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 Abstract 
Forest conservation for sustainable ecosystem services, environmental 
protection, biodiversity conservation, and the continuous supply of goods and 
services is a key concern for planners, policymakers, and regulatory 
institutions. Afforestation or artificial plantation is considered an essential 
strategic solution. When it comes to environmental protection and ecosystem 
services. However, the sustainable management of these forest ecosystems 
remains at risk due to a lack of pre-planning and management strategies. 
The research study focuses on monitoring and analyzing spatio-temporal 
changes in vegetation cover and regional climate patterns, and soil 
assessment in response to the implementation of the conservation plan in the 
Khipro forest, a desert region. The objective of this study is to identify the 
key drivers of degradation and an implementation plan for forest 
conservation and improvement of soil fertility and health in a desert region 
for crop production. The results analyzed for forest cover change over time 
indicate control over forest degradation after a significant loss of vegetation 
cover by the end of 2025. Improved vegetation cover resulted in stable 
regional climate conditions and enhanced soil enrichment. Results for 
Normalized Difference Vegetation Index (NDVI) in correlation with soil 
enrichment indicate a positive correlation with Soil Organic Carbon (SOC). 
The correlation supports the research findings that soil health has improved 
over time by controlling key drivers of land use that degrade soil fertility and 
crop production.  
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1. INTRODUCTION  
Artificial or plantation forests are extensively 
sustained and regulated forest types, with specific 
species, planted for wood production for 
industrial and domestic purposes, and 
Environmental protection (Labarre & 
Christophe, 2025; Tesfaye et al., 2025). Forest 
ecosystems play a key role in regulating the global 
carbon cycle, biodiversity, and climate change 
(Alhamd et al., 2025; Muhammad et al., 2024), 
capturing carbon from the atmosphere through 
photosynthesis and storing it in biomass and soil 
(Khan et al., 2021).  These ecosystems are carbon 
pools threatened by the conversion of forest land 
to other land types (Almeida et al., 2025; Li et al., 
2024). Deforestation leads to loss of ecosystem 
services and biodiversity, exacerbating climate 
change, water stress, soil loss, and negative 
impacts on socioeconomic development  (Jong et 
al., 2025; Kumar et al., 2024; Qian et al., 2024).  
Forest ecosystems provide numerous ecosystem 
services, both visible and invisible, that are 
valuable to communities and the quality of life 
(Ramachandra & Ahmed, 2025; Rita et al., 
2023). These ecosystem services are at risk due to 
land transformation and unbalanced 
environmental management (Rovai et al., 2023). 
Anthropogenic activities, particularly land cover 
changes, lead to loss of soil quality 
(Murindangabo et al., 2023). Land use and land 
cover change and mismanagement lead to 
changes in regional climate patterns and loss of 
soil fertility as a result of the decline in SOC, 
which leads to compromised soil ecosystem 
services (Lamla, 2023). Monitoring soil quality in 
relation to vegetation cover and climate is 
essential, especially where land cover and forest 
cover change are common practices due to 
anthropogenic pressure. It indicates the 
environmental quality of the ecosystem by 
determining the carbon stock in the soil pools 
(Hoyos et al., 2025). Forest plantation is one of 
the most effective nature-based solutions to 
achieve the targeted temperature of 1.5 ⁰C in 
strategic planning for climate resilience, 
sustainability (Esperon-rodriguez et al., 2025; M. 
Zhang et al., 2025), and soil enrichment. Arid 

