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Abstract 

Consider a SIR model for the spread of dengue hemorrhagic fever involving three populations, mosquito eggs, mosquitoes, 
and humans. The parameters of the SIR model were estimated using rainfall data and air temperature for the cities of 
Pekanbaru and Solok. The main aim of this paper is to determine the effect of mosquito larvae and adult mosquito control on 
the spread of the dengue virus. Numerical solutions were also presented by using the Runge-Kutta method of order 4. Based 
on the results, the SIR model was obtained by involving the control parameters of mosquito larvae and adult mosquitoes. 
Besides, the mosquito population is affected by changes in temperature, rainfall, and fog. Numerical simulations illustrate 
that the number of infected mosquitoes and infected humans is influenced by the parameters of the percentage of mortality of 
mosquito larvae and adult mosquitoes. 
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1. INTRODUCTION 

Till recently, Dengue Hemorrhagic Fever (DHF) still ranks at the top for infectious diseases in Pekanbaru 
and Solok. Every week there are always DHF patients who are treated at the general practitioner (puskesmas) 
or hospital. The difficulty in reducing dengue cannot be separated from the many factors that are suspected 
to be the trigger. Climatic factors (rainfall, temperature, humidity), population density, and level of public 
awareness to maintain environmental sanitation are thought to be the main factors triggering DHF cases. 
Another factor is the intrinsic factor of the Aedes Aegypti mosquito itself which is classified as very resilient 
[1]. The influence of climate on the number of DHF cases can be seen in the number of sufferers during the 
rainy season compared to the dry season. In the rainy season but warm temperatures are ideal conditions for 
mosquitoes to have optimum oviposition, egg maturity is more perfect, the virus incubation period is shorter. 
The impact is that the number of mosquitoes is abundant and sufferers increase [2], [3].  

DHF is not transmitted directly from human to human. Therefore, handling dengue fever can be done by 
breaking the chain of virus carriers by reducing as much as possible the Aedes Aegypti mosquito. These 
efforts include eradicating mosquito nests program, chemically killing larvae, and using predators such as 
larvae eating fish and cyclops. Supriatna [4] recommends continuously exterminating larvae to reduce the 
number of mosquitoes. However, this effort is not easy considering that the Aedes Aegypti mosquito's 
survival rate is quite high. Mosquito eggs can last up to 2 years until they meet the water and then hatch. 
When conditions are dry, mosquitoes can survive between rocks or in the bush. Then, when the larvae grow 
in abundance, a female mosquito will lay up to 300-600 eggs. Besides, mosquitoes can move places following 
human mobility [1]. 

This paper examines the control factors given to the model. Thus, there are natural factors that trigger the 
number of DHF, namely climate (rainfall and temperature) and factors are controlling DHF. The result to be 
taken into account is how the effect of control on larvae and adult mosquitoes can reduce cases of dengue 
affected by climate. The results will be described as the number of individuals infected with DHF during 
climate change and control treatment. Several studies on DHF that can be referenced have been carried out 
by [5], [4]. The study of dengue fever which is related to temperature changes was carried out by [6], [7], [8], 
and [9]. The study of DHF associated with changes in rainfall was done by [10]. The study of DHF associated 
with changes in temperature and rainfall was done by [2], [3]. The consider of DFH related with control 
variables was carried out by [11], [12], [13], [14], [15]. All of these studies use mathematical models and take 
case studies in a particular place. 

 
 

2. RESEARCH METHOD 

The research method used in this research is a literature study related to DHF, especially mathematical 
models with the influence of climate and control of larvae and mosquitoes. Then by estimating the parameters 
from the DHF patient data and climate (temperature-rainfall) in Pekanbaru City and Solok City, the model 
will be stimulated to produce an overview of the spread of DHF in the two cities. 
 
