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Abstract: It is of great significance for environmental protection to explore the impact of climate and 
drought on different plant communities. We propose a grassland mechanism model based on ordinary 
differential equations to analyze the impact of different factors, including three modules and an 
assessment method for the environment. In order to quantitatively evaluate drought factors, we defined 
degree of drought as an indicator that plays an important role in the model. We implemented our model 
with MATLAB and made qualitative and quantitative analysis of analog data. As a conclusion, we 
propose five measures to give our contribution to long-term viability of a plant community and the larger 
environment. 

Keywords: Logistic Model, Biodiversity, Weather Cycles, Environment Assessment 

1. Introduction 

Plant communities with different species have different abilities to adapt to drought. Numerous 
observations have shown that plant communities with four or more species are better adapted to droughts 
than those with one species.[1] This implies that a certain amount of biodiversity is required for a plant 
community to benefit from this localized biodiversity.  

However, the necessary level of diversity has yet to be determined. Additionally, it is uncertain how 
this phenomenon changes when the number of species in a community increases [2]. These questions 
represent important points of research as they could provide insights on how to best conserve species and 
ensure the long-term sustainability of plant communities. Understanding how different species respond 
to environmental stresses can act as a valuable tool for how humans interact with the natural world. 

2. Systematic model of plant community variation with drought degree 

2.1 Module I: Three Types of Plant Community Interaction Model 

We applied the established interspecific competition model according to the Logistic rule to the 
specific plant community [3,4], and divided the plant community into trees, shrubs and herbs for 
discussion, and studied the competition relationship between them [5]. In the situation of the problem, 
drought is not the only thing that is unfavorable to the survival of a certain plant on the grassland. Drought 
also seriously affects the survival of plants, and the shortage of water resources caused by drought will 
severely compress the living space of plants.  

Therefore, we take the parameter Degree of drought into account in the formula, which makes the 
model more consistent with the actual situation, and established the following differential equation: 

                 (1) 
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                 (2) 

                 (3) 

2.2 Module II: Community plant species number change model 

Next, we will construct a model to track the changes in species population in the plant community. 
Considering the different growth characteristics of each species, we will devise separate population 
models for trees, shrubs, and herbs: 

                                (4) 

                               (5) 

                                 (6) 

Where 𝑉𝑉𝑡𝑡 , 𝑉𝑉𝑏𝑏 ,𝑉𝑉ℎ  indicate the number of species of tree, shrub and herbaceous populations, and 
𝐼𝐼𝑡𝑡 ,  𝐼𝐼𝑏𝑏, 𝐼𝐼ℎ indicate the species generation probability of the three populations. 

We want to explore the effect of B,S and K on the probability of species formation, which is very 
small at the numerical level, so we think of amplifying this effect by logit transformation, so that the 
results will also change greatly with the changes of these factors, so as to solve the sensitivity problem 
of dependent variables changing with factors .Then we do the logit transformation to the above formula 
sub: 

                        (7) 

                        (8) 

                        (9) 

Where 𝑘𝑘 is the probability extended constant coefficient. Due to the transformation characteristics 
of logit, when 𝑘𝑘=10, we let: 

                           (10) 

Then the result comes to I≈6.6ρ ∗ 10−3, which suggests the error is minimal and has a good fitting 
effect. So the 𝑘𝑘 takes the value of 10. 

Adding up the number of species and biomass of each population, we obtained the total number of 
species and the total biomass of the plant community: 

                         (11) 

                          (12) 



Academic Journal of Environment & Earth Science 
ISSN 2616-5872 Vol.5, Issue 5: 35-40, DOI: 10.25236/AJEE.2023.050506 

Published by Francis Academic Press, UK 
-37- 

2.3 Module III: Drought degree and precipitation model 

In order to study changes in plant communities under the drought cycle, we need to define the degree 
of drought. We decided to define the degree of drought by a model of drought index, which involves the 
water demand of plants and the proportion of rainfall area [6-9].  

To define the drought level of a region based on the water requirement of plants and the relative area 
of precipitation, we take the negative logarithm of it in order to limit the data between 0 and positive 
infinity, while making the drought level and precipitation amount negative correlation [10]. 

