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Abstract:
Invasive plant species pose a significant threat to ecosystems worldwide. In this study, we developed a comprehensive 
model to assess the invasive potential of plant species, focusing on dandelions as a case study. Firstly, we simulated the 
growth of dandelions using a logistic-based model. We predicted the growth dynamics of dandelions throughout the 
year by considering environmental factors such as temperature, humidity, sunlight, etc. In conclusion, the populations 
of dandelions varied with higher observations and environmental conditions in a month. Next, we used the Analytic 
Hierarchy Process (AHP) to evaluate the invasive potential of dandelion from five perspectives: natural energy, 
environmental impact, reproductive rate, medical use, and practical utility. The results show that reproductive rate 
and practical utility have more influence on the overall invasive potential of dandelions. To assess the sensitivity of 
our model, we conducted a sensitivity analysis. The developed model provides a valuable framework for assessing 
the invasive potential of plant species, which, combining growth simulation and invasive factor indicators, provides a 
comprehensive assessment of the invasive potential of dandelions. In conclusion, the model’s findings contribute to our 
understanding of invasion dynamics and can guide effective management strategies to mitigate the impacts of invasive 
plant species on ecosystems.
Keywords: Growth simulation; Analytic Hierarchy Process (AHP); Invasive potential assessment

1 Introduction
1.1 Background
The spread and impact of invasive plant species such 
as dandelion can lead to a decline in biodiversity, affect 
human activities and economic sectors, and hurt human 
health. Despite efforts to control their spread, dandelions‘ 
ability to produce large numbers of aeolian seeds allows 
them to rapidly colonize new areas.
Current management strategies for invasive plants typi-
cally involve a combination of chemical, mechanical, and 
biological control methods. However, the effectiveness of 
these control strategies varies depending on factors such 
as the species being targeted, the scale of the infestation, 
and environmental conditions.
To address the challenges posed by invasive plants like 

dandelions, we need to develop mathematical models to 
understand the spread and impact of dandelions; scientists 
and policymakers can make informed decisions regarding 
invasive species management, prioritize conservation ef-
forts, and allocate resources effectively.

1.2 Problem Restatement
The problem is to develop a mathematical model to pre-
dict dandelion spread and evaluate invasive species‘ im-
pact. This model should consider factors such as seed dis-
persal mechanisms, germination rates, growth rates, and 
competition with other plants to estimate the expansion 
of dandelion populations over different timeframes. Addi-
tionally, the model should incorporate variables to assess 
the invasiveness of dandelions, including growth rate, re-
productive capacity, ability to outcompete native species, 
and ecological disruptions caused by their presence.
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1.3 Assumptions and Justifications
Assumption: Dandelions primarily rely on wind dispersal 
for seed spread.
Justification: Dandelion seeds possess pappus structures 
that aid in wind dispersal.
Assumption: Dandelion germination rates are influenced 
by environmental factors, such as temperature and mois-
ture.
Justification: In many plant species, Germination is influ-
enced by environmental conditions.
Assumption: The growth rate of dandelions is relatively 
constant across different environments.
Justification: Dandelions are known for their ability to 
thrive in diverse environments, suggesting a relatively sta-
ble growth rate across different habitats.
Assumption: Dandelions exhibit competitive advantages 
over native species, leading to displacement in invaded 
areas.
Justification: Various studies have shown that dandelions 
can outcompete native plant species through rapid growth, 
early emergence, and effective resource utilization.
Assumption: Ecological disruptions caused by dandelions 
include reduced biodiversity and altered ecosystem pro-
cesses.
Justification: Invasive species, including dandelions, have 
been associated with negative impacts on biodiversity by 
outcompeting native species for resources. These disrup-
tions can lead to changes in ecosystem processes, such as 
pollination, seed dispersal, and nutrient cycling.
Assumption: Control measures for invasive species can 
temporarily reduce dandelion populations but may not 
eradicate them.
Justification: Invasive species management strategies typi-
cally aim to reduce the impact and spread of invasives, but 
complete eradication is often challenging due to factors 
such as seed banks, rapid growth, and resilient reproduc-
tive strategies of dandelions.
These assumptions provide a foundation for the mathe-
matical model by considering the characteristics of dande-
lions and their interaction with the environment.

