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Abstract

Flow duration curve represents the percentage of time that a river flow is equal to or greater. As these curves provide a direct
response to the behavior of water resources in a basin, which is used widely in hydropower projects, it is important to predict
flow duration curves in no metering basins, named “ungagged basins.” The geostatistical approach to predict the values of
these curves in non-measured stations shows the expansion of the range of studies in this topic. The aim of this study is to
predict the flow duration curve over long periods of time in a basin with ungauged regions using probability kriging, inverse
distance weighting (IDW) and maximum likelihood (ML) methods. Flow data from 38 flow measuring stations in the Dez
Basin were used to map different discharges of the flow duration curve, and as a result, in order to complete their values,
zone and quantify them, three different values of Q,,, O5, and Qy, of the flow duration curve acquired. The results show that
as the flow rate increases (or the time percentage decreases), the amount of computational error increases and in all cases,
the probability kriging method has a smaller error (0.96) than the IDW (1.65) and ML (1.15) methods.

Keywords Flow duration curve - Geostatistical approach - Hydropower generation - Inverse distance weighting - Maximum

likelihood method - Probability kriging - Ungauged basin

Introduction

The flow duration curve (FDC) is the percentage of time
or duration that a river’s flow over a historical period, is
equal to or greater. This curve, as a signature of hydrological
behavior of a basin, is used as an indicator of climate,
morphology, soil permeability and other factors. FDC
represents the characteristics of a basin based on the amount
of runoff from a specific point of the river. This curve shows
the frequency of occurrence of different amounts of flow at
a specific point, which is widely used in the management of
hydropower projects (Goodarzi et al. 2020). So is of great
importance in the hydrological study of the basin. Flow
continuity curves are used to investigate several hydrological
issues related to hydropower generation, hydropower
projects management, river and reservoir sedimentation,
water quality assessment, water use assessment and water
allocation. The FDC’s parameters are different in various
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river flows. The most important indices of low flows derive
from FDCs parameters, such as Q;s, Qg Qg and Qys. In
addition to FDC, low-flow frequency curves display the ratio
of years, which the discharge exceeds (in other words, Q10
is the most commonly used indices in the USA. (Goodarzi
et al. 2022).

In many parts of the world, there are many basins where
the discharge has not been measured regularly and accurately
or it has not been measured at all. They are called ungauged
basins. FDCs are one of the useful and applicable ways to
estimate and compare the river parameters. In 2021, six
indices were extracted and used from FDCs. The parameters,
which are called signatures are as follows: runoff ratio (RR),
high-segment volume (FHV), low-segment volume (FLV),
mid-segment slope (FMS), mid-range flow (FMM) and
maximum peak discharge (DiffMaxPeak). These signature
indices are extremely important because they act as sorts
of fingerprints representing differences in the hydrological
behavior of the basin (Fatehifar et al. 2021).

In order to achieve major advances in the field of
forecasting in ungauged basins, many researchers focused
on analyzing and forecasting in basins where discharge has
not been measured or in some cases did not have enough
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measuring stations. Sivapalan in collaboration with the
International Association of Hydrological Sciences (IHAS)
conducted statistical analysis. In their studies, they pointed
to new and innovative methods for hydrological forecasting
in ungauged basins in different parts of the world with a
significant reduction in forecast uncertainty and showing
the value of data on the results required for forecasting in
unexplored basins (Sivapalan et al. 2003). Investigation
of regional flow duration curves based on reliability for
ungauged basins was another study that used statistical,
parametric and graphical methods of data from 51 stations
to estimate ungauged areas. The results of mean error
of these three methods were compared with each other,
among which the statistical method showed the best results
(Castellarin et al. 2004). In a similar study, ungauged
basins in eastern Italy were investigated by regionalizing
the stochastic flow index model using regression method,
and the Nash—Sutcliffe efficiency coefficient (NSE) was
obtained for different basin parameters (Castellarin et al.
2007). Mohamoud (2008) stating that the methods based
on flow duration curves are a great step for flow prediction
in ungauged basins, applied the multiple regression
method for the curve continuity of daily and monthly flow
by analyzing data from 29 basins in the US Appalachian
Plateau and calculated Nash efficiency coefficient. In
2010, Li et al. proposed a regional method called the index
model describing a wide range of functions either linear or
nonlinear, which prevents possible errors usually occurs as
a result of using normal linear regression. By predicting
flow continuity curves in 227 basins on the southeastern
Australia using the index model and comparing the results of
regional models with linear regression, nearest neighbor and
hydrological similarity, they concluded that the index model
had the most accurate prediction with the highest efficiency
coefficients; hence, it is followed by linear regression
method (Li et al. 2010). The flow duration curve for 379
discharge stations was analyzed using linear regression and
random forest methods in a region in New Zealand, and the
results showed that the probability distribution functions
method is the most accurate method for estimating flow
duration curves at unexplored and ungauged sites across
New Zealand. Subsequent study shows that geostatistical
methods have replaced regional regression methods to
estimate the flow duration curve (Booker and Snelder 2012).
In a study conducted by (Castellarin 2014) in two regions
in Italy, the flow continuity curve was interpolated using
kriging geostatistical method, and the results showed that 3D
kriging is a reliable and robust approach that works better
than traditional regional models. In particular, this approach
works significantly better than conventional methods for
predicting low currents (currents with long duration) in
ungauged basins. In a basin in eastern Italy, the flow duration
curve was standardized with the annual average flow index
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through examining the data of 18 flow measuring stations,
and the total negative deviation of the curves from this, the
value is calculated. These values are then obtained using
the kriging method to express the hydrological similarity
between interpolation basins and the Nash efficiency
coefficient, which was a proof for proper performance of
the kriging method (Pugliese et al. 2014). Kriging and
regression methods were compared using available statistics
for 182 stations in South America, and concluded that these
two methods have similar performance by comparing it
with Nash efficiency coefficient (Pugliese et al. 2016). In
another similar study conducted on the Danube basin, it
was concluded that comparing the kriging geostatistical
method with the regression method and calculating the
Nash efficiency coefficient, the kriging method has a higher
accuracy (Castellarin et al. 2018). Researchers achieved
new and applicable methods to estimate parameters, which
are used to estimate the river flow. Niazkar et al. introduces
a new straightforward flow-dependent scheme, which is
capable of estimating the Manning’s coefficient due to
grain and form roughness (Niazkar et al. 2019) estimating
Manning’s coefficient due to grain and form roughness, is
introduced. A large data are utilized to calibrate and testify
the new scheme.

