
 

p-ISSN 2338 – 3216 
e-ISSN 2528 – 1070 JURNAL STATISTIKA 

UNIVERSITAS MUHAMMADIYAH SEMARANG 
12(2) 2024: 10-18 

 
 

10 | https://jurnal.unimus.ac.id/index.php/statistik 
   [DOI: 10.14710/JSUNIMUS.12.2.2024.10-18] 
 

APPLICATION OF THE COCHRANE-ORCUTT METHOD IN ANALYZING THE 
IMPACT OF WATER QUALITY DYNAMICS ON THE GROWTH OF VANNAMEI 

SHRIMP (Litopenaeus vannamei) 
 

Febriyani Eka Supriatin1*, Aulia Rahmawati1, Dea Nur’ainina Hasanah2 

1 Aquaculture Study Program, Department of Aquatic and Marine Resources Management, Faculty of 
Fisheries and Marine Sciences, Universitas Brawijaya, Indonesia 

2 Student of Aquaculture Study Program, Department of Aquatic and Marine Resources Management, 
Faculty of Fisheries and Marine Sciences, Universitas Brawijaya, Indonesia 

 
*e-mail: febriyaniekas@ub.ac.id 

Article Info: 
Received: October 18th, 2024 
Accepted: November 20th,2024  
Available Online: November 28th, 
2024 
 
Keywords:  
Autocorrelation;Cochrane-Orcutt; 
growth; linear regression; 
Vannamei shrimp; water quality 
. 
 

Abstract: Vannamei shrimp (Litopenaeus vannamei) is a key 
commodity in aquaculture due to its high survival rate, short 
cultivation period, and disease resistance. Water quality plays a 
crucial role in shrimp growth and productivity, particularly in 
intensive farming systems. This study aims to analyze the 
effects of water quality dynamics (pH, temperature, and 
dissolved oxygen) on shrimp growth, measured through 
Average Body Weight (ABW) and Specific Growth Rate 
(SGR). Multiple linear regression analysis was employed, but 
given the time-series nature of water quality data, the 
assumption of non-autocorrelation was violated. To address this 
issue, the Cochrane-Orcutt method was applied to obtain 
efficient parameter estimates and valid hypothesis testing 
results. The findings indicate that temperature significantly 
affects ABW and SGR (p < 0.05), while pH and dissolved 
oxygen do not show a significant partial effect. The 
simultaneous F-test confirms that these three water quality 
variables collectively influence shrimp growth. The Durbin-
Watson test revealed autocorrelation in the initial model, which 
was resolved through the Cochrane-Orcutt method. The final 
regression model demonstrated improved estimation accuracy 
without autocorrelation. This study highlights that temperature 
is the primary factor influencing vannamei shrimp growth, 
while pH and dissolved oxygen play supporting roles in 
maintaining an optimal environment. Furthermore, the 
Cochrane-Orcutt method proved effective in addressing 
autocorrelation, ensuring more accurate analysis results that can 
guide the management of intensive vannamei shrimp farming. 

 

  

1. INTRODUCTION  

Vannamei shrimp is one of the leading commodities in the aquaculture sector. Its high 
survival rate, relatively short cultivation period, and resistance to diseases make this shrimp 
species highly sought after. Water quality significantly influences the growth and production 
of vannamei shrimp, especially in intensive farming systems, where maintaining good water 
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quality is crucial [1]. Water quality is dynamic and fluctuates over time. Ensuring water 
parameters remain within the acceptable thresholds for aquaculture activities is essential for 
shrimp farmers [2]. Daily monitoring of water quality in shrimp ponds helps prevent issues and 
provides valuable information for farmers to make informed decisions regarding their 
aquaculture operations. 

Regression analysis is a common method used to examine the relationship between 
variables. However, this method assumes that no autocorrelation exists in the residuals [3]. The 
non-autocorrelation assumption states that the error terms of the regression model should not 
be correlated with each other. Violating this assumption, known as autocorrelation, can result 
in inefficient parameter estimates and invalid hypothesis tests. Autocorrelation often occurs in 
time-series data, where observations recorded close in time may exhibit correlated errors. Since 
water quality data in this study is collected daily or periodically, it constitutes time-series data, 
which may lead to violations of the non-autocorrelation assumption. 