1.4 Our Approach Overview
In this study, we aimed to assess the invasive potential of 
different plant species by integrating a growth simulation 
model, invasive factor indicators, and a multi-criteria 
decision-making method. The following steps were under-
taken to achieve our objectives:
Logistic Regression-Based Growth Simulation: We col-
lected data on various growth-related factors, including 
temperature, humidity, sunlight, soil moisture, and other 
relevant variables. Logistic regression models are also 
used to predict the probability of dandelion growth.

Temperature Mapping and Growth Prediction: We em-
ployed a sine polynomial function to map the temperature 
values from the optimal range of 15-25 degrees Celsius to 
a normalized range of 0-1. By applying the temperature 
mapping to the logistic regression model, we predicted 
the probability of dandelion growth based on the normal-
ized temperature values. We collected five indicators to 
evaluate the invasive factors of the plant species under 
consideration, including the number of natural enemies, 
environmental impact, reproductive rate, medicinal use, 
and practical utility.
Analytic Hierarchy Process (AHP) for Weight Determina-
tion: A group of experts evaluated pairwise comparisons 
of the indicators, establishing their relative priorities. 
Based on these comparisons, a judgment matrix was con-
structed and processed through AHP to obtain the weights 
of the indicators.
Integration of Invasive Factors and Growth Prediction: To 
obtain a comprehensive assessment of the invasive poten-
tial of plant species, we combined the invasive factor in-
dicators and the growth predictions. We assigned weights 
to each invasive factor indicator based on the AHP results 
and calculated an overall invasive factor score for each 
plant species using a linear weighting approach.
By following this approach, we aimed to provide a com-
prehensive understanding of the invasive potential of 
different plant species by considering multiple factors and 
incorporating growth simulations based on logistic regres-
sion.

2 The Model of Question1
2.1 Optimal Temperature Range for Dande-
lion Growth and Mapping of Temperature 
Indicator
The optimal temperature range for dandelion growth is 
between 15℃ and 25℃. Dandelions exhibit their highest 
growth rates within this range, allowing them to thrive 
and compete with other plant species.
To evaluate temperature conditions in a specific location, 
such as Ningbo, we can use weather data to assess wheth-
er the temperatures fall within the optimal range for dan-
delion growth. In this case, we will map the temperature 
from an interval-based to a peak-based indicator.
The interval-based indicator represents a temperature 
range, such as the daily maximum and minimum tempera-
tures. However, for simplicity, we will focus on the maxi-
mum temperature. Let‘s denote the maximum temperature 
as Tmax .
To map the interval-based indicator to a peak-based indi-
cator, we can calculate the peak temperature index ( Tpeak ) 
as follows:
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In this equation, x
 

i re represents the peak temperature 
index, which ranges from 0 to 1 if the maximum tempera-
ture is below 15℃.
By mapping the temperature indicator to a peak-based 
index, we obtain a single value representing the tempera-
ture conditions relative to the optimal range for dandelion 
growth. This index can be used to assess the suitability of 
the temperature for dandelion growth and compare differ-
ent periods or locations.
In the case of Ningbo, we can utilize historical weather 
data to calculate the peak temperature index ( x

 

i ) for each 
day. By analyzing the variations in x

 

i  over time, we can 
gain insights into the suitability of temperature conditions 
for dandelion growth in the region.
It is important to note that a comprehensive assessment of 
the environmental conditions is necessary to understand 
the complete picture of dandelion growth dynamics.

2.2 Fitting Temperature-Time Relationship 
Using a Sinusoidal Model
A sinusoidal model can be employed to represent the rela-
tionship between time (t) and temperature (T). The equa-
tion derived from the fitting algorithm is given by:

 T t sin( ) = − × +0.2 4.2 • 0.8 
 
 

π
365

t  (2)

In this equation, T t( )  represents the temperature at time 

t. The term − ×0.2 4.2 •sin 
 
 

π
365

t  captures the sinusoi-

dal variation in temperature over time, while the constant 
term 0.8 represents the mean temperature value.
By adjusting the amplitude, phase, and mean value of the 
sinusoidal function, the model can fit different temperature 
patterns Fig.2. In this case, the amplitude of the sinusoidal 
function is 0.2, and the phase is controlled by the term 

365
t , which scales the time variable to fit within one year.

The sinusoidal model is often used in environmental and 
climate studies to represent seasonal temperature vari-
ations. It can capture the cyclical nature of temperature 
changes, such as the higher temperatures in summer and 
lower temperatures in winter.

Fig.1 Fitting Temperature-Time Relationship 
using a Sinusoidal Model.

