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Abstract 

Forecasting of water consumption is done to determine the management decisions and choices of 

investments for urban water management. The data is of a single family’s the annual water consumption. 

The data is cleared of the unusual fluctuations on few days due to external influences using the sampling 

methods. The various methods used for forecasting the future consumption are, the fuzzy c-means 

prediction, the BIRCH (Balanced Iterative Reducing and Clustering using Hierarchies) prediction model 

and mining - forecasting model. The comparison is based on the correctness of its prediction against the 

following years. The results highlight that using mining - forecasting techniques predict a more accurate 

solution compared to the other methods. The mining – forecasting method causes the least deviation of 5%, 

while the fuzzy c-means predicts with a 58% deviation and BIRCH causes 38%. 
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INTRODUCTION 

Around the world the water supply is a vast network. It helps industries, commercial areas, agricultural farms, 

residential buildings and many others. The requirement of water is uncertain since it is affected by weather making 

the distribution of water to all the sectors a challenge.[3] This change of demand is due to population changes and 

hydrological changes which causes severe drought and sometimes flood magnifying uncertainty.[1] The possibility of 

a warm year increases the dry periods of the same year. Approximately four degrees of global warming will be 

reached.[2] within the next century. In the recent past the unprecedented water consumption by residential area has 

caused severe drought conditions. This is due to the change in spatial patterns in storage of water which is always 

unpredictable. 

The supply and demand of water is greatly affected by the dynamics of water surface. The abundant storage of water 

in a sparsely populated city can be supplied to a densely populated city on demand. The challenge in supplying water 

for residential demand is a challenge itself.The cost of water transfer is increased when the distance is longer, due to 

change in water pressure and groundwater supply. There is a need of accurate water consumption forecast to reduce 

the complexity in water supply which in turncan reduce the cost of water on transport.[4]A common approach is to 

use small reservoirsto store water in different areas. This reduces water transport. It is the most efficient 

environmental method to do so. The main contribution of water forecast is to reduce the excess storage and more 

selectively understand that the difference between supply and demand can be reduced.  

In our method we will be using fuzzy c-means clusters, BIRCH Algorithm and an ML method for the same. It is 

understood that the ML method is more concrete and understands the demand better. 

Clustering algorithms are based on the Euclidean distance between the relative data. In fuzzy c-means clustering, the 

distance is fuzzified then the c means algorithm is performed; later, the data is the defuzzified to its original 

format.[7] The fuzzification and defuzzification of data is done using curve fitting algorithms. A curve fitting 

algorithm is selected based on the data dependency; in our case the S-curve is the most suited fitting algorithm.Using 

this algorithm,the water consumption can be predicted. Here,we use a multivariate fuzzy c means clustering method 

because there are lots of variables affecting the water consumption for residential sectors.[6]The number of cycles of 

operation for clustering is fixed and the number of iterations is proportional to the clustercount, hence increasing the 

time of operation drastically 

The next algorithm implementedis the BIRCH algorithm which is a hierarchical based iterative clustering algorithm. 

The hierarchy is based on the number of clusters. The number of clusters are again clustered into groups,making it a 

heap structure thereby reducing the number of traversals to reach a specified cluster.This algorithm overcomes the 
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time delay caused by the fuzzy c-means clustering algorithm. 

LITERATURE SURVEY 

The water consumption is based on various factors such as climatic conditions, the usage of the water, the number of 

members in the household and,etc.Hence, it is a multivariate component. Wen Zhang et al. put forward an approach 

to consolidate this multivariate component as a single unit using the matrix clustering. This helps convert the explicit 

information into implicit data; it can be used for the prediction algorithms as a single value which considers all the 

various factors tothose thateach is subjected to.[8] 

Pei Shi et al. recommend that we can perform the same operation of prediction using a nonlinear method for 

continuous generated data using K-medoids clustering. These nonlinear data have various conditions and assumptions 

which can slightly change a prediction higher for adopting a prediction method. It is similar to matrix clustering but It 

is rather time-consuming but achieves a better result.[5] 

The unsupervised clustering tends to be more accurate than a supervised clustering in a univariate prediction. Ming 

Tang et al. state that the unsupervised learning enhances the output of the prediction increasing the consistency, 

reliability and, stability of the predicted water consumption.[9] 

Yu Cheng Chien et al. reason that by using the clustering algorithms, it can be identify the various households which 

fall into the same range of all variated but may differ in the consumption of water  and also households with different 

variates but similar water consumption. From this prediction it is possible to find the inverse document to understand 

the differences and similarities between families based on water consumption.[10] 

Hoang Nguyen et al. state that the hierarchical clustering algorithm proves to be a more accurate solution compared to 

the fuzzy c-means algorithm which cause a great difference in the performance factors. The hierarchical model turned 

out to be a better solution because it reduces the number of iterations based on the hierarchy hence, reducing the 

number of traversals.[2] 