Worland et al. (2019) interpolated the flow continuity
curve for all parts of the southeastern United States using
Copula theory, with 74 stations, and concluded that Copula
approaches will achieve better performance compared
with previous methods based on the flow curve. Through
a national project in Brazil, meta-basin data including 81
measuring stations in an area of 96,000 square kilometers
data in places without measuring stations or stations with
incomplete data were investigated with the support of the
Brazilian National Water Agency and were interpolated
using kriging geostatistical method to extract data for the
required points. They also compared Kling—Gupta efficiency
(KGE) values among the results of kriging and regression
geostatistical approaches and concluded that geostatistical
models outperform regression methods (Wolff and Duarte
2021). Researchers have investigated the new and more
powerful methods like genetic programming and artificial
neural networks. By introducing an equation with four
parameters and application of ensemble machine learning
(ML) as well as ensemble empirical models, the aspects of
improving the accuracy, modifying the simple rating curve
equation was investigated and declared that the machine
learning simple average ensemble models and the empirical-
based nonlinear ensemble models achieved the lowest root-
mean-square error as well as mean absolute error (Niazkar
and Zakwan 2023).

However, recent studies show that predicting flow
duration curves in basins with low or no metering is
important. The lack of statistics in basins without stations
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has seriously challenged researchers and, in many cases, has
discouraged them from continuing the research process on
these issues. On the other hand, geostatistical approaches
are of proper effectiveness. The geostatistical approach
to predict the values of these curves in ungauged stations
shows the expansion of the scope of studies in this field of
research and along with the expansion of research fields with
geostatistical approaches, the diversity of these methods
can also be a challenge for the users of these approaches.
Geostatistical methods perform better than regression
methods.

In this paper, using the kriging geostatistical method and
IDW method, the flow duration curve in Dez river basin
in the South West of Iran is interpolated, and error values
are calculated and compared with each other. To examine
the correlation of geostatistical methods and evaluate them,
maximum likelihood relationships have been used, and the
errors were compared with the geostatistical approaches.

The 7Q10 index approached 0.008 m?/s and zero for
the SDSM model and change factor, respectively, for the
future period; these values were 0.724 and 1.429 m?>/s in the
corresponding historical periods, respectively. Furthermore,
Q80 decreased from 4.27 to 0.1 for SDSM and from 5.3 to

0.3 m3/s for the change factor method in future projection
studies.