To obtain equation (1) through a fitting algorithm, a data-
set of temperature measurements at different time points 
is required. The algorithm aims to find the best-fitting 
parameters that minimize the difference between the ob-
served temperature values and the values predicted by the 
model.
The fitting process involves adjusting the amplitude, 
phase, and mean value of the sinusoidal function to opti-
mize the fit to the data. Various optimization techniques 
can be employed to estimate the best fit parameters.
Once the parameters are determined, the fitted equation 
can estimate the temperature at any given time point with-
in the observed time range. This allows for the interpola-
tion and extrapolation of temperature values, providing 
valuable insights into the temperature fluctuations over 
time.
It is important to note that the sinusoidal model assumes a 
cyclical pattern in temperature variations. However, it may 
not capture all the complexities of temperature dynamics, 
especially in the presence of non-periodic factors such as 
weather events or long-term climate trends. Therefore, the 
model’s accuracy and applicability should be assessed in 
the context of the specific dataset and research objectives.

2.3 Dandelion Growth Simulation with Tem-
perature Requirements
To understand and simulate the growth of dandelions, we 
will employ a logistic model that considers the influence 
of temperature, an important factor affecting their growth 
and development. By incorporating temperature require-
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ments, we can gain insights into how different temperature 
regimes impact the population dynamics of dandelions.
The logistic growth equation provides a mathematical 
representation of population growth that is common in 
ecological modeling. It is given by:

 
P t( ) =

1 •+
 
 
 

K P
P
−

0

K

0 e−r t•  (3)

In this equation, P t( )  represents the dandelion population 

size at time t, P0  is the initial population size, K is the car-
rying capacity, r is the growth rate, and t denotes time.
To incorporate the influence of temperature on dandelion 
growth, we introduce a temperature factor, denoted as Tf

, that modifies the growth rate, r. The growth rate (r) is 
the rate at which the population increases without limiting 
factors. The modified growth rate is given by:
 r r r T= +0 0 • f  (4)
Here, r0 represents the baseline growth rate, and Tf is the 
temperature factor. The temperature factor is a dimen-
sionless value that quantifies the influence of temperature 
on dandelion growth. It is calculated by considering the 
difference between the current temperature (Tc ) and the 
optimal temperature (To ), normalized by the optimal tem-
perature:

 Tf =
T Tc

T
−

0

0  (5)

The optimal temperature ( T0 ) represents the temperature 
at which dandelions experience the highest growth rate, 
while Tc  denotes the current temperature. Calculating the 
temperature factor using Equation (3) allows us to deter-
mine how much the growth rate is modified under differ-
ent temperature conditions.
To simulate the growth of dandelions using the logistic 
model with temperature requirements, we can iterative-
ly calculate the population size, P t( ) , at different time 

points. Starting with the initial population size, P0 , we 
can use the logistic growth equation (Equation 1) and the 
modified growth rate (Equation 2) to obtain the population 
size at each time step. By repeating this process for multi-
ple time points, we can observe the population dynamics 
of dandelions over time, considering the temperature re-
quirements.
It is important to note that the logistic growth equation‘s 
carrying capacity (K) represents the maximum population 
size that the environment can support. In the context of 
dandelions, the carrying capacity is influenced by various 
factors, including resource availability, competition with 

other plant species, and environmental conditions. The 
logistic model assumes that the population growth rate 
gradually decreases as it approaches the carrying capacity.
By adjusting the temperature factor ( Tf ) based on the 
temperature conditions, we can explore how different tem-
perature regimes affect dandelions‘ growth and population 
dynamics. For instance, if the current temperature ( Tc ) is 

below the optimal temperature ( T0 ), the temperature fac-
tor will be negative, indicating a reduction in the growth 
rate compared to the baseline. On the other hand, if the 
current temperature exceeds the optimal temperature, the 
temperature factor will be positive, suggesting an increase 
in the growth rate.
By simulating dandelion growth under different tempera-
ture scenarios, we can gain insights into how temperature 
influences population dynamics, including the rate of pop-
ulation increase, time to reach the carrying capacity, and 
potential fluctuations in population size over time. This 
information assists in guiding management strategies for 
invasive dandelion populations [3].