To address autocorrelation issues, several corrective methods can be applied, one of 
which is the Cochrane-Orcutt method. This technique calculates the autocorrelation coefficient 
(𝜌") using the residuals from the regression model. The process iteratively estimates the ρ̂ value 
until it converges to ensure that autocorrelation is no longer present [4]. 

Given the importance of water quality for vannamei shrimp growth, maintaining optimal 
water quality leads to better growth and productivity. However, the time-series nature of water 
quality data makes it prone to autocorrelation, requiring the application of the Cochrane-Orcutt 
method for efficient parameter estimation and valid hypothesis testing. This approach helps 
identify the water quality parameters that significantly impact shrimp growth. 

This study aims to develop a regression model to analyze the impact of water quality 
dynamics on the growth of vannamei shrimp, ensuring that the non-autocorrelation assumption 
is met using the Cochrane-Orcutt method. Additionally, it seeks to determine which water 
quality variables significantly influence shrimp growth. 

 

2. LITERATURE REVIEW 
2.1. Growth of Vannamei Shrimp 

In this study, the growth of vannamei shrimp is measured using Average Body Weight 
(ABW) and Specific Growth Rate (SGR). ABW represents the average weight recorded over 
a specific period. The average shrimp weight can be influenced by the population density in a 
given pond. A high shrimp population may limit movement, access to food, and oxygen. 
According [5], ABW refers to the average weight of shrimp obtained from sampling. [6] state 
that ABW can be calculated using the following formula: 

 

𝑊 =
B
N (1) 

 
Where : 

W  = Average weight per shrimp (grams) 
B  = Total weight of sampled shrimp (grams) 
N  = Number of sampled shrimp (individuals) 
Specific Growth Rate (SGR) is an essential parameter in aquaculture activities. The 

growth rate period of shrimp directly influences the success and efficiency of the cultivation 
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time. SGR measures the difference between the final and initial average body weights, 
normalized over the measurement period, and expressed as a natural logarithm (Ln). According 
to Scabra [7], the formula for calculating SGR is as follows: 

 

𝑆𝐺𝑅 =
LnW! 	− LnW"	

t 𝑥100% (2) 

 
Where: 

W!  = Final average body weight of shrimp (grams) 
W"  = Initial average body weight of shrimp (grams) 
t      = Duration of cultivation (days) 
Water quality in aquaculture involves physical, chemical, and biological factors that can 

affect production outcomes. Poor water quality can lead to low survival rates, hindered growth, 
and impaired reproduction of shrimp. In this study, the water quality parameters examined are 
temperature,pH and Dissolved Oxygen (DO). Monitoring these parameters is crucial to ensure 
optimal environmental conditions, which directly influence the health and productivity of 
vannamei shrimp farming. 
2.2. Regression analysis  

Regression analysis is a statistical method used to understand the relationship between 
two or more variables. This method helps determine how one or more independent (predictor) 
variables influence a dependent (response) variable [8]. Based on the number of independent 
variables, regression analysis is generally divided into two types: Simple linear regression: 
When there is only one independent variable. Multiple linear regression: When there are two 
or more independent variables. In this study, there are three independent variables, so the 
appropriate method is multiple linear regression. The estimated regression model equation used 
is: 

 

𝑦" = 𝛽&! + 𝛽&"𝑋" + 𝛽&#𝑋# + 𝛽&$𝑋$ (3) 

 
This model helps assess the significance and strength of the relationships between water quality 
parameters and shrimp growth. 

Where: 
𝑦3  = Dependent variable (e.g., shrimp growth: ABW or SGR) 
𝛽&!= Intercept 
𝛽&", 𝛽&#, 𝛽&$ = Regression coefficients for each independent variable 
𝑋", 𝑋$, 𝑋$ = Independent variables (pH, Temperature, and Dissolved Oxygen) 
There are several assumptions that must be met in multiple linear regression analysis, 

including normality of residuals, homoscedasticity of residual variances, non-autocorrelation, 
non-multicollinearity. The assumption of non-autocorrelation is often violated when the 
research data consists of time-series data [9]. One way to detect violations of the non-
autocorrelation assumption is through a formal test, specifically the Durbin-Watson test. The 
formula for the Durbin-Watson [10] statistic is as follows: 
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𝑑 =
∑ (𝑒𝑡 − 𝑒𝑡−1)#𝑡=𝑛
𝑡=2

∑ 𝑒𝑡2𝑡=𝑛
𝑡=1

 
(4) 