2.1 Differential Equations System 

 A differential equation is an equation that involves the derivative of one or more dependent variables to 
one or more independent variables, while the system of differential equations consists of several differential 
equations. Given a system of differential equations as follow 
 

𝑥𝑥1̇ = 𝑓𝑓1(𝑥𝑥1,𝑥𝑥2, … , 𝑥𝑥𝑛𝑛), 
𝑥𝑥2̇ = 𝑓𝑓2(𝑥𝑥1,𝑥𝑥2, … , 𝑥𝑥𝑛𝑛), 

                     ⋮ 
𝑥𝑥�̇�𝑛 = 𝑓𝑓𝑛𝑛(𝑥𝑥1, 𝑥𝑥2, … ,𝑥𝑥𝑛𝑛), 

 

(1) 

with 𝐸𝐸 ⊂ 𝑅𝑅𝑛𝑛, and 𝒇𝒇:𝐸𝐸 → 𝑅𝑅𝑛𝑛 continuous function on 𝐸𝐸. 
System (1) can be written as 
 

�̇�𝑥 = 𝑓𝑓(𝑥𝑥). (2) 
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If 𝑓𝑓1, 𝑓𝑓2, … ,𝑓𝑓𝑛𝑛 linear function in 𝑥𝑥1,𝑥𝑥2, … , 𝑥𝑥𝑛𝑛 respectively, then system (2) is called a system of linear 
differential equations which can be written as 
 

𝑥𝑥1̇ = 𝑎𝑎11𝑥𝑥1 + 𝑎𝑎12𝑥𝑥2 + 𝑎𝑎13𝑥𝑥3 + ⋯+ 𝑎𝑎1𝑛𝑛𝑥𝑥𝑛𝑛, 
𝑥𝑥2̇ = 𝑎𝑎21𝑥𝑥1 + 𝑎𝑎22𝑥𝑥2 + 𝑎𝑎23𝑥𝑥3 + ⋯+ 𝑎𝑎2𝑛𝑛𝑥𝑥𝑛𝑛, 
                                     ⋮ 

   𝑥𝑥�̇�𝑛 = 𝑎𝑎𝑛𝑛1𝑥𝑥1 + 𝑎𝑎𝑛𝑛2𝑥𝑥2 + 𝑎𝑎𝑛𝑛3𝑥𝑥3 + ⋯+ 𝑎𝑎𝑛𝑛𝑛𝑛𝑥𝑥𝑛𝑛 . 

(3) 

 
 
System (3) can be expressed in the form �̇�𝑥 = 𝐴𝐴𝑥𝑥, with 𝑥𝑥 ∈ 𝐸𝐸 and 𝐴𝐴 is 𝑛𝑛 × 𝑛𝑛 matrix. System (2) is called a 
nonlinear system if it cannot be expressed in the form of a System (3). 

 
2.2  SIR Model of Dengue Fever Spread without Climate Effect 

Lourdes Esteva and Cristobal Vargas were the first to use the SIR model to analyze the spread of DHF. 
In the case of DHF, there are two populations, namely the human population and the mosquito (vector) 
population. In the human population, there are three sub-classes, namely the suspectable class or class 
containing individuals susceptible to dengue disease, the infectives class or class containing individuals 
infected with dengue and can transmit the disease, and the Recovery class, which is a class containing 
individuals who have recover and have permanent immunity against dengue disease. If 𝑁𝑁𝐻𝐻(𝑡𝑡) states the 
number of humans at time 𝑡𝑡, 𝑆𝑆𝐻𝐻(𝑡𝑡) states the number of individuals who suspect at time t, 𝐼𝐼𝐻𝐻(𝑡𝑡) states the 
number of individuals infected at time 𝑡𝑡, and 𝑅𝑅𝐻𝐻(𝑡𝑡) states the number of individuals recovered at time 𝑡𝑡,  then 
 
𝑁𝑁𝐻𝐻(𝑡𝑡) = 𝑆𝑆𝐻𝐻(𝑡𝑡) + 𝐼𝐼𝐻𝐻(𝑡𝑡) + 𝑅𝑅𝐻𝐻(𝑡𝑡). (4) 

Whereas in the mosquito population there are only two sub-classes, namely the Suspectable Vector class 
and the Infectible Vector class. There is no cure class for mosquitoes considering the relatively short life span 
of mosquitoes. Furthermore, with 𝑆𝑆𝑉𝑉(𝑡𝑡) stating the number of suspect mosquitoes at time 𝑡𝑡, 𝐼𝐼𝑉𝑉(𝑡𝑡) states the 
number of infected mosquitoes at time 𝑡𝑡, and 𝑁𝑁𝑉𝑉(𝑡𝑡) states the total number of mosquitoes, then the 
mathematical relationship can be written as: 
 
𝑁𝑁𝑉𝑉(𝑡𝑡) = 𝑆𝑆𝑉𝑉(𝑡𝑡) + 𝐼𝐼𝑉𝑉(𝑡𝑡). (5) 

