17).

In contrast to open areas, closed canopy cover as observed in the primary forest site of the present study, exhibited moderate
temperature due to controlled sunlight penetration and wind. Similarly, in tropical regions like Delhi and New Mexico,
a relatively stable daytime microclimatic conditions were recorded which could be attributed to the large and continuous
vegetation cover and the related evapotranspiration process (18) Lenk et al. stated that forest canopy provides buffering effect
resulting in reduction of extreme climatic conditions (19). The regulating effect of canopy is not just limited to its structure,
but also to its composition. In the present study, primary forest and secondary forest with more diverse crown structure and
composition exhibited reduced temperature and retained moisture under their cover (20). This reflects the greater regulating
effect of diverse canopy cover compared to monoculture plantation and tree-less jhum cultivation sites.

3.2 Relationship among the microclimatic variables

TheSpearman correlation analysis revealed a significant positive relationship between air temperature and soil temperature (𝜌 =
0.82, P < 0.01), indicating that shifts in the ambient temperature are closely mirrored by the corresponding soil temperature. In
contrast, the relative humidity showed a significant negative relationship with both air (𝜌 = -0.45, P < 0.01) and soil temperature
(𝜌 = -0.62, P < 0.01). This suggests that an increase in air temperature, the capacity of air to hold moisture decreases, resulting
in reduced relative humidity (21).

3.3 Seasonal Anomaly Analysis

The deviations in the microclimatic variables from the seasonal means across the land use types are illustrated in Figure 4.
During the pre-monsoon season, the current jhum exhibited the highest positive anomalies in both air (3∘C) and soil
temperatures (6∘C), while the primary forest displayed the lowest anomalies, with 4.46∘C and 5.17 ∘C lower air and soil
temperature than the regionalmean, suggesting that these land use systems deviate strongly from the seasonalmean. In contrast,
the relative humidity exhibited an opposite pattern, with primary forest experiencing the highest positive anomaly (10%)
and the current jhum the most negative anomaly, with 6.39% lower than regional mean, further highlighting the contrasting
microclimatic conditions. The secondary forest showed the least deviation from the seasonal norm with just 0.14∘C lower than
the regional mean, while the oil palm, teak, and areca nut plantations exhibited moderate microclimatic deviations from the
seasonalmean.During themonsoon season, the areca nut plantationwas observed to be 1.57∘Cwarmer than the regionalmean,
while the primary forest was 2.7∘C cooler than the regional mean. A pronounced increase in relative humidity was observed in
the primary forest relative to the regional norm, as indicated by the large positive anomaly (20%). In addition, the current jhum
also experienced a significant reduction in relative humidity compared to the seasonal norm (-7.78%). The strongest positive
deviation in soil temperature (1.72 ∘C) was observed in the current jhum, whereas primary forest displayed the lowest negative
anomaly at -1.93∘C. During the post-monsoon season, the warmest air and soil temperatures were exhibited by the areca nut
plantation, both with a degree of 2.67 warmer than the seasonal mean. Meanwhile, the air and soil temperatures in the primary
forest were 2.71∘C and 3.33∘C cooler than the regional mean respectively. The high positive humidity anomalies and negative
temperature anomalies by the primary forest across all the seasons further suggest its greater thermal buffering and moisture
retention capacity than the regional average (15).

3.4 Principal Component Analysis (PCA) of microclimatic variables across land use types

The PCA biplot showed that 77.1% and 16.7% of the total variance was explained by the first two principal components (PC1
and PC2), which accounts for 94.4% of the cumulative variance in the data (Fig.5). PC1 exhibited a strong positive association
with air and soil temperature, and negative correlation with relative humidity. A distinct grouping pattern was observed among
land use, the current jhum and areca nut plantation clustered toward the positive side of PC1, reflecting higher air and soil
temperatures and lower humidity, In contrast, the primary forest and oil palm plantation and secondary forests exhibited
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Fig 4. Seasonal anomalies of air temperature, relative humidity, and soil temperature across land use types
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an opposite clustering pattern, corresponding to higher humidity and lower air and soil temperatures. Overall, PCA biplot
indicated that among the measured variables, air temperature and soil temperature are the key variables discriminating among
the land use.The strong loading of both air and soil temperature along the principal component axes further suggests that land-
use changes can significantly alter energy balance and heat flux near the ground surface (7). Therefore, microclimatic regulation
through vegetation management plays a crucial role in maintaining ecosystem stability and resilience in different land-use
systems.

Fig 5. Principal Component (PCA) biplot showing separation of land use based on microclimatic variables

4 Conclusions
The study observed that the conversion of forests to monoculture plantations of oil palm, teak and areca nut, and jhum
cultivation have significant impact on the microclimate variables such as air temperature, relative humidity, and soil
temperature. The modified land use systems recorded hotter and drier air condition, as well as higher soil temperature. The
buffering effect of undisturbed primary forest was stronger during the pre-monsoon season. Considering the direct influence of
microclimates on the growth and survival of species, and the functioning of an ecosystem, the study presents some preliminary
findings that enhance our understanding of how certain microclimatic variables respond to land conversion. Since the present
study focused exclusively on peak daytime data, therefore, further research incorporating nighttime measurements to capture
the full diurnal variation is recommended.
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