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ABSTRACT 
 

Water inflow data is the main determinant of reservoir size. Water inflow is complex, 
influenced by rain, crops, soil and land use. Rainfall is uncertain in both time and 
space. Climate change increases the uncertainty of the rainfall. 
 
HuaiTha Koei Reservoir is located in Mae-Klong River basin, in the west of Thailand. 
Its construction was completed in 2001 and continually operated for more than a 
decade. Historical runoff data of 27 years was used to design the reservoir size. 
However, after 10 years of operation, the measurements show that there is a change 
in both quantity and distribution of inflow.  
 
This study applied the method of Phase Space Reconstruction (PSR) to forecast the 
inflow to the HuaiTha Koei reservoir. The same sets of monthly runoff data before the 
construction were used to forecast monthly inflow by using PSR method. While, the 
measured runoff data in the operation period of the reservoir between 2002 and 2013 
were used to compare and evaluate the method. It is found that the value of variable 

that controls the PSR model including embedding dimension (m), delay time () and 
nearest neighbor (K) are 15, 5 and 11 respectively. The comparison of the inflow 
between the model and actual measurement shows degree of consistency. The value 
of Correlation Coefficient (r) is 0.75, while the Efficiency Index is 54.04 and Relative 
Root Mean Square Error (Rel. RMSE) is 60.02. This PSR method can be effectively 
applied and used in conjunction with traditional inflow calculation method to forecast 
water inflow to revise the sizing of HuaiTha Koei Reservoir. 
 
Keywords: Phase Space Reconstruction (PSR), inflow, runoff, Climate change, 
HuaiTha Koei, Reservoir, Thailand. 
 
1. INTRODUCTION 
 
There are many ways to determine the size of a water storage reservoir. The 
traditional method is Graphical Method, which is developed by Rippl (1883) 
approximately 135 years ago. Others methods that are widely used are Simulation of 
Reservoir Operations and Optimization. All of these methods require runoff data to 
determine the appropriate size of reservoir. 
 
A well-designed reservoir must balance between water inflow and water demand. 
Design uncertainties occur due to the changing in rainfall pattern that will alter the 
water inflow into the reservoir.  
 
In the past, researchers have tried to study the methods to determine the inflow to the 
reservoir to obtain information on similar conditions as real as possible for the design 
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of a reservoir. Mutreja and Yevjevich (1978) studied the reservoir sizing in Oconto 
River, Wisconsin in the US. A stochastic process was used to determine the 
hydrological inputs. They found that stochastic process could be used to forecast 
future data that is related to the project life. Dimitris et al. (2001) used Seasonal 
ARIMA (SARIMA) which is a Stochastic Model to determine the runoff data. They 
found that in the past, most of the designers used only historical data to determine the 
size of reservoirs such as using Rippl’s Double Mass Curve Method. They used 
SARIMA model to generate monthly runoff data by using 19 years historical data. 
These generated runoff data was later used to design the size of reservoir in the 
Almopios Basin in Northern Greece. The results demonstrate that the SARIMA model 
can be used to generate runoff data set applicable for reservoir sizing design. 
 
HuaiTha Koei Reservoir is located in Ratchaburi Province in Maeklong Basin, 
Western Thailand (Figure 1). The construction of the reservoir was completed in 
2001. It has continually operated for more than a decade. In the operation period, it is 
found that the reservoir has faced both water shortages in dry season and overflow in 
rainy season. These problems are caused by an imbalance between reservoir size 
and water inflow. By comparing inflow before and after the reservoir construction, it is 
found that there are significant differences of inflow data in terms of quantity and 
distribution. This can be a major cause of mismatch between the size of reservoir and 
current hydrological conditions. 
 

 
 

Figure 1. Location of HuaiTha Koei Reservoir 
 

This study aims to seek an appropriate solution that can provide effective and 
accurate monthly inflow forecast with Phase Space Reconstruction (PSR) method. 
The forecast from PSR method will be merged with historical data in order to design 
an appropriate reservoir size. 
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1.1  Phase Space Reconstruction (PSR) 

 
Runoff is influenced by many uncontrolled factors. Especially, the rain, which is the 
direct source of runoff that flows into the storage, is uncertain both in time and space. 
In the past 20 years, the Deterministic Chaos theory has been extensively used to 
predict water inflow through Phase Space Reconstruction (PSR) method (Fraedrich 
1986; Jayawardena & Lai, 1994; Lin et al, 2009; Liu et al, 1998). 
 
Generally, the PSR method is used for water management purposes such as warning 
or decision support systems. Nonetheless, the emphasis of this study is to design the 
appropriate size of reservoir by using Phase Space Reconstruction (PSR) method to 
forecast runoff time series.  
 
The PSR can be done by finding the relationship between different runoff time series 
with delay time. The runoff time series can be created by placing the original time 

series Xi (i = 1, 2, 3… N) in a overlap delay time () with different dimension (m) (Multi 
– dimensional Phase Space). The Phase Space can be rebuilt as in equation 1 
(Packard et al, 1980; Takens, 1981): 
 

   Yj  =  ( Xj , Xj+, Xj+2, … , Xj+(m-1) )   (1) 
 

Where : j = 1 , 2 , … N-(m-1), m = dimension of vector, Yj= embedding dimension        

and = delay time. 
 