The following is the flow chart for the DHF distribution model by Esteva-Vargas: 
 

 hh Nµ    hµ           A      vµ  

 

 

 

                

 

              

 

 
Scheme 1. DHF distribution model 

 
with 𝐴𝐴 represents the rate of addition of mosquitoes (recruitment rate), 𝜇𝜇ℎ is the birth and death rate, 𝑏𝑏 is the 
average mosquito bite, is the rate of transmission through infected mosquito bites, 𝛽𝛽ℎ is the rate of 
transmission through infected mosquito bites, 𝛾𝛾ℎ is the rate of humans recovering from illness, 𝜇𝜇𝑣𝑣 is the 
mosquito death rate, and 𝛽𝛽ℎ is the rate of transmission through infected mosquito bites, 𝛽𝛽𝑣𝑣 the transmission 
rate from infected humans who are bitten by mosquitoes. 
 
The SIR model for the spread of DHF proposed by Esteva-Vargas is as follows: 

  
  

  

  

  

 
  

    



420  Soleh, et. al.    Model Matematika Pengendalian DBD dengan Kontrol Pada …..…  

 
𝑑𝑑𝑆𝑆𝐻𝐻
𝑑𝑑𝑡𝑡

= 𝜇𝜇𝐻𝐻𝑁𝑁𝐻𝐻 −
𝛽𝛽𝐻𝐻𝑘𝑘
𝑁𝑁𝐻𝐻

𝑆𝑆𝐻𝐻𝐼𝐼𝑉𝑉 − 𝜇𝜇𝐻𝐻𝑆𝑆𝐻𝐻 

𝑑𝑑𝐼𝐼𝐻𝐻
𝑑𝑑𝑡𝑡

=
𝛽𝛽𝐻𝐻𝑘𝑘
𝑁𝑁𝐻𝐻

𝑆𝑆𝐻𝐻𝐼𝐼𝑉𝑉 − 𝜇𝜇𝐻𝐻𝐼𝐼𝐻𝐻 − 𝛾𝛾𝐻𝐻𝐼𝐼𝐻𝐻 

𝑑𝑑𝑅𝑅𝐻𝐻
𝑑𝑑𝑡𝑡

= 𝛾𝛾𝐻𝐻𝐼𝐼𝐻𝐻 − 𝜇𝜇𝐻𝐻𝑅𝑅𝐻𝐻 
𝑑𝑑𝑆𝑆𝑉𝑉
𝑑𝑑𝑡𝑡

= 𝑎𝑎𝑁𝑁𝑉𝑉 −
𝛽𝛽𝑉𝑉𝑘𝑘
𝑁𝑁𝐻𝐻

𝑆𝑆𝑉𝑉𝐼𝐼𝐻𝐻 − 𝜇𝜇𝑉𝑉𝑆𝑆𝑉𝑉 
𝑑𝑑𝑑𝑑𝑉𝑉
𝑑𝑑𝑑𝑑

= 𝛽𝛽𝑉𝑉𝑘𝑘
𝑁𝑁𝐻𝐻

𝑆𝑆𝑉𝑉𝐼𝐼𝐻𝐻 − 𝜇𝜇𝑉𝑉𝐼𝐼𝑉𝑉. 

(6) 

 

 
 

3. RESULT AND DISCUSSION 

3.1 Establishment of a SIR Model with the influence of climate change 

This study adopted a model from Chen, et.al, Morgan Rossi, et.al, Supriatna, et.al [8], and Syafarudin 
et.al [9] to study the spread of DHF in Pekanbaru and Solok City using the SIR model. Some of the 
assumptions for the human population in this study include: 

a. DHF transmission occurs when a mosquito infected with the virus bites a healthy person and /or healthy 
mosquito bites an infected person. 

b. In a population, there is a process of birth and a process of death with an exponential growth rate. 

Continuing the model from Esteva-Vargas, for the population of mosquito eggs/larvae, there are 
mosquito eggs/larvae that are still healthy (susceptible) and there are mosquito eggs/larvae contaminated with 
the dengue virus due to vertical infection from infected female mosquitoes. If 𝑁𝑁𝑒𝑒  states the total number of 
mosquito eggs/larvae produced by adult mosquitoes, 𝑆𝑆𝑒𝑒 is the number of healthy mosquito eggs/ larvae, and 
𝐼𝐼𝑒𝑒 states the number of mosquito eggs/larvae infected with dengue, then it is obtained: 

 
𝑁𝑁𝑒𝑒 = 𝑆𝑆𝑒𝑒 + 𝐼𝐼𝑒𝑒. 