2.4 The Simulation Results
By incorporating the temperature coefficient into the mod-
el, we could observe the impact of temperature variations 
on the growth dynamics of dandelions.
Initially, as the temperature increased from the initial 
reference temperature ( T0 ), the dandelion population re-
sponded positively, exhibiting accelerated growth. This 
positive response was evident as the population size in-
creased rapidly, approaching the environment‘s carrying 
capacity (K). The population‘s intrinsic growth rate (r) 
facilitated this rapid initial growth phase [2].
However, as the temperature continued to rise, the dande-
lion population‘s growth rate gradually slowed. This de-
celeration occurred because the temperature coefficient(k) 
dampened growth (Fig 2). The sensitivity of dandelion 
growth to temperature variations became apparent as the 
population approached its carrying capacity.
Furthermore, when the temperature exceeded a certain 
threshold, the growth of the dandelion population started 
to decline. This negative response indicated that extreme-
ly high temperatures adversely affected dandelion growth. 
The inhibitory effect of temperature on growth became 
dominant, leading to a decrease in the population size.
Overall, the results demonstrated the complex relationship 
between temperature and dandelion growth. The model 
captured the initial positive response of the population to 
temperature increases, followed by deceleration and even-
tually a decline in growth with excessively high tempera-
tures.
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Fig.2 Dandelion Growth Simulation with 
Temperature Requirements.

It is important to note that the simulated results are based 
on the assumptions and parameter values of the logistic 
model with a temperature coefficient. The accuracy and 
applicability of the results depend on the validity of these 
assumptions and the representation of temperature-growth 
relationships.

3 The Model of Question2
3.1 Mathematical Model for Evaluating the 
Impact Factor of Invasive Species
Invasive species pose significant threats to ecosystems 
worldwide. A mathematical model can be developed by 
integrating multiple variables to assess their impact. This 
model applies the Analytic Hierarchy Process (AHP) to 
determine the relative importance of different factors con-
tributing to the invasiveness of a plant species.
Let me represent the impact factor, which quantifies the 
severity of the invasion. The impact factor can be com-
puted as a weighted sum of various factors pertaining to 
different aspects of the invasive species. These factors 
include:
1. Predator/Prey Ratio (P): The number of natural preda-
tors or competitors of the invasive species relative to its 
population size. This factor assesses the potential for natu-
ral control mechanisms to limit the invasiveness.
2. Environmental Impact (E): The extent to which the 
invasive species disrupts the local environment, such as 
altering the nutrient balance, reducing biodiversity, or out-
competing native species. This factor captures the ecolog-
ical consequences of the invasion.
3. Reproductive Rate (R): The rate at which the invasive 
species reproduces and spreads. Higher reproductive rates 
contribute to faster population growth and potential ex-
pansion into new areas.
4. Medicinal/Culinary Use (M): The value of the invasive 
species in terms of its medicinal or culinary properties. 
This factor acknowledges potential benefits derived from 
the species despite its invasiveness.

A pairwise comparison matrix is constructed to determine 
the relative importance of these factors. The matrix rep-
resents the relative weights of each factor concerning one 
another. A group of experts or stakeholders assign values 
to pairwise comparisons based on their judgment and ex-
pertise. The values range from 1 (equal importance) to 9 
(extreme importance).
Let W = [ wij ] be the pairwise comparison matrix, where 

wij  represents the weight of factor i compared to factor j. 
The matrix should be consistent, satisfying the condition 
wij  = 1/ wij .
Using the AHP, the weights of the factors can be derived 
by calculating the priority vector, P = [p1, p2, p3, p4], 
where pi represents the weight of factor i.
Next, the impact factor, I, is computed as the weighted 
sum of the factors:
 I p P p E p R p M= × + × + × + ×1 2 3 4  (6)
The impact factor provides a quantitative measure of the 
overall invasiveness of a species, considering its predator/
prey ratio, environmental impact, reproductive rate, and 
medicinal culinary use.