and semi-arid regions experience water shortage 
and climate challenges, leading to soil loss, which 
requires regular monitoring. Monitoring change 
in vegetation cover due to land cover change is a 
challenge, particularly in developing countries, 
due to a lack of advanced technology approaches, 
inefficient knowledge, and a lack of resource 
support for sampling the area on a large scale; 
however, remote sensing technology provides 
reliable, accurate, and cost-effective data for 
monitoring such a large area.  
Traditional methods for field measurements are 
reliable and accurate for monitoring forest and 
vegetation cover in relation to climate; however, 
these approaches are far more expensive and 
time-consuming (Ali et al., 2018). Thus, remote 
sensing is the best alternative and approach for 
spatial and temporal analysis and environmental 
monitoring in a large area. Multiple RS 
techniques have been introduced for the 
estimation of change in vegetation cover. 
Therefore, remote sensing and vegetation indices 
are effective approaches in the field of ecosystem 
management and estimation of vegetation 
biomass quality (Garroutte et al., 2016). Several 
satellite-based vegetation indices have been 
introduced for forest biomass estimation. 
including Normalized Vegetation Index (NDVI), 
Soil-adjusted vegetation index (SAVI), and 
Enhanced vegetation index (EVI) are the most 
commonly used indices (Bordoloi et al., 2022).  
On the other hand, for soil monitoring and 
assessment, SOM is one of the soil quality 
indicators universally used for soil assessment 
(Campus & Osmond, 2009; Kumala et al., 2023). 
Soil quality assessment is carried out using 
multiple techniques and quality indices; however, 
SOM and SOC are considered the most 
important factors, impacting physical, chemical, 
and biological properties of soil. Several methods 
have been used for soil SOC and SOM 
assessment, including the Walkley-Black (WB) 
method, the Tyurin method, the TDS method, 
and the loss of ignition (LOI) method. LOI is a 
suitable and reliable method because it is a cost-
effective, quick, and simple method used for soil 
organic carbon carbonate (Cloete et al., 2025; 
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Heiri et al., 2001; Wright et al., 2008). This study 
uses the LOI method for laboratory assessment of 
soil samples to identify SOC and SOM 
properties. 
Pakistan’s natural resources, including forests, 
face conservation challenges due to capacity 
development, which leads to soil loss, affecting 
crop productivity on a massive scale. Continuous 
changes in forest cover and vegetation area 
influence ecosystem services; therefore, spatio-
temporal change analysis and continuous 
monitoring are essential for the management and 
conservation of these resources. This study aims 
to evaluate spatiotemporal changes in vegetation 
cover, leading to changes in climate in the Khipro 
forest using multiple indices, including NDVI 
and LST. Furthermore, these indices were 
evaluated in correlation with soil organic carbon, 
as playing a major role in regulating soil quality. 
This study contributes to strengthening 
knowledge and understanding of how each 
environmental factor responds over time.  
 

2. Material and Methods 
2.1. Study Area 
The Khipro Forest is an artificial forest, planted 
during the British colonial era in the early 20th 
century. It is situated in Sanghar District, Sindh, 
Pakistan (25°52′47″ N, 69°19′22″ E). The 
plantation aimed to prevent desertification, 
biodiversity conservation, and fulfill the demand 
for fuel-wood and lumber. Initially, it covered 
24,000 acres. The forest ecosystem services, 
including wildlife habitats, supply green cover 
and regulate the local climate, because it is 
located in an arid to semi-arid region. The region 
experiences climatic variations in terms of 
temperature and rainfall. Temperature ranges 
from 20⁰C to 47⁰C,  and rainfall ranges from 
88mm to 133mm. Khipro is a vulnerable forest 
zone due to encroachments, water scarcity, and 
deforestation, impacting its biological services, 
which is a challenge for forest conservation. 
However, it plays an important role in the 
socioeconomic and environmental landscape of 
the area despite these obstacles. 
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Fig 1. Study are location

2.2. Methodology 
The research study calculated vegetation indices 
(VIs) and climate indices using satellite data 
sources for an accurate estimation. The 
vegetation index, including NDVI and climate 
index LST, was calculated with a decadal gap for 
the year (2000-2025). These indices provide 
insights into vegetation change resulting from 
environmental and climate change. Climate 
indices, including temperature and precipitation, 
were dynamically correlated with NDVI and soil 
parameters, including SOC and SOM. It helps to 
understand how variations in vegetation cover 
influence the climate and its ultimate impacts on 
soil quality. The integrated analysis helps to 
understand the dynamic interaction between 
forest cover and the climate. Furthermore, these 
indices were correlated with soil health and 
parameters to determine the role of vegetation 

cover in contributing to soil health and 
enrichment. The soil sample were analyzed using 
the loss of ignition (LOI) method for the 
identification of SOC and SOM.  
 
2.2.1. Soil Sampling and Analysis  
A total of 75 soil samples were collected at a 
depth of 30 cm using a systematic soil sampling. 
For each soil sample point, four secondary 
sample points were selected for each plot to 
determine the soil characteristics. The samples 
were preserved and immediately moved to the 
laboratory. Before laboratory analysis, samples 
were air-dried at ambient temperature in a well-
ventilated area. Non-soil constituents were 
removed, and the dried soil was passed through a 
2mm sieve after crushing the soil material. After 
preprocessing, soil organic carbon and organic 
matter were determined using the Loss on 
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Ignition (LOI) method. In the first step, a clean, 
empty crucible was weighed and recorded as 𝑊1. 
5 grams of soil were dried in an oven for 24 
hours at a temperature of 105 ⁰C.  The dried soil 
samples were heated at 550 ⁰C in a muffle 
furnace for four hours. During this process, soil 
organic matter is burnt off and weighted as 𝑊2. 
Finally, organic matter for each sample was 
calculated using equation 4,  
 

𝑆𝑂𝑀% =
𝑊1−𝑊2

𝑊1
× 100        (4) 

The SOC values were calculated by dividing 
SOM by 1.724 (Bernardini et al., 2025).  The 
equation is given below (5), and the classification 
of organic carbon and organic matter is given in 
Table 1. 
 