 
In the 𝑆𝑆𝑒𝑒 class, there was an increase in the number of healthy eggs/larvae due to the presence of adult 

female mosquitoes that lay eggs/larvae. But the number is reduced because some of the eggs/larvae hatch and 
some also die. The 𝐼𝐼𝑒𝑒 class increases from the eggs/larvae that come out of infected female mosquitoes and 
decreases due to the eggs/larvae that have been cooked/hatched and which are dead. With 𝑘𝑘1 stating the 
percentage of death of mosquito eggs/larvae due to drug administration, the 𝑆𝑆𝑒𝑒 and 𝐼𝐼𝑒𝑒 correlations can be 
formulated as follows: 
 
𝑑𝑑𝑑𝑑𝑒𝑒
𝑑𝑑𝑑𝑑

= 𝑏𝑏 �1− 𝑣𝑣 � 𝑑𝑑𝑣𝑣
𝑑𝑑𝑣𝑣+𝐸𝐸𝑣𝑣+𝑑𝑑𝑣𝑣

�� − (1 + 𝑘𝑘1)𝜇𝜇𝑒𝑒𝑆𝑆𝑒𝑒 + (1− 𝑘𝑘1)𝜔𝜔𝑆𝑆𝑒𝑒 ,                       
𝑑𝑑𝑑𝑑𝑒𝑒
𝑑𝑑𝑑𝑑

= 𝑏𝑏𝑣𝑣 � 𝑑𝑑𝑣𝑣
𝑑𝑑𝑣𝑣+𝐸𝐸𝑣𝑣+𝑑𝑑𝑣𝑣

� − (1 + 𝑘𝑘1)𝜇𝜇𝑒𝑒𝐼𝐼𝑒𝑒 − (1 − 𝑘𝑘1)𝜔𝜔𝐼𝐼𝑒𝑒 ,                

(7) 

 
   
with 𝑏𝑏, 𝑣𝑣,𝜔𝜔, and 𝜇𝜇𝑒𝑒 represent the oviposition rate of female mosquitoes, the proportion of vertical infection 
incidence of adult female mosquitoes to eggs/larvae, rate of hatching of larvae of mosquitoes into larvae, and 
mortality rates of mosquito larvae respectively. 

In the adult (female) mosquito population, there are three classes, namely the susceptible mosquito 
population class, the exposed mosquito population class, and the infected mosquito population class. 
Mathematically, the three population classes can be formulated as follows: 

 
𝑑𝑑𝑆𝑆𝑣𝑣
𝑑𝑑𝑡𝑡

= (1 − 𝑘𝑘1)𝜔𝜔𝑆𝑆𝑒𝑒 − 𝛽𝛽
𝐼𝐼ℎ
𝑁𝑁ℎ

𝑆𝑆𝑣𝑣 − (𝜇𝜇𝑣𝑣 + 𝑘𝑘2)𝑆𝑆𝑣𝑣 ,              
𝑑𝑑𝐸𝐸𝑣𝑣
𝑑𝑑𝑑𝑑

= 𝛽𝛽 𝑑𝑑ℎ
𝑁𝑁ℎ
𝑆𝑆𝑣𝑣 − 𝜀𝜀𝐸𝐸𝑣𝑣 −  (𝜇𝜇𝑣𝑣 + 𝑘𝑘2)𝐸𝐸𝑣𝑣 ,               

𝑑𝑑𝐼𝐼𝑣𝑣
𝑑𝑑𝑡𝑡

= 𝜀𝜀𝐸𝐸𝑣𝑣 + (1− 𝑘𝑘1)𝜔𝜔𝐼𝐼𝑒𝑒 − (𝜇𝜇𝑣𝑣 + 𝑘𝑘2)𝐼𝐼𝑣𝑣,                                       

(8) 
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with 𝜀𝜀, 𝜇𝜇𝑣𝑣 ,𝑘𝑘2 successively represent the transmission rate of exposed mosquitoes to become infected, the 
natural mortality rate of mosquitoes, and the percentage of adult mosquito deaths due to fogging. 