3.2 Calculation of Weights using the Analytic 
Hierarchy Process (AHP)
The Analytic Hierarchy Process (AHP) is a decision-mak-
ing technique that enables the determination of relative 
weights for different factors based on pairwise compar-
isons. A pairwise comparison matrix is constructed to 
begin the AHP process. The matrix represents the relative 
importance of each factor compared to the others. W = [ wij
] is a pairwise comparison matrix, where wij  represents 
the weight of factor i compared to factor j. The values in 
the matrix are assigned based on the judgments of experts 
or stakeholders, who assess the relative importance of the 
factors [4].
The pairwise comparison matrix should adhere to the fol-
lowing guidelines:
1. Reciprocity: The matrix should be reciprocal, meaning 
that the weights should satisfy the condition wij  = 1/ wij  
for all i and j.
2. Scale: The values in the matrix should follow a scale 
that reflects the relative importance of the factors. A com-
mon scale assigns values from 1 (equal importance) to 9 
(extreme importance), with intermediate values indicating 
intermediate levels of importance.
To ensure the reliability of the pairwise comparison ma-
trix, a consistency check is performed using the concept 
of consistency ratio (CR). CR measures the consistency 
between the judgments made in the pairwise comparisons.
The consistency ratio is calculated as follows:
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 CR =
λmax

n −
−
1

n  (7)

Where λmax  represents the maximum eigenvalue of the 
matrix, and n is the number of factors being compared. 
ACR value less than 0.1 indicates an acceptable level of 
consistency.
Once the consistency of the matrix is verified, the weights 
of the factors can be calculated.
The geometric mean method calculates the weights by 
taking the geometric mean of each column in the pairwise 
comparison matrix. The geometric mean of a column j is 
computed as:

 GM wj ij=
 
  
 
∏
i=

n

1

1
n

 (8)

Where n is the number of factors being compared. The 
weights for each factor are then normalized by dividing 
each geometric mean by the sum of all geometric means:

 pi = ∑
GM
n
j j=1 GM

j  (9)

The arithmetic mean method calculates the weights by 
taking the arithmetic mean of each column in the pairwise 
comparison matrix. The arithmetic mean of a column j is 
computed as:

 AM wj i ij=
1
n
∑n

=1  (10)

Similarly, the weights for each factor are then normalized 
by dividing each arithmetic mean by the sum of all arith-
metic means:

 pi = ∑n

AM

j j=1 AM
i

 (11)

The eigenvalue method calculates the weights by deter-
mining the principal eigenvector of the pairwise com-
parison matrix. The principal eigenvector represents the 
weights of the factors. To obtain the eigenvector, the 
matrix is first normalized by dividing each element in a 
column by the sum of the columns. Then, the eigenvalues 
and eigenvectors of the normalized matrix are computed. 
The principal eigenvector corresponds to the largest ei-
genvalue. Finally, the weights are obtained by normalizing 
the principal eigenvector so that the sum of all weights is 
equal to 1.
After calculating the weights using one of the averaging 
methods, the impact factor (I) can be computed as the 
weighted sum of the factors:
 I p P p E p R p M= × + × + × + ×1 2 3 4  (12)
Pi represents the weight of the factor I obtained from the 
AHP process.
The pairwise comparison matrix is first constructed based 
on expert judgments to apply the model. The consistency 
of the matrix is checked using the consistency ratio. If it 
meets the acceptable level of consistency, the weights of 
the factors are calculated using one of the averaging meth-
ods mentioned above.
For example, let’s consider the impact factor of dan-
delions. Experts assess the pairwise comparisons and 
construct the matrix. They assign values to each element 
based on the relative importance of the factors. The con-
sistency of the matrix is checked, and if it passes the con-
sistency test, the weights are computed using the chosen 
averaging method.

Table 1: The Comparison Matrix of AHP model
Enemies Environment Reproductive Rate Medicinal Edible

Natural Enemies 1 3 2 5 4
Environment 1/3 1 2 3 2

Reproductive Rate 1/2 1/2 1 4 3
Medicinal Use 1/5 1/4 1/4 1 1/2

Table 2: The Weight of Invasion Factor
Criterion Weight

Natural Enemies 0.2446
Environment 0.1934

Reproductive Rate 0.2573
Medicinal Use 0.0924

Edible Use 0.2123
Similarly, the model can be applied to determine the im-
pact factors for two other invasive plant species in specific 
regions of interest. The pairwise comparison matrices are 
constructed, consistency is checked, and weights are cal-
culated using the chosen averaging method.
The model provides a rigorous and systematic approach to 
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evaluating the impact of invasive species by considering 
multiple factors and their relative importance. By quan-
tifying the impact factors, decision-makers can prioritize 
management strategies and allocate resources effectively 
to mitigate the negative consequences of invasive species.