Equation 1 can be rewritten in a matrix form as following:  
 

 
 
The Phase Space Reconstruction (PSR) can be shown in m – dimension map, fT as 
the following: 
 

    Yj+T = T(Yj)     (2) 
 
Where, the Yj and Yj+Tmean the vector of dimension m which explains the status at 
time j (current stage) and j+T (future stage) consequently. From the equation 2, the 
unknown is fT can be estimated by using local approximation method. 
 
1.2 Local approximation 
 
A technique called K-Nearest Neighbor can be used to estimate the target function. 
There are two important steps of this local approximation technique (Farmer & 
Sidorowich, 1987). Firstly, distances of the nearest k are determined using the 
equation (3). Then, the average value of the distances within selected nearest values 
will be calculated. 
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𝑑𝑖𝑠𝑡 =  √∑ (𝑝𝑘 − 𝑞𝑘)2              𝑛
𝑘=1      (3) 

 
Where n is the number of dimension (attributes), pk and qk are, respectively, the kth 
attributes (components) or data objects p and q 
 

2. METHODS 
 
Study and analyze the variability and average values of runoff and inflow datasets 
that used to design the HuaiTha Koei Reservoir (Before the reservoir construction). 
 
Separate the monthly runoff time series into two datasets including (1) runoff dataset 
before the construction for further analysis and (2) measured runoff dataset after the 
reservoir construction for model validation 
 
Apply Phase Space Reconstruction (PSR) method to build relationship of runoff 
dataset (Before the construction). All three possible parameters including embedding 

dimension (m), delay time () and nearest neighbor (K) are tried in various 
combinations to generate new dataset that represents water runoff after the reservoir 
construction. The ranges of the three parameters are 2-15 for embedding dimension 

(m), 1-12 for delay time () and 1-15 for nearest neighbor (K). 
 
Compare each forecasted runoff dataset (after the reservoir construction) with 
measured runoff dataset by calculating the Relative Root Mean Square Error (Rel. 
RMSE) and searching for the set of parameters that give the minimum RMSE value. 
Figure 2 demonstrates the workflow of the study. 
 

 
 

Figure 2. Workflow of the study 
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Evaluate the results by using statistical parameters including Correlation Coefficient 
(r), Efficiency Index (EI) and Relative Root Mean Square Error (Rel. RMSE). The 
details of the calculation are: 
 
 
 
 
 
 
 
 
 
 
 
 
  Where, 

  

data ofNumber  N

runoff measured ofMean   Y

runoff Measuredi

runoffforecastofMeanX

on)constructireservoir(AfterrunoffForecastiX











 

 

3. RESULTS AND DISCUSSION 
 
It is found that the best combinations of PSR parameters that yields the minimum 

RMSE value is 15, 5, 11 for m,  and K, respectively. Moreover, with these 
parameters, the forecast inflow dataset is generated. Then, the related statistical 
parameters are determined which are the Correlation Coefficient (r) = 0.75, Efficiency 
Index (EI) = 54.04 and Relative Root Mean Square Error (Rel. RMSE) = 60.02 
 
Furthermore, by comparing the Variance and Mean Value between forecast and 
measured datasets, it is found that there are still significant differences in Variance, 
while the mean are indifferent at 0.05 significant levels. 
 

 
 
Figure 3. The comparison of forecast and observed runoff dataset by PSR method 
 
 

(4) 

(6) 

R = 

0.75 
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Figure 4. The scatter plot of forecasted and observed inflow data by PSR method 

 
Each parameter is analysed by fixing other parameters and compare its RMSE value 
as shown in Table 1 and Figure 5. Parameter “m” gives good results between the 
range m = 10-15, which shown the chaotic behaviour of yearly hydrologic circle. 

Moreover, the parameter “” gives reasonably result at the value of  = 3, 7 and 11 
which are similar to sine function. This indicates the seasonal trend in the yearly 
runoff data. For the parameter “K”, it is found that the best range of K value is at 5. 
The K value below 5 is not sufficient enough to estimate the target function. While, 
the K value above 5 does not necessary provide better results. 
 

Table 1. RMSE results at different parameters 
 

 
 

 
 

Figure 5. Relative RMSE results at different parameters 
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4. CONCLUSIONS 
 
The monthly inflow runoff, forecast by PSR method depends on dimension (m), delay 

time () and nearest neighbor (K). Parameters in each basin is unique and depends 
on the characteristic of runoff. Thus, selecting the right parameters is important. 
 
Using the maximum value of parameters does not always provide the best results. In 
this study, the parameters that give the best results of forecasted inflow for the Huai 

Tha Koei Reservoir are 15,5,11 for m ,  and K respectively.  
 
The modified runoff time series will be used in reservoir sizing of HuayTha Koei 
reservoir. This method optimises the storage for multi-purpose reservoir. By using the 
Phase Space Reconstruction (PSR) method in reservoir design process will provide 
the runoff trend in the future to consider while the original only consider the historical 
data. As a result, the changes in meteorology and hydrology can also be taken into 
account in the reservoir design process through PSR method. 
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