Thus, based on (6) - (8) the SIR model for the spread of DHF with the effect of climate change is 
obtained as follows: 

 
𝑑𝑑𝑆𝑆𝑒𝑒
𝑑𝑑𝑡𝑡

= 𝑏𝑏 �1 − 𝑣𝑣 �
𝐼𝐼𝑣𝑣

𝑆𝑆𝑣𝑣 + 𝐸𝐸𝑣𝑣 + 𝐼𝐼𝑣𝑣
�� − (1 + 𝑘𝑘1)𝜇𝜇𝑒𝑒𝑆𝑆𝑒𝑒 + (1 − 𝑘𝑘1)𝜔𝜔𝑆𝑆𝑒𝑒 ,              

𝑑𝑑𝑑𝑑𝑒𝑒
𝑑𝑑𝑑𝑑

= 𝑏𝑏𝑣𝑣 � 𝑑𝑑𝑣𝑣
𝑑𝑑𝑣𝑣+𝐸𝐸𝑣𝑣+𝑑𝑑𝑣𝑣

� − (1 + 𝑘𝑘1)𝜇𝜇𝑒𝑒𝐼𝐼𝑒𝑒 − (1 − 𝑘𝑘1)𝜔𝜔𝐼𝐼𝑒𝑒 ,                  
𝑑𝑑𝑆𝑆𝑣𝑣
𝑑𝑑𝑡𝑡

= (1 − 𝑘𝑘1)𝜔𝜔𝑆𝑆𝑒𝑒 − 𝛽𝛽
𝐼𝐼ℎ
𝑁𝑁ℎ

𝑆𝑆𝑣𝑣 − (𝜇𝜇𝑣𝑣 + 𝑘𝑘2)𝑆𝑆𝑣𝑣 ,              
𝑑𝑑𝐸𝐸𝑣𝑣
𝑑𝑑𝑑𝑑

= 𝛽𝛽 𝑑𝑑ℎ
𝑁𝑁ℎ
𝑆𝑆𝑣𝑣 − 𝜀𝜀𝐸𝐸𝑣𝑣 −  (𝜇𝜇𝑣𝑣 + 𝑘𝑘2)𝐸𝐸𝑣𝑣 ,               

𝑑𝑑𝐼𝐼𝑣𝑣
𝑑𝑑𝑡𝑡

= 𝜀𝜀𝐸𝐸𝑣𝑣 + (1− 𝑘𝑘1)𝜔𝜔𝐼𝐼𝑒𝑒 − (𝜇𝜇𝑣𝑣 + 𝑘𝑘2)𝐼𝐼𝑣𝑣 ,                                      
𝑑𝑑𝑆𝑆ℎ
𝑑𝑑𝑡𝑡

= 𝜇𝜇ℎ𝑁𝑁ℎ −
𝛽𝛽
𝑁𝑁ℎ

𝑆𝑆ℎ𝐼𝐼𝑣𝑣 − 𝜇𝜇ℎ𝑆𝑆ℎ ,              
𝑑𝑑𝑑𝑑ℎ
𝑑𝑑𝑑𝑑

= 𝛽𝛽 𝑑𝑑ℎ
𝑁𝑁ℎ
𝐼𝐼𝑣𝑣 − 𝛾𝛾ℎ𝐼𝐼ℎ −  𝜇𝜇ℎ𝐼𝐼ℎ,                  

𝑑𝑑𝑅𝑅ℎ
𝑑𝑑𝑡𝑡

= 𝛾𝛾ℎ𝐼𝐼ℎ − 𝜇𝜇ℎ𝑅𝑅ℎ.                                        

(9) 

 

 
 
3.2 Climate as an Independent Variable of Entomological Parameters 

There are five entomological parameters related to the spread of DHF in this study, namely: oviposition 
rate of mosquito eggs/larvae, mosquito egg/larva mortality, hatching rate of eggs/mosquito larvae, adult 
mosquito mortality rate, dengue virus incubation rate, and transmission rate. These six parameters can be 
expressed as a function of temperature, rainfall, or both. 

 
a. The oviposition rate of mosquito eggs/larvae (b) 