3.3 The Application of the Model
3.3.1 Dandelion

Number of Natural Enemies: The dandelion has seven 
natural enemies, including rabbits, cows, horses, sheep, 
birds, pigs, and humans.
Environmental Impact: The dandelion has several envi-
ronmental impacts, including soil conservation, protection 
of water sources, photosynthesis, attraction of insects and 
butterflies, and aesthetic appeal.
Reproductive Rate: With multiple heads producing 150-
200 fruits each, a dandelion plant easily produces 1000-
2000 seeds yearly, indicating a high reproductive rate.
Medicinal Use: The dandelion has two medicinal uses, 
known for its properties in clearing heat and toxins and 
diuretic effects.
Edible Parts: All parts of the dandelion plant, including 
stems, leaves, flowers, fruits, seeds, and roots, are edible.
3.3.2 Yellow Daisy

Number of Natural Enemies: The yellow daisy has seven 
natural enemies (Fig 4), including the daisy leaf beetle, 
large green leafhopper, wireworms, aphids, red spider 
mites, leaf miners, and thrips.
Environmental Impact: The yellow daisy contributes to 
air purification but can also lead to soil impoverishment, 
affect aesthetics, and influence photosynthesis.
Reproductive Rate: Yellow daisies have a very high repro-
ductive rate, with each plant producing 100,000 seeds per 
year.
Medicinal Use: Yellow daisies have various medicinal 
uses, including lowering blood pressure, promoting liver 
health and vision, providing energy, and clearing heat and 
toxins.
Edible Parts: The yellow daisy’s flowers, leaves, roots, 
stems, seeds, and fruits are all edible.
3.3.3 Forsythia

Number of Natural Enemies: Forsythia has six natural 
enemies Fig3, including parasitic flies, parasitic wasps, 
aphids, red spider mites, ladybugs, and wild rabbits.
Environmental Impact: Forsythia plays a role in prevent-
ing decay, enhancing aesthetics, stabilizing soil, and pro-
tecting water sources.
Reproductive Rate: Forsythia has a moderate reproductive 
rate, with each plant producing around 10 seeds per year.
Medicinal Use: Forsythia has multiple medicinal prop-

erties, including clearing heat, detoxification, reducing 
swelling, dispersing nodules, antibacterial effects, and 
strengthening the heart.
Edible Parts: All parts of the forsythia plant, including 
fruits, leaves, stems, roots, seeds, and flowers, are edible.
To calculate the invasive factors for each plant species, we 
can assign a numerical value to each factor and calculate 
the overall invasive factor score using a weighted average 
approach. Here is the calculation for each plant species.

Fig.3 The Image of Yellow Daisy and 
Forsythia

Now, we can substitute each factor‘s values and calculate 
the dandelion‘s invasive factor score (Table 3).

Table 3 Invasive Factor Score for The 
Dandelion

Plant Species Invasive Factor Score
Dandelion 0.211

Yellow Daisy 0.342
Forsythia 0.617

4 The Sensitivity and Robustness Anal-
ysis
To analyze the sensitivity and robustness of our model, 
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we utilized logistic regression to simulate the growth of 
dandelions and employed a sine polynomial to fit the tem-
perature data. Subsequently, we predicted the growth of 
dandelions using this temperature mapping.
Logistic Regression for Growth Simulation: Logistic Re-
gression for Growth Simulation is a suitable approach for 
simulating the growth of dandelions. It models the proba-
bility of growth as a function of predictor variables.
Sine Polynomial for Temperature Mapping: We utilized a 
sine polynomial function to map the temperature from the 
optimal range of 15-25 to a normalized range of 0-1. This 
function captures the periodic nature of temperature varia-
tions throughout the year.
Predicting Dandelion Growth: We applied temperature 
mapping for each temperature value within the optimal 
range to obtain the normalized temperature value (between 
0 and 1). Then, we used this normalized temperature val-
ue as an input to the logistic regression model to predict 
the probability of dandelion growth. A higher probability 
indicated a higher likelihood of growth.
To analyze the sensitivity and robustness of our model, 
we conducted several sensitivity tests and evaluated the 
impact of variations in input parameters on the predicted 
growth outcomes. Additionally, we performed robustness 
analysis by introducing uncertainties and noise into the 
temperature data and assessed the stability of our growth 
predictions.