𝑆𝑂𝐶% =  
𝑆𝑂𝑀%

1.724
                       (5) 

 
Table 1: Classification for Soil organic carbon and soil organic matter 

S. No Class Rating for Organic Matter Rating for Organic Carbon 

1 Very Low <1 ₋ 

2 Low 1.0-2.0 <0.40 

3 Moderate 2.01-3 0.40-75 

4 High 3.01-5 >0.75 

5 Very high >5 ₋ 

 
2.2.2. Normalized Difference Vegetation Index 
(NDVI) 
The Normalized Difference Vegetation Index 
(NDVI) is one of the indices used for biomass. It 
minimizes atmospheric and surface factors 
impacting enhanced green vegetation signals (X. 
Zhang & Ni-meister, 2014). It is the most 
commonly used vegetation index because of high 
NIR radiation and low red band reflectance. The 
NDVI quantifies the greenness and plant 
condition within forests or vegetated land (Anuar 
et al., 2023). NDVI is calculated using the 
equation; 
 

𝑁𝐷𝑉𝐼 =
𝑁𝐼𝑅−𝑅𝐸𝐷

𝑁𝐼𝑅+𝑅𝐸𝐷
                  (1) 

 
2.2.3. Land Surface Temperature 
Land surface temperature is one of the major 
climatic factors that indicate climate conditions 
in response to the land use type and activities in 
the region. The selected factor was considered to 
correlate with land use cover change, especially 
vegetation cover over time. The temporal changes 

identify impacts on climate due to the incline or 
decline of vegetation cover. The land surface 
temperature for Landsat 8 and 9 was calculated 
using the following steps.  
 
Step1: Conversion of top of atmosphere (TOA) 
radiance using equation 2. 
𝐿𝜆 = 𝑀𝐿 × 𝑄𝑐𝑎𝑙 +𝐴𝐿−𝑂𝑖

          (2) 
Step2: Conversion of Top of Atmosphere 
brightness temperature in Kelvin using equation 
3, 

𝐵𝑇 =
𝐾2

1𝑛(
𝐾1
𝐿𝜆

 +1)
 -272.15              (3) 

Where, 
𝐿𝜆 is TOA spectral radiance (watts/m2 ⅹ sr ⅹ 
um), 𝑀𝐿 represent the radiance of multiplicative 
band number, 𝑄𝑐𝑎𝑙 is the pixel values that is 
quantized and standard, 𝐴𝐿 represents radiance 
add band and 𝑂𝑖 is the correction values of band 
10 which is 0.29. 𝐵𝑇 is the brightness for the top 
of atmosphere, 𝐾1 and 𝐾2 indicate constant band 
numbers. 
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Fig 2. NDVI, LST, SOC, and SOM values for each Soil sample collected. 

 
 

 
Fig 3. Dynamic of SOC and SOM for each soil sample. 
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3. Results and Discussions  
3.1. Spatial-Temporal Change in NDVI and 
LST  
The variations in temperature can be observed, 
with changes in vegetation cover and vegetation 
health. NDVI values ranging from -0.23 to 0.67, 
with temperature 23.6 ⁰C to 33.3 ⁰C in 1990, 
which increased from 25.40 ⁰C to 36.8 ⁰C and 
27.9 ⁰C to 38 ⁰C in 2000 and 2010, respectively, 

as a result of a decline in vegetation cover. The 
NDVI values range from -0.19 to 0.64 and from -
0.05 to 0.48 in (2000 and 2010), respectively. 
The temperature decreased in 2020 and 2025 
due to an increase in vegetation cover. The NDVI 
and temperature values range from -0.8 to 0.50, -
0.05 to 0.54, 24.40 ⁰C to 35.9 ⁰C, and 24.4 ⁰C 
to 36 ⁰C in 2020 and 2025, respectively. Figure 4 
and 5 show spatiotemporal change of NDVI and 
LST, respectively.  

 
 

 

 
Figure 4. Spatitemporal change for NDVI. 
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Figure 5. Spatitemporal change for LST. 