Dan Halbersberg et al. evince that by implementing sequential pattern mining and sequence clustering algorithms 

based on time,it is possible todecide the water consumption based on the distinctive changes compared to previous 

usage. It enables to predict the seasonal or climatic changes.[11] 

Chao Wang et al. describe that the water consumption of a household may only have a slight deviation from every 

other day usage. When there is a huge change of water consumption during consecutive days, it is easier to predict if 

the change is seasonal or permanent.[4] 

Zhou Xiangyu et al. suggest that linear regression algorithm groups similar users, based on water consumption and 

estimate them to have same properties. The changes in water consumption are sequentially based on seasonal changes 

mostly. The users have same consumption of water leading to the same deviation in various seasons and against 

similar variants.[6] 

Shilpa J Antonita et al. propose that the logic selection is done through Gaussian and Markov models leading to a 

better accuracy and reduced complexity for prediction. The combination of Gaussian and Markov models prove to 

have better solutions than that of any mathematical model for prediction.[1] 

PROPOSED METHOD 

The proposed method predicts water usage up to 2050 using the data of change in water usage for the years from 

2000 to 2007. The change in water need determines the overall water need deviation, so the anticipation of change 

must be done first. The prediction cannot be estimated after 2050 because the devices that consume water and the 

natural resource cannot be predicted. The cause behind the inefficiency in projection is the increase in global 

temperature and change is climatic change. The components of the proposed system are, gettingdate of projection as 

input, the estimate of consumption, the water usage distribution, and change in water necessity in the consecutive 

day.  

4.1 Prediction Estimation 

The water consumption estimation is splitas, relative increase coefficient, temperature saturation, stepwise increase in 

usage, and decrease in usage. 
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4.1.1 Relative Increase Coefficient 

Relative Increase coefficient (RIC) is an approximation using the Taylor’s approximations through the inverse of 

MLE of the water usage data, 

RIC    =     
 (𝑈𝑛−𝑈𝑎 )𝑥
𝑛=𝑎

𝑥−𝑎
  … (1) 

For all forms of approximation, the relative increase coefficient remains the same, for both Taylor series and Linear 

approximation 

4.1.2 TemperatureIncrease 

The increase of temperature determines the gradually increases water consumption in household. The gradual 

increase in temperaturealso affects water consumption. The calculation for temperatureincrease is calculated through 

Taylors expression. The temperature increase is calculated by solving the logistic curve equation,  

Ts  =  𝑇 ∗  1 + 𝑎 𝑙𝑜𝑔𝑒
−1 𝑏. 𝑡    … (2) 

where a,b are constants, and t is time. The three characteristic values 𝑈0, 𝑈1, and 𝑈2 leads to three time intervals, 𝑡0, 

𝑡1, and 𝑡2.in the equation. Hence the equation 2 becomes,  

Ts  =  
2𝑈0𝑈1𝑈2  − 𝑈1

2(𝑈0+𝑈2) 

𝑈0𝑈2−𝑈1
2   … (3) 

The temperature increase found can be used for further analysis of waterconsumption projection. 

4.1.3 Slowfluctuation in temperature 

The linear approximation techniques is used for calculating the fluctuation inusageof water till the temperature 

saturation is reached. They are widely used in the method offinite differencesto produce first order methods for 

solving or approximating solutions to equations.  

Taylor series as linear approximation is,  

f(x) ≈ 𝑓(𝑎)  +  𝑓′(𝑎)(𝑦 − 𝑎)   … (4) 

This is an optimal approximation for ywhen it is close toa; since a curve, when closely examined, will start to look 

like a straight line. Hence, the equation of the curve after a is same as the equation for thetangent lineto the graph of 

fat (a, f(a)). 

Due to this, the process is also called the tangent line approximation. The equation for usageincrease is as follows, 

Uproj = 𝑈𝑎𝑠𝑡 +  𝐵 ( 𝑝𝑟𝑜𝑗 –  𝑙𝑎𝑠𝑡 ) … (5) 

where B  =
𝑈𝑙𝑎𝑠𝑡 − 𝑈𝑓𝑖𝑟𝑠𝑡

𝑙𝑎𝑠𝑡  − 𝑓𝑖𝑟𝑠𝑡
  … (5a) 

Ufirst = the usage of the leastwater usage 

Ulast = the usage of the highestwater usage 

Uproj = the usageon the projected date 

    first  = the usage in first day 

    last  = the usage on the last day 

proj = the projected date 
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4.1.4 Decrease in usage 

When the usageis saturated, there will be a decrease in the usage at some point of the year with respect to the climatic 

changes. 