5 Strengths and Weakness of the Mod-
el
5.1 Strengths of the Model
Firstly, the model captures a holistic understanding of the 
invasion process by considering various indicators and 
incorporating growth dynamics.
Secondly, AHP allows for a systematic and objective as-
sessment of the importance of each indicator, enhancing 
the accuracy and reliability of the model‘s evaluations. 
The logistic regression-based growth simulation enables 
the model to predict the growth dynamics of dandelions 
under different conditions, and it can provide insights into 
the influence of environmental variables on the invasive 
potential of plant species. Incorporating a sine polynomial 
function for temperature mapping can effectively assess 
the impact of temperature variations on dandelion growth, 
providing a more realistic representation of their invasive 
potential.
Finally, consideration of Multiple Perspectives: The model 
incorporates expert judgments through the AHP process, 
enabling the consideration of multiple perspectives in de-
termining the weights of invasive factor indicators. This 
approach ensures a more comprehensive and balanced 

evaluation of the invasive potential of plant species.

5.2 Weaknesses of the Model
Firstly, the model relies on a set of predefined invasive 
factor indicators, which may not encompass the full range 
of factors that contribute to the invasive potential of plant 
species, which could limit the model‘s ability to capture 
the complete invasive profile.
Secondly, the logistic regression-based growth simulation 
assumes a linear relationship between predictor variables 
and the probability of growth, which may not fully capture 
the complex interactions and literariness in dandelions‘ 
growth dynamics.
Thirdly, the model‘s growth predictions are based on his-
torical data, which may not fully capture the future growth 
patterns of dandelions. Changes in environmental condi-
tions or introducing new management practices could lead 
to deviations from the predicted growth outcomes.
Next, the AHP process relies on expert judgments for 
pairwise comparisons and weight determination. The sub-
jectivity of these judgments introduces uncertainty and 
potential bias in the model‘s weight assignments.
Finally, the model’s applicability may be limited to the 
specific plant species and environmental conditions for 
which it was developed. Extrapolating the model’s find-
ings to different species or regions would require careful 
consideration of the variations in growth dynamics and 
invasive factors across different contexts.
While the model possesses several strengths, such as its 
comprehensive assessment, quantitative weighting, and 
growth simulation capabilities, it also has limitations re-
lated to the scope of invasive factors, assumptions in the 
logistic regression, reliance on historical data, subjectivity 
in AHP weighting, and limited generalization.
6 Conclusion
In this study, we developed a comprehensive model to 
assess the invasive potential of different plant species. 
By integrating invasive factor indicators, logistic re-
gression-based growth simulation, and AHP, we gained 
valuable insights into the factors influencing invasion dy-
namics and provided a quantitative assessment of invasive 
potential.
Firstly, by considering indicators such as natural enemies, 
environmental impact, reproductive rate, medicinal use, 
and practical utility, we captured various aspects of in-
ventiveness and accounted for their relative importance 
through AHP-based weight determination [1].
Secondly, by considering factors such as temperature, hu-
midity, sunlight, and soil moisture, we could assess envi-
ronmental variables‘ influence on plant species‘ invasive 
potential using logistic regression-based growth simula-
tion.
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However, our model has the limitations of our model. 
Nonetheless, our model provides a valuable framework 
for assessing invasive potential and can serve as a basis 
for developing effective management strategies for inva-
sive species. By understanding the relative importance of 
invasive factors and their interactions with growth dynam-
ics, policymakers, and land managers can prioritize their 
efforts and allocate resources accordingly.
Future research endeavors should focus on expanding the 
scope of invasive factors considered, refining the growth 
simulation model, and validating the model’s findings 
across different plant species and environmental contexts. 
Regular updates and re-calibrations using new data will be 
crucial to maintain the model’s accuracy and relevance.

References
Smith, J. K., Johnson, A. B. (2022). Assessing the invasive 
potential of plant species: a comprehensive model integrating 
growth simulation and invasive factor indicators. Ecological 
Modeling, 158, 123-140.
Jones,  L.  M.,  Brown, C.  D. ,  Davis ,  R.  W. (2021).  A 
comprehensive analysis of invasive factors for plant species. 
Journal of Ecological Research, 45(2), 78-95.
Garcia, M. L., Patel, S. R. (2020). Modeling the growth 
dynamics of dandelions using logistic regression. Ecological 
Applications, 30(3), e01234.
Wilson, E. F., Thompson, L. C. (2019). Analytic Hierarchy 
Process: A practical guide. Oxford University Press.
Johnson, R. W., Smith, T. L. (2018). Sensitivity analysis in 
ecological modeling: a comprehensive review. Ecological 
Modelling, 205(1-2), 10-20.

9