Detection of autocorrelation can be performed based on the rules outlined in Table 1. Below is 
a general guideline for interpreting the Durbin-Watson statistic values: 

 
Table 1. Rules for Detecting Autocorrelation 

No Statistic Durbin- Watson value Conclusion 

1 0 < 𝑑 < 𝑑+ Positive autocorrelation 

2 𝑑+ ≤ 𝑑 ≤ 𝑑, Areas of Uncertainty 

3 𝑑, ≤ 𝑑 ≤ 4 − 𝑑, No autocorrelation 

4 4 − 𝑑, ≤ 𝑑 ≤ 4 − 𝑑+ Areas of Uncertainty 
5 4 − 𝑑+ ≤ 𝑑 ≤ 4 Negative autocorrelation 

Where 𝑑+ and 𝑑, are critical value for Durbin-Watson test table. 
Violations of the non-autocorrelation assumption can lead to inefficient parameter 

estimates and invalid hypothesis tests. Therefore, it is essential to implement corrective 
measures, one of which is the Cochrane-Orcutt Method. This method effectively addresses 
regression models that exhibit autocorrelation. If the structure of autocorrelation is unknown, 
the coefficient of autocorrelation can be determined using the following formula: 

𝜌" =
∑ 𝑒-.
-/# 𝑒-0"
∑ 𝑒-0"#.
-/#

 (5) 

 
Where: 

𝜌"  = Estimated coefficient of autocorrelation 
𝑒-   = Residuals (errors) value at observation i 
𝑒-0"   = Residuals (errors) from the regression model at time i-1 
n  = Number of observations 

 
3. METHODOLOGY 

The research method employed in this study is a survey method, where data is obtained 
through the collection of water quality data and the growth data of vannamei shrimp from 13 
shrimp ponds. The sampling method used is purposive sampling. Sampling in this study was 
conducted three times, with one sample taken weekly for each pond. The growth sampling 
started from Day of Culture (DOC) 32 to DOC 50. 

The analysis stages in this study are as follows: 
1. Measure Water Quality: Assess the water quality parameters, including pH, temperature, 

and dissolved oxygen (DO). 
2. Calculate Shrimp Growth: Determine the growth of shrimp by measuring Average Body 

Weight (ABW) and Specific Growth Rate (SGR). 
3. Estimate Regression Model: Conduct regression analysis using the Ordinary Least 

Squares (OLS) method and obtain the residual values from the regression model. 
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4. Test for Autocorrelation: Evaluate the assumption of autocorrelation using the Durbin-
Watson test. 

5. Regress Residuals: Perform regression of the residuals at observation i against the 
residuals at observation i−1 to obtain the estimated coefficient of autocorrelation, 
denoted as 𝜌3 

6. Regress 𝜌3 in the following equation:  

𝑌$ − 𝜌3𝑌$%& = 𝛽" − 𝜌3𝛽" + 𝛽$𝑋$ − 𝜌3𝛽$𝑋$%& + 𝜌3𝜀$ − 𝜌3𝜀$%& 

																							= 𝛽"(1 − 𝜌3) + 𝛽$(𝑋$ − 𝜌3𝑋$%&) + 𝜌3𝜀$ − 𝜌3𝜀$%& 

(6) 

 

Thus, the model obtained is: 

𝑌$∗ = 𝛽"∗ + 𝛽$∗𝑋$∗ + 𝜀$∗ (7) 
 

This model is iterated until a convergent estimated coefficient of autocorrelation  𝜌3 is 
achieved. All data in this study are analyzed using R Studio software. 

4. RESULTS AND DISCUSSION 

The observations conducted on water quality and the growth of vannamei shrimp can be 
summarized in Table 2. 

Table 2. Research Data Description 

Parameter Average Standard 
Deviation Minimum Maximum 

pH 8.077 0.179 7.7 8.35 
Temperature (0C) 28.949 0.536 28 30 

Do (ppm) 4.552 0.370 3.94 5.23 
AWB (gram) 6.795 1.751 4.3 9.73 
SGR (gram) 6.141 2.772 2.65 12.43 