 
3.2. Soil Organic Carbon 
Soil organic carbon stored depends on number of 
environmental factors, such as vegetation cover, 
soil texture, water holding capacity, and regional 
climate (Kumala et al., 2023). The analyzed 
samples for soil organic carbon were classified as 
low, ranging from >0.40. Moderate class values 
range from 0.40 to 0.75, and high class values are 
classified as > 0.75. The results indicate that 59 of 
the samples, with 78%, have organic carbon 
higher than 0.75, 10 of the total samples, with 
13.3%, are moderate, and 6 samples, constituting 
8% of the total samples, have low organic carbon.                                   
 
3.3. Soil Organic Matter 
The soil organic matter represents the soil fertility 
status, which differs from soil features, such as 

rock and other non-soil types. It enhances soil 
structure, soil fertility, moisture content, soil 
nutrients, and soil runoff control (Ravikumar & 
Somashekar, 2013). The soil organic matter was 
classified as very low, ranging <1, low 1.01-2.0, 
Moderate 2.01-3.0, High 3.01-5, and very high 
>5. The classified sample results indicate 23 
samples with 30% exhibit higher values, 16 
samples are moderate, and 16 samples are low 
values with 21%, respectively. 13 samples, 
constituting 17%, and 7 samples with 9% of the 
total samples are very low, and very high, 
respectively. Figure 6 shows percentage for 
classified SOC and SOM and class distribution 
for each soil sample.  
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Figure 6 (a). Classified SOC and SOM percentage. 

 

 
Figure 6 (b) soil class distribution for each sample. 

 
3.4. Dynamics of NDVI, LST, SOC, and SOM 
Understanding the dynamics of NDVI, LST, 
SOC, and SOM is crucial because these are 
strongly correlated, which helps decision-making 
and policy implementation. NDVI indicates 
spatial vegetation density within the region, 
which directly influences organic residue into the 
soil, hence enhancing soil fertility due to SOC 
and SOM accumulation. Conversely, elevated 
LST leads to sparse vegetation cover and reduced 
soil moisture, which ultimately leads to reduced 
SOC and SOM. Therefore, spatiotemporal 
variations for these factors reflect the combined 
effect on physical and chemical soil properties. 

Results for each soil sample analyzed indicate that 
organic carbon and organic matter are positively 
correlated with NDVI and negatively correlated 
with LST. Figure 8 clearly represents the dynamic 
correlation among these variables, where soils 
exhibit higher organic carbon and organic matter, 
with improved NDVI and lower LST. Soils 
exhibiting lower organic carbon and organic 
matter with higher LST. The correlation for each 
sample supports findings that soil health has 
improved over time by controlling key drivers of 
land use that degrade soil fertility and crop 
production. 
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Figure 8. Dynamic correlation of NDVI and LST in relation to the SOC and SOM. 

 
3.5. Annual Temporal Change in Climate 
Variables 
The annual temporal data analysis was carried 
out to identify the overall trend within the 
region. The results indicate a slight change in 
annual average temperature; however, these 
changes are associated with variations in NDVI. 
The variations in NDVI cover, resulting from 

deforestation drivers such as urban expansion 
and the cutting of fuel wood. An increasing trend 
in precipitation was observed, with decreasing 
temperatures. The overall trend is negatively 
correlated, which represents a clear insight into 
the climate of the study area. The improved 
precipitation events led to soil enrichment and 
fertility with improved vegetation cover.  
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Figure 9. Correlation for annual temperature and precipitation   
4. Conclusion  
The soil analysis indicates a strong correlation of 
SOC and SOM with NDVI dynamics, which 
supports improved soil health as a result of the 
management plan. The spatiotemporal changes 
of NDVI, LST, and soil health in the study area 
are dynamic and show strong interactions. Each 
correlation provides insights into understanding 
how the mechanisms of the ecological system are 
interconnected. Changes in one factor lead to 
changes in others, helping to identify controlling 
factors for soil fertility and quality. The variations 
in NDVI highlight the significant role of 
vegetation cover in regulating land surface 
temperatures and soil quality. Areas with higher 
vegetation values and lower temperatures tend to 
exhibit higher SOC and SOM; furthermore, 
precipitation variability influences vegetation 
cover and soil carbon storage. Increased 
precipitation events contribute to improved 
vegetation cover and stabilize soil conditions, 
which enhance soil carbon storage and improve 
soil quality. Sustainable land management 
practices that promote vegetation cover can play a 
critical role in maintaining soil health and 

fertility. It can also help to enhance carbon 
sequestration and long-term environmental 
stability.  
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