𝑏𝑏(𝑇𝑇,𝑅𝑅) = 0,0011�1 − exp�0,0101(𝑇𝑇 − 40)�(𝑇𝑇 − 9)3,445� ��
0,0392

1 + 2,11 (𝑅𝑅−30,992

28,218

�

0,737

+ 0,126� 

b. Mosquito egg/larva mortality rate 
μe = 0,0731exp (0,0595𝑇𝑇) 

c. Hatching rate of eggs/larvae 
𝜔𝜔(𝑇𝑇) = −0.0000002𝑇𝑇5 + 0.00003𝑇𝑇4 − 0.0012𝑇𝑇3 + 0.0248𝑇𝑇2 − 0.2464𝑇𝑇 + 0.9089 

d. The mortality rate for adult female mosquitoes 
𝜇𝜇𝑣𝑣(𝑇𝑇) = 𝑝𝑝19exp (−𝑝𝑝20(𝑇𝑇 − 𝑝𝑝21)2 + 𝑝𝑝22(𝑇𝑇 − 𝑝𝑝21)2 

e. Dengue virus incubation parameters 
𝜀𝜀(𝑇𝑇) = 𝑝𝑝23 − 𝑝𝑝24 [ln (𝑇𝑇)]2. 

f. Transmission rate 

𝛽𝛽(𝑇𝑇) = 0,03𝑇𝑇−0,66
7

( ) 
 

The results of parameter estimation based on data of temperature, rainfall, and the number of DHF 
sufferers, cases of DHF recovery can be seen in Table 1, below: 
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Table 1. Entomological parameters and host population 

Parameters Pekanbaru Solok Information 
𝑣𝑣 0,028 0,028 S-C Chen, et.al 
𝛽𝛽 0,02076941776 0,01255547746 Estimation 
𝜔𝜔 1,7891486 1,31076641 Estimation 
𝑏𝑏 0,3614758369 0,2840196049 Estimation 
𝜀𝜀 0,2955969909 0,3402025690 Estimation 
𝜇𝜇𝑣𝑣 0,006469390419 0,01743452765 Estimation 
𝜇𝜇𝑒𝑒  0,3644277688 0,3274149631 Estimation 
𝛾𝛾 0,0007690192 0,001424585 Central Bureau of Statistics 
𝜇𝜇ℎ 0,0249 0,0199 Central Bureau of Statistics 
𝑁𝑁ℎ 1.091.088 68.608 Central Bureau of Statistics 

k1 0,80 0,80 Assumption 
k2 0,75 0,75 Assumption 

𝑁𝑁𝑣𝑣 1.000.000 200.000 Assumption 
𝑆𝑆ℎ,0 1.091.083 68.607 Public Health Office 
𝐼𝐼ℎ,0 15 10 Public Health Office 
𝑅𝑅ℎ,0 14 9 Public Health Office 
𝑆𝑆𝑒𝑒,0 1.000.000 100.000 Assumption 
𝐼𝐼𝑒𝑒,0 50.000 5.000 Assumption 
𝑆𝑆𝑣𝑣,0 100.000 7.000 Assumption 
𝐸𝐸𝑣𝑣,0 5.000 350 Assumption 
𝐼𝐼𝑣𝑣,0 200 25 Assumption 

 
3.3 Numerical Simulations 

As an illustration of the changes in  𝑆𝑆𝑣𝑣 , 𝐼𝐼𝑣𝑣 , and 𝐸𝐸𝑣𝑣 with respect to 𝑡𝑡 for Pekanbaru and Solok city 
respectively, are given in Figures 1 and 2 below. 

 

 
Figure 1. The graph of 𝑺𝑺𝒗𝒗, 𝑰𝑰𝒗𝒗 and 𝑬𝑬𝒗𝒗 with respect to 𝒕𝒕 for 𝒌𝒌𝟏𝟏 = 𝟎𝟎.𝟖𝟖 and 

 𝒌𝒌𝟐𝟐 = 𝟎𝟎.𝟖𝟖 𝐢𝐢𝐢𝐢 𝐭𝐭𝐭𝐭𝐭𝐭 𝐜𝐜𝐜𝐜𝐜𝐜𝐭𝐭 𝐨𝐨𝐨𝐨 𝐒𝐒𝐨𝐨𝐒𝐒𝐨𝐨𝐒𝐒 𝐂𝐂𝐢𝐢𝐭𝐭𝐂𝐂 
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Figure 2. The graph of 𝑺𝑺𝒗𝒗, 𝑰𝑰𝒗𝒗 and 𝑬𝑬𝒗𝒗 with respect to 𝒕𝒕 for 𝒌𝒌𝟏𝟏 = 𝟎𝟎.𝟖𝟖 and 

