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Abstract

The Vespa mandarinia disaster has been a problem all over the world. In the
prevention and control of Vespa mandarinia, the efficiency is often low and a
lot of social resources are wasted because of the inability to effectively predict
the spread of Vespa mandarinia. Therefore, this paper proposes a propaga-
tion model based on independent cascade. Based on the traditional propaga-
tion model, the habit factor and propagation index are added, which makes
the habit and reproduction of wasps fully considered. Vespa mandarinia tend
to migrate to the water edge, and the nodes closer to the water edge in the pro-
pagation model are more likely to be activated. The longer the Vespa manda-
rinia nests exist, the higher the probability of having more Vespa mandarinia,
and the longer the nodes exist in the propagation model, the stronger the
propagation ability. The model is validated by the real Vespa mandarinia dis-
aster data in the United States in 2019, which proves that the propagation
model considering Vespa mandarinia habits and reproduction will have bet-
ter performance.
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1. Introduction

Vespa mandarinia is the largest species of hornet in the world, and the occur-
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rence of the nest was alarming. Additionally, the giant hornet is a predator of
European honeybees, invading and destroying their nests. A small number of the
hornets are capable of destroying a whole colony of European honeybees in a
short time. At the same time, they are voracious predators of other insects that
are considered agricultural pests [1]. When Vespa mandarinia was first discov-
ered in Washington State, the United States, it had a serious impact on the local
agriculture. When Vespa mandarinia were first found in Washington State, they
had a serious impact on local agriculture [2]. So, it is very important to predict
the reproduction and spread of Vespa mandarinia accurately for the prevention
and control work, which is also the problem to be solved in this paper. Due to
the small amount of data in such tasks, it is difficult for large-scale spatiotem-
poral prediction models such as graph neural network model [3] [4] to converge.
Therefore, we introduce a traditional propagation model which only needs a small
amount of data to calculation the parameters. The habits and nests of Vespa

mandarinia were also considered.

2. Model

Classical propagation models include linear threshold model [5] and indepen-
dent cascade model [6]. The linear threshold model considers that when an ac-
tivated node cannot activate a neighbor node, its impact on the neighbor node is
cumulative rather than discarded, and this contribution continues until the node
is activated or the propagation process ends. The independent cascade model
considers that an active node attempts to activate a neighbor node through a
system variable: the probability of success, if it fails, the impact will be discarded
[7]. However, it is a probability problem that Vespa mandarinia propagate from
one location to another in this task, and there is no need for cumulative impact.
Therefore, we use independent cascade propagation model to predict propaga-
tion.

Place 1000 randomly distributed nodes within 11,000 square kilometers of the
Vespa mandarinia infestation area as checkpoints, and place these nodes in the
node graph along with the nodes that have been identified as having Vespa man-
darinia. When the distance between two nodes is less than the set threshold, an
edge is established between the random node and the random node, the con-
firmed node and the random node. The weight on the edge is obtained by the
weight formula between nodes.

In predicting Vespa mandarinia propagation, we use a directed graph to record
the nodes that have been propagated and their propagation directions. When in-
itializing that digraph, we put all the nodes that have been confirmed to appear
Vespa mandarinia into a digraph. Searched for nodes that appeared in Vespa
mandarinia on a directed graph, and conducted propagation operations for each
of their neighboring nodes that did not appear in Vespa mandarinia.

A node that has been propagated at ¢ has only a single opportunity to propa-
gate its neighbors at t+1.
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Assuming that node Vis activated at ¢ for any neighbor wof V; the probabil-
ity that wis activated at t+1 is P, .

The propagation diagram is shown below (Figure 1):

In the design of P,, probabilities, We first need to consider the effect of dis-

m
tance on Vespa mandarinia migration [8]. The difficulty of migration of Vespa
mandarinia continues to rise as the distance increases. This in turn leads to
propagation that tends to be accomplished first at more distant nodes. (Xl, yl)
(X,,y,) are latitude and longitude of two nodes, respectively. This was meas-

ured with the formula we formulated below:

L = 2Rarcsin (\/sin2 (%}rcos X, COS X, sin’ (—yl ; Yo n

. L —L
distScore = ”Ex—

max

We need not only to consider the distScore obtained by the distance L be-
tween two nodes, but also the life habit of the Vespa mandarinia [9] [10]. Design
considerations incorporating this knowledge into P, , probabilities are highly
advantageous for diffusion predictions. Through an in-depth exploration of the
habit of Vespa mandarinia, it was found to prefer activities at the water side.
This would be to bias Vespa mandarinia away from the water side more toward
migrating toward the water side. Therefore, we introduce the straight-line dis-
tance of the nodes from the water edge. Bias is a constant. The weight formula
for this term is shown below:

S, + Bias

habitScore =

We believe that the areas where Vespa mandarinia have been identified earlier
will have more Vespa mandarinia than the areas where Vespa mandarinia have
been identified later due to the continuous reproduction of Vespa mandarinia
[11] [12]. And the advantage of quantity makes the areas that have been con-
firmed earlier have stronger communication ability. Therefore, we set the prop-
agation index Eff for each node that has been propagated, and increase the pro-

pagation index of these nodes at the end of each round. The P,, formula is shown

P = min(( S, +BIaS L L gt jl]

below:

S,+Bias L.,

Propagation prediction for each round was performed as above, with nodes

E probability
V i V w

t t+1

Figure 1. Probability of node v propagating to node w.
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that were successfully propagated each round placed into a directed graph. In
the next round, these nodes that were propagated successfully also performed a

propagation operation on neighboring nodes to which they were not propagated.