Based on Table 2, it can be observed that the pH of the water in the vannamei shrimp grow-out 
ponds ranges from 8.077±0.179, with the lowest and highest pH values being 7.7 and 8.35, 
respectively. The pH value obtained is still within the optimal range, as the optimal pH for 
vannamei shrimp farming is between 7.0 and 8.5 [11]. The water temperature averages 
28.949±0.5360C, with the lowest temperature recorded at 280C and the highest at 300C. This 
temperature also remains within the optimal range for shrimp farming; according to Hidayat 
[12], the optimal temperature for vannamei shrimp growth is between 280C and 300C. The 
dissolved oxygen (DO) levels in the shrimp grow-out ponds average 4.552±0.370 ppm, with 
the lowest recorded DO at 3.94 ppm and the highest at 5.23 ppm. The optimal DO level for 
vannamei shrimp farming is a minimum of 3 ppm [13]. The growth of shrimp measured in this 
study, based on Average Body Weight (ABW), averages 6.795±1.751 grams, and the Specific 
Growth Rate (SGR) averages 6.141±2.772 grams. 

Subsequently, regression analysis using the Ordinary Least Squares (OLS) method was 
conducted, resulting in estimated regression parameters for each water quality variable with 
respect to the growth variables, as shown in Tables 3 and 4. 

 
Table 3. Coefficients of the Regression Model between Water Quality and AWB 
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Model Coefficient Standard 
Error 

t-
Statistic p-value F-

statistic p-value r 
square 

adj r 
square 

Constant  68.2663 17.295 3.947 0.000364 5.968 0.002135 0.3384 0.2817 
pH -0.949 1.5414 -0.616 0.542087     

Temperature -1.8776 0.4587 -4.093 0.000238     
Do 0.1207 0.7599 0.159 0.874745     

 

Based on Table 3, Regression Model 1 is obtained as follows: 

𝐴𝐵𝑊 = 68.266 − 0.949𝑝𝐻 − 1.878𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 + 0.121𝐷𝑜    
The p-value for the F-test is <0.05, indicating that, at a 5% significance level, there is a 

simultaneous relationship between water quality variables and ABW. In partial analysis, 
temperature is identified as the variable with a significant influence on ABW (p-value < 0.05). 

 
Table 4. Coefficients of the Regression Model between Water Quality and SGR 

Model Coefficient Standard 
Error 

t-
Statistic p-value F-

statistic p value r 
square 

adj r 
square 

Constant  -115.965 25.7546 -4.503 7.13e-05  8.253 0.0002765 0.4143 0.3641 
pH 4.3464 2.2954 1.893 0.0666 .     

Temperature 3.0573 0.6831 4.476 7.73e-05      
Do -0.3305 1.1316 -0.292 0.772     

 
Based on Table 4, Regression Model 2 is formulated as: 

𝑆𝐺𝑅 = −115.965 + 4.346𝑝𝐻 + 3.0578𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 − 0.331𝐷𝑜   
Similarly, the p-value for the F-test is <0.05, suggesting that, at a 5% significance level, 

there is a simultaneous relationship between water quality variables and SGR. In partial 
analysis, temperature also emerges as the variable with a significant influence on SGR (p-value 
< 0.05). 

Both regression models were further tested for the non-autocorrelation assumption using 
the Durbin-Watson test. For Regression Model 1, the Durbin-Watson statistic (d) is 0.656, with 
a p-value of 1.264 × 10⁻⁷. For Regression Model 2, the Durbin-Watson statistic (d) is 0.767, 
with a p-value of 2.054 × 10⁻⁶. Since both p-values are less than 0.05, it can be concluded that 
autocorrelation is present in both regression models, necessitating treatment using the 
Cochrane-Orcutt method. 

The Cochrane-Orcutt method works by regressing the residuals at time i against the 
residuals at time i-1, which generates the estimated value ρ̂. The residual values for both 
regression models are presented in Table 5. 

 
Tabel 5. Residual Value 

No 
Residual Value 

Model 1 Model 2 
1 -2.44400855 3.00220278 
2 -2.43556196 2.99907064 
3 -1.8038528 3.67936192 
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. . . 

. . . 