 𝒌𝒌𝟐𝟐 = 𝟎𝟎.𝟖𝟖 𝐢𝐢𝐢𝐢 𝐭𝐭𝐭𝐭𝐭𝐭 𝐜𝐜𝐜𝐜𝐜𝐜𝐭𝐭 𝐨𝐨𝐨𝐨 𝐒𝐒𝐨𝐨𝐒𝐒𝐨𝐨𝐒𝐒 𝐂𝐂𝐢𝐢𝐭𝐭𝐂𝐂 
 

In this paper, we involve two control parameters, namely the percentage of mosquito larvae mortality 
(𝑘𝑘1) and the percentage of adult mosquito mortality (𝑘𝑘2). The eradication of mosquito larvae is carried out 
by using abate powder which is spread or sprinkled on the breeding places for mosquito larvae, while 
adult mosquito eradication is carried out by using fogging on places that have the potential to become 
adult mosquito nests. 

Figures 3 and 4 below show the effect of eradicating adult mosquitoes on the development of the 
number of mosquitoes that have the potential to spread DHF. 

 

 
Figure 3. The graph of 𝑺𝑺𝒗𝒗 with respect to 𝒕𝒕 for 𝒌𝒌𝟏𝟏 = 𝟎𝟎.𝟕𝟕 in the case of Pekanbaru City 

 
 

 
Figure 4. The graph of 𝑺𝑺𝒗𝒗 with respect to 𝒕𝒕 for 𝒌𝒌𝟏𝟏 = 𝟎𝟎.𝟕𝟕 in the case of Solok City 
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Figures 3 and 4 also show that the percentage of adult mosquito culling through fogging generally 
has an effect on decreasing the number of adult mosquitoes. There was a difference in the time of descent 
to the point of stability between 𝑘𝑘2 = 0 and 𝑘𝑘2 ≠ 0, both for the cases of Pekanbaru and Solok. 

 For the city of Pekanbaru, the decrease in the number of adult mosquitoes generally occurred at 𝑡𝑡 for 
𝑘𝑘2 = 0; 0,3; 0,7; 1,0, meanwhile, for the city of Solok, the number of adult mosquitoes decrease 
dramatically at 𝑘𝑘2 = 0,3; 0,7; 1,0. 

In addition to the effect on the number of adult mosquitoes, the eradication of adult mosquitoes also 
has an effect on the number of mosquitoes that have dengue fever. 

 

 
Figure 5. The graph of 𝑰𝑰𝒗𝒗 with respect to 𝒕𝒕 for 𝒌𝒌𝟏𝟏 = 𝟎𝟎.𝟕𝟕 in the case of Pekanbaru City 

 
 

 
Figure 6. The graph of 𝑰𝑰𝒗𝒗 with respect to 𝒕𝒕 for 𝒌𝒌𝟏𝟏 = 𝟎𝟎.𝟕𝟕 in the case of Solok City 

 
Based on Figures 5 and 6, it shows that if there are no steps to eradicate mosquitoes through fogging, 

the number of mosquitoes that cause dengue fever (mosquitoes infected with dengue virus) tends to be 
constant at all times, both in Pekanbaru and Solok. 

Furthermore, mosquito eradication can also have an indirect effect on the number of people affected 
by DHF, as shown in Figures 7 and 8. 
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Figure 7. The graph of 𝑰𝑰𝒉𝒉 with respect to 𝒕𝒕 for 𝒌𝒌𝟏𝟏 = 𝟎𝟎.𝟕𝟕 in the case of Pekanbaru City 

 
 

 
Figure 8. The graph of 𝑰𝑰𝒉𝒉 with respect to 𝒕𝒕 for 𝒌𝒌𝟏𝟏 = 𝟎𝟎.𝟕𝟕 in the case of Solok City 

 
Based on Figures 7 and 8, it can be seen that the eradication of adult mosquitoes has a very 

significant effect on reducing the number of sick people, both in Pekanbaru and Solok. On the other 
hand, if mosquito eradication treatment is not given, DHF sufferers tend to increase in Solok city, but 
tend to decline slowly in the case of Pekanbaru city. 

 
 

4. CONCLUSIONS 

Based on the treatment of larvae and adult mosquito eradication (𝑘𝑘1and 𝑘𝑘2) in both cities, it shows that 
there is an influence on the number of infected people. However, the city of Pekanbaru has decreased the 
number of infected people faster than the city of Solok. This is due to the city of Pekanbaru, which has a 
relatively high temperature (𝑇𝑇) compared to the city of Solok. 
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