Materials and methods
Study area

Dez river basin is located in the west and southwest of Iran.
This basin is a grade 3 basin and a subset of the large Karun
basin. The Dez Basin is also in a larger subdivision under the
Persian Gulf and the Sea of Oman. Dezful, Andimeshk and
Shoush can be mentioned as important cities in this basin. In
the highlands of the western and southwestern slopes of the
Zagros, which are part of the rainy regions of the country,
most of the rainfall in the autumn, and winter is snow and
their melting from late winter to late spring provides most of
the annual surface runoff water. The basin is located in the
range of longitude 32° 35’ to 34° 7' north and geographical
slope of 48° 20" to 50° 20’ east in Lorestan and Khuzestan
provinces. Figure 1 shows the shape and geographical
location of the Dez Basin.
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Cezar and Bakhtiari are the two main tributaries of the
Dez River. The Cezar River flows in the north part of the
Dez Basin and consists of three tributaries: Marbare, Tire
and Sabze. The joining of several waterways, including the
Aznariver in the Aligudarz region, forms the Marbare river,
which flows westward toward the city of Dorud in Lorestan
province. This river drains a high but moderate slope
catchment. The other tributary of the Cezar river is called
the Tire river, which consists of the tributaries of Galerud,
Silakhor, Absardeh and Biatun. The source of the Tire river
is Boroujerd region and then this river flows in the east
toward Dorud and here, the two rivers of Tire and Marbare
join. From here, the direction of water flow is generally from
north to south and southwest. 20 km south of Dorud, the
Sabze river, which originates from the southern and western
slopes of Oshtrankooh, is connected to this stream and the
Cezar river is formed. About 25 km south west, the Vask
river, and a short distance from the left bank, the Zaz river
joins the Cezar river and continues in a southwest direction.
The small Sorkhab river also joins the Cezar river from the
right bank.

Bakhtiari river is the second main tributary of Dez river,
which joins the Cezar river 40 km south of Sorkhab river.
The Bakhtiari river originates from the southern heights of
Oshtrankooh and initially flows as a river called Daredaei
in the general direction from northwest to southeast. Then,
after receiving water from the smaller tributaries, the river
changes direction to the west, and in this part it is known as
Zalaki. It then gathers with a relatively large tributary that
joins it from the north and joins the Cezar river, after which
it flows into the Dez river. Location of important rivers of
Dez basin is shown in Figure 1.

Table 1 shows the characteristics of stations in the
region, including geographical location, altitude and year
of establishment. From the year of establishment of each
station, the number of recorded statistical years can be
understood.

Investigation of spatial variations by kriging
geostatistical method

One method of estimation is based on the logic of weighted
moving average. Kriging is a geostatistical method of
interpolate the data based on spatial variance. In kriging,
spatial variance is known as a function of distance, and this
estimate is defined as follows.

Z(8y) = ix,z(s,.) (D)

where Z(S,) is the measured value for the i sample, 4, is the
weight of the i sample, S, is the prediction location and N is
the number of values measured (Castellarin 2014).
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In the kriging method, each known sample in estimating
the unknown point depends entirely on the spatial structure
of the environment. In other methods, the weights depend
only on one geometric characteristic, such as distance,
and do not change as the spatial structure of the specimen
changes, and as the spatial structure weakens, the role of the
specimen decreases. In other words, the amplitude of the
effect of the known variable on the unknown points depends
on the maximum and minimum distance of the samples, so
in using this method, the spatial distribution of the samples
and the range of their effect must be considered. There are
several methods for estimating values based on kriging:

Ordinary kriging The most common and widely used
method among various available methods is ordinary kriging
interpolation model. In this method, it is assumed that the
constant mean is uncertain and will be justified until a
scientific reason is found to reject it.

Universal kriging In cases where the trend is observed in
the statistical community, and we have to remove the trend
from the data for kriging operation, another way is to use
general kriging. General kriging assumes that there is a trend
in the data, but its function is not fully understood.

Simple kriging In this method, the average of the desired
variable is known. However, the assumption that the mean
is independent of the coordinates, and that there is no trend
must be maintained.

Indicator kriging This method can also be used for
samples in which the observations are 0 or 1. For example,
we can have a sampling that contains information such
that the sampled point is a forest dwelling or a non-forest
dwelling, in which the binary variables indicate the sample
membership class. Using binary variables, marker kriging
proceeds exactly to normal kriging performance.

Probability kriging Possible kriging tries to do the same
as index kriging; yet, this method uses the same kriging in
an effort to create something better.

Disjunctive kriging Kriging is an indicator of a special
case of probable kriging. In the field of statistics, both the
value and the indicator can be predicted by discrete kriging.

In this paper, the probability kriging method is used to
measure and internalize information related to the flow
continuity curve.

Flow duration curve

Flow duration curves (FDCs) represent the indicators of
a catchment based on the amount of water flow from a
specific point of a waterway or river. On the other hand,
since they show the frequency of occurrence of different
amounts of flow at a specific point, provide data on the
flow characteristics of a river for a selected area under all
recorded flows in the river. In addition, with the help of
flow continuity curve, the percentage of availability time
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Table 1 Characteristics of

L . No Station Village Establish Year Height (m) Latitude Longitude
stations in the region
1 Cheshmak Bar-Aftab 2011 1240 230,928 3,679,598
2 Afrine Afrine 1955 800 769,005 3,689,844
3 Doab Visian Doab Khoramabad 1966 950 775,555 3,709,825
4 Sirian Sirian 2011 1210 229,563 3,678,530
5 Poldokhtar Poldokhtar 1955 700