. . . 
39 2.07474956 -2.1093895 

The next step involves regressing the residuals at time i against the residuals at time i-1 
for each regression model (1 and 2) to obtain a convergent value of 𝜌3 using Equation (5). The 
convergent value of 𝜌3  for Regression Model 1 is 𝜌3 = 	0.676, achieved at the 8th iteration. For 
Regression Model 2, the convergent value of 𝜌3 is 0.660, achieved at the 9th iteration. Using 
the obtained 𝜌3 values, new regression analyses were performed based on Equation (6). The 
updated regression equation for the relationship between water quality dynamics and ABW is: 

𝐴𝐵𝑊 = 81.273 − 0.588𝑝𝐻 − 1.878𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 + 0.121𝐷𝑜   
The new regression equation for the relationship between water quality dynamics and SGR is: 

𝑆𝐺𝑅 = −131.086 + 2.464	𝑝𝐻 + 3.933𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 + 0.690	𝐷𝑜   
Based on the model in Equation (10), the Durbin-Watson test produced a statistic of d = 

2.325 with a p-value of 0.856. For the model in Equation (11), the Durbin-Watson statistic is 
d = 2.057 with a p-value of 0.579. Since both p-values are greater than 0.05, it can be concluded 
that there is no autocorrelation present in either of the revised regression models. 

 The results of the simultaneous and partial effect tests between water quality variables 
and shrimp growth variables are presented in Table 6 and 7. 
 

Table 6. Coefficients of the New Regression Model between Water Quality and AWB 

Model Coefficient Standard 
Error 

t-
Statistic p-value F-

statistic p value r 
square 

adj r 
square 

Constant  81.272906 5.9116 4.452 0.0000871 7.582 0.0005173 0.4008 0.348 
pH -0.587566 1.5173 -0.387 0.701     

Temperature -2.331339 0.4976 -4.686 0.0000437     
Do -0.427450 0.5803 -0.737 0.466     

 
Table 7. Coefficients of the New Regression Model between Water Quality and SGR 

Model Coefficient Standard 
Error 

t-
Statistic p-value F-

statistic p value r 
square 

adj r 
square 

Constant  -131.0861 9.7139 -4.583 0.0000593 9.306 0.0001237 0.4509 0.4024 
pH 4.3464 2.3756 1.037 0.307     

Temperature 3.0573 0.7796 5.045 0.000015     
Do -0.3305 0.9147 0.755 0.456     

 

The results indicate that water quality variables have a significant simultaneous effect on 
shrimp growth metrics, as evidenced by the F-statistics and p-values in both models (p-value 
= 0.0005173 for ABW and 0.0001237 for SGR). This demonstrates that the combination of 
pH, temperature, and dissolved oxygen (DO) plays a critical role in influencing shrimp growth. 
However, the partial effect analysis shows that not all variables contribute equally. In the ABW 
model, temperature has a significant negative effect (p-value = 0.0000437), while pH and DO 
do not exhibit significant influence (p-values = 0.701 and 0.466, respectively). Similarly, in the 
SGR model, temperature again emerges as the key influencing factor with a significant positive 
effect (p-value = 0.000015), whereas pH and DO remain statistically insignificant (p-values = 
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0.307 and 0.456). Wang [14] found that temperature plays a crucial role in regulating metabolic 
processes, directly affecting growth rates and overall health of shrimp populations. Their 
research demonstrated that optimal temperature ranges are essential for maximizing both 
average body weight (ABW) and specific growth rates (SGR), while deviations from these 
ranges can lead to significant growth reductions. Additionally, [15] reported that while pH and 
dissolved oxygen (DO) are important for maintaining water quality, their direct influence on 
growth metrics, such as ABW and SGR, is often less pronounced compared to temperature. 
These findings align with the results of the current study, further reinforcing the conclusion 
that temperature is the most critical water quality parameter influencing shrimp growth, 
whereas pH and DO have limited partial effects. The model performance, as indicated by the 
R² values, suggests that 40.08% of the variation in ABW and 45.09% of the variation in SGR 
can be explained by the water quality variables. 

 

5. CONCLUSION 
The Cochrane-Orcutt method successfully developed regression models to analyze the 

impact of water quality dynamics on the growth of vannamei shrimp (ABW and SGR) and  
ensuring the non-autocorrelation assumption. The research results indicate that the convergent 
values of 𝜌3 obtained using the Cochrane-Orcutt method were 𝜌3= 0.676 at the 8th iteration for 
Regression Model 1 and 𝜌3= 0.660 at the 9th iteration for Regression Model 2. The results show 
that water quality variables have a significant simultaneous effect on shrimp growth. 
Temperature was identified as the most critical factor, with a significant impact on both ABW 
and SGR, reinforcing its essential role in shrimp growth performance. Conversely, pH and 
dissolved oxygen (DO) did not exhibit significant partial effects. 
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