                   (13) 

In the above model, the value of D is zero when the rainfall is excessive, and if D <0 occurs, make 
D=0 to avoid discussing the effect of excessive rainfall. 

The degree of drought as defined by this model allowed us to conduct our next biodiversity-based 
environmental assessment. 

2.4 Environmental assessment model 

After obtaining the drought degree index, we comprehensively considered the number of species, the 
total amount of organisms, and the community area of the plant community to establish an environmental 
assessment model, which can simate the actual situation of the environment [5, 11].  

                      (14) 

In order to better simulate the reality, we incorporate into the modeling that the value of E increases 
with the number of species, while decreases with the increase of total biomass. Too much or too little 
biomass reduces the environmental assessment index. 

Within this environmental assessment model, the E index can reflect the adaptation level of the plant 
community to the environment and further simulate the growth of the plant community in drought cycles. 

3. Results 

3.1 Change Trend of the Number of Plant Species Error Analysis of Model One 

We want to get the result of our model to see the change of the number of plant species. Our model 
was implemented with MATLAB. We initialized our model and set parameters to common values. Then 
we ran our program and got the change trend of the number of plant species. As the following figure 1. 

 
Figure 1: Trends in Species Number 
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In our model, we use E to represent for environmental assessment indicators, which can assess the 
larger environment. So we get the change trend of the environental assessment indicators. As the 
following figure 2. 

 
Figure 2: Change Trend of the Environment Assessment Indicators 

In this figure 2, we have come to the conclusion that a moderate number of species is most beneficial 
to the system. Over time, the number of species gradually increased. When the number of species is too 
large, this may lead to species flooding, excessive consumption of environmental resources, and damage 
to the entire system. If the number of species is too small, the ecological environment is unstable and 
easy to be damaged by other invasive factors. 

3.2 Impact of Different Plant Communities on the System Error Analysis of Model Three 

We’re supposed to explore the impact of different plant communities on the system. There are a large 
amount of plant species in the biosphere so we classified them into three different communities which 
are tree, bush and herb in our model. In the result, we see that the number of herb in the system is the 
largest, followed by bush and tree. Then we’d like to show the different impact of these three 
communities on the system through changing initial value of biomass of different communities and make 
sensitivity analysis. As the following figure 3. 

 

 
Figure 3: Relationships between Population and Different Plant Communities 

In this figure, we can see the different impact of plant communities. Herb has the least impact on 
environmental assessment indicators, shrubs are in the middle, and trees are the greatest. Obviously can 
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we see that our model has high computational efficiency and precision. As the initial value of biomass of 
different plant communities fluctuates, the failure probability will gradually approach a stable value. 

3.3 System Changes under Various Drought Conditions 

We expect to explore the range of drought cycles. In our model, we calculate the degree of drought 
through precipitation and plant water demand in module III. In order to describe the extent of drought, 
we use precipitation area 𝑺𝑺𝒑𝒑 to model wider variation of the occurrence of droughts in future weather 
cycles. The smaller the precipitation area, the larger the range of drought. Then we changed the 
precipitation area and got the following figure 4. 

 
Figure 4: Relationship between population and tree 

In this figure 4, we draw a conclusion that with the reduction of precipitation area, the number of 
plant species decreases. 

4. Conclusions 

If the number of plant populations keeps increasing or unchanged for a long time, we can think that 
plant communities have good long-term viability. But this does not mean that the environmental 
assessment indicators must be better. What we need is a more stable environment, neither species scarcity 
nor species flooding. So we give the following measures. 

1) Plant a variety of plants suitable for the environment in the plant community, so that there are more 
types of plants in the community; 

2) Keep the number of plants in the community moderate through artificial cutting and other methods; 

3) Increase the growth rate of plants and reduce the degree of drought through large-scale artificial 
rainfall in case of insufficient precipitation; 

4) Fully treat pollutants and minimize environmental pollution; 

5) Reduce the area of human activities and expand the habitat area of plant communities. 

Finally, we hope that our models and measures can contribute to drought control and environmental 
protection. The earth is our common home, and plants are an indispensable and important part of the 
natural family. 
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