3. Experiments

Our data set comes from the real Vespa mandarinia disaster in the United States
in 2020 [2]. In order to verify the correctness of the propagation model, we di-
vided fourteen confirmed Vespa mandarinia locations according to the time se-
quence. The first seven positions of Vespa mandarinia were used to predict the
position of Vespa mandarinia, and the last seven positions were used to verify
the prediction results. The quality of prediction results is measured by distance.
The time difference between the seventh node and the fourteenth node in the
dataset is about 150 days, while our model represents 50 days in a round of prop-
agation. Therefore, we take the result of three rounds of model propagation as
the prediction result. After three rounds, eight nodes are propagated, and we
compare the first seven with the verification set. The measurement results are
shown in the table below:

It can be seen from the Table 1 that the model has a good performance in
predicting the first few Vespa mandarinia occurrence sites. The first prediction
is only 0.903 miles away from the real data, and the average distance between the
first three predictions and the real data is 3.567 miles. This is because at the be-
ginning, the data obtained by the model are real and reliable. However, with the
increase of the number of propagation rounds, the proportion of the data gener-
ated by the model in all data increases. This leads to large data error, and con-
stantly in the accumulation. This brings the average distance between the seven
predictions and the real data to 6.657 miles.

We do sensitivity analysis on the threshold of node connection distance. By
changing the threshold value, we can see whether the model is stable. The com-
parison is shown below:

As can be seen from Figure 2, after changing the threshold, the prediction
results of the model are similar to those before changing the threshold, but the
effect decreases slightly. Therefore, it can be considered that our model is

Table 1. Comparison between predicted propagation point and real propagation point.

Label Prediction
No. Distance/mile
Latitude Longitude Latitude Longitude
1 48.993892 —122.702242 48.98 -122.7 0.903
2 48.927519 —122.745016 48.99 -122.7 4.775
3 48.984269 —122.574809 48.93 -122.65 5.069
4 48.979497 —122.581335 49.03 -122.8 10.507
5 48.983375 —122.582465 49.01 -122.8 10.032
6 48.984172 —122.57472 49.07 -122.62 6.286
7 48.98422 —122.574726 49.01 -122.77 9.029
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Figure 2. Sensitivity analysis of Vespa mandarinia propagation model for dis-
tance threshold parameters.

relatively stable. And the parameters we choose are almost optimal.

We also explore whether the communication index has a positive effect on the
model prediction. The blue curve in the figure below is the actual distance be-
tween the predicted result and the real result of the model considering the prop-
agation index, while the orange curve is the actual distance between the pre-
dicted result and the real result of the model not considering the propagation
index.

From Figure 3, we can see that the model considering the propagation index
performs better than the model not considering the propagation index for al-
most every predicted location. Therefore, the introduction of propagation index
is beneficial to the model.

In our independent cascade propagation model. After the deduction and pre-
diction of the model, the prediction results after 100 days and 200 days are ob-
tained respectively. The results are shown in the Figure 4.

As can be seen from the above result diagram, Vespa mandarinia spread and
migrated to the nearby areas to a certain extent. There are some clusters of Ves-
pa mandarinia in the picture. This is because if there are many Vespa mandari-
nia in the vicinity of an area, it will have more chances to be spread. Because the
life habits of Vespa mandarinia are used to guide the propagation model, we can
see that the Vespa mandarinia migrate slowly to the water.

As can be seen from the diagram above (Figure 5), the Vespa mandarinia
have made further migration to the nearby areas. We can see that due to the en-
hancement of aggregation effect, more nodes are propagated in this iteration
than in the last one. That is, compared with the previous round, more Vespa

mandarinia were found in this round. We can also see that the Vespa mandarinia
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Figure 3. Error influence of propagation index on prediction propagation point.
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Figure 4. Prediction of spatial and temporal distribution of Bumblebee after 100
days.

migrating to the water side continues to move to the water side, which makes its
migration path form a line in the picture.

We also draw the spread trend chart, we can see the trend of Vespa mandari-
nia spread more intuitively.

From the Figure 6, we can see how Vespa mandarinia propagate around step
by step, which can provide more targeted guidance for Vespa mandarinia con-

trol.

DOI: 10.4236/0alib.1107345

6 Open Access Library Journal


https://doi.org/10.4236/oalib.1107345

T. Zhou et al.

T T T T
o)
49°15'N |- : .
Strait of o]
8 o Georgia %
o
o) o
d80 ©
49°N | & .
6&3 2
R0
8 0
48°45'N - g
20 km
S | , Esri, HERE, NPS
124°W 123°30'W 123°'W 122°30'W

Figure 5. Prediction of spatial and temporal distribution of Bumblebee after 200 days.
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Figure 6. Diagram of Vespa mandarinia transmission after 200 days.

4. Conclusion

In this paper, we propose an independent cascade propagation model to predict
the propagation of Vespa mandarinia. It fully considered the habits and repro-
duction of Vespa mandarinia, and provided guidance for the prediction of propa-
gation model. The effectiveness of this guidance is verified by experiments. This
model can also be applied to the propagation of other pests to make the control

measures more effective.
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