The equation for usage decline is, 

Uproj  =  𝑅𝐼𝐶 ∗ ( 𝑈𝑠 − 𝑈𝑙𝑎𝑠𝑡 ) ∗ 𝑐𝑙𝑖 … (6) 

where cli is change in temperaturedecline throughout the date of projection. 

4.2 Water Consumptioncomparisons 

The consumption of a watercannot remain constant since it has various factors affecting itThemeasure of water usage 

is an unstable consumption. The change in water usage is an important impact for water storage and transport. As a 

result of various studies of water consumption, the anticipation of change in water demand considering the usage can 

be subdivided into, curve for each household, ratio of total usage to total storage, prediction of total water demand, 

and classification of demand for each household. 

4.2.1 Curve for each household 

The water consumption data is available for years from2000 to 2007 for various households. Curve fitting for 

everyhousehold is essential tofind of deviation water consumption and similarities between them. The curve fitting is 

done by calculating the ratio between householdsand its usage for every day and the outcome is fit by a Gaussian 

curve.  

Figure 1: Change in water intake for different households 

 

The equation for the Gaussian distribution is,  

f (u| µ, s
2
) = 

1

 2𝜋𝑠2
𝑒
−

(𝑢−𝜇 )2

2𝑠2   … (7) 

where µ is the mean, s
2 
is the standard deviation. 

4.2.3 Forecast of total waterusage 

The ratio of total usageto daily usageof water for each day is result data, 𝑅𝑝/𝑓 . It fits in a Gaussian s-curve through 

which the forecastis done. The Gaussian curve is used for the total usage because of itsaccurate ratio rather than using 

the mean of all ratios. The result of curve fitting leads to the forecast to be least deviated from the actual usage.  

4.2.4 Classification of usage for separatehousehold 

The classification is done through the partition method. The sum of all individual ratios is the usage water ratio. This 

method has two calculations; to calculate the individual usage and calculate sum and divide it by the predicted total 

usage, 𝑅𝑡𝑝/𝑖𝑝  ; second, to multiply 𝑅𝑡𝑝/𝑖𝑝  and the individual forecast. Hence the equation for 𝑅𝑡𝑝/𝑖𝑝  is, 

𝑅𝑡𝑝/𝑖𝑝  =
  𝑝𝑈𝑠𝑎𝑔𝑒 𝑗    𝑗= 𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙  𝑜𝑢𝑠𝑒 𝑜𝑙𝑑  

𝑝𝑈𝑠𝑎𝑔𝑒 𝑡𝑜𝑡𝑎𝑙
 … (9) 

where p𝑈𝑠𝑎𝑔𝑒j = the usage predicted for householdj 
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p𝑈𝑠𝑎𝑔𝑒total= the usage predicted for all household 

The usage of individual household, di is derived from the equation,  

𝑑𝑖 =
𝑝𝑈𝑠𝑎𝑔𝑒 𝑖

𝑅𝑡𝑝 𝑖𝑝 
   … (10) 

From equation 10, the usage of individual household can be known with more accuracy. The equations are executed 

via programming modules written in Java. 

RESULTS AND DISCUSSION 

The proposed forecasting-mining method was verified with the fuzzy c-means clustering and BIRCH algorithm to 

predict the water consumption. The highest mismatch in predicting the water usage is caused by fuzzy c-means 

clustering, the next comes the BIRCH algorithm and, it is found that the forecasting-mining has the least mismatch in 

predicting the water consumption (in litres). 

From table 1, we can understand the increase in storage that is predicted and the cost of transport of water for that 

measure is very high for fuzzy c-means clustering, comparatively less for BIRCH and significantly less for the 

forecasting-mining technique.  

 

Table1: Predicting Water Consumption on a same day 
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From table 2, we can understand the excess amount of water being transported. The fuzzy c-means clustering has the 

highest transportation exess, comparatively less for BIRCH and significantly less for the forecasting-mining 

technique. 
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Table2: Excess in Water Transported 
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Table3: Percentage deviation in Water Consumption  
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From table3, we can understand that for fuzzy c-means clustering 58% of excess water is transported, for BIRCH 

38% of water is excessively transported and for the forecasting-mining technique only 5% of excess water is 

transported. The excess transportation cost along with storage cost for the excess water along with maintenance has to 

be spent to maintain the excess water which is unnecessary. 

Conclusion  

Water is one of the most important essentials in human life but it is also the host for multiple other organisms. 

Transportation of water, maintenance of water along with the precautionary measures for transporting water, 

balancing the dynamics of hydraulics is a huge challenge. Hence, using a better prediction algorithm can help u 

reduce the expenditure to a great level. The limitation of the system is that, since the temperature of every place is 

different, we ought to apply a different curve-fitting algorithm for every place. The system doesn’t take intoaccount 

the humidity and the rainfall levels of the place which could be important impact factors. Similar to these there are 

many more influencing factors that may not be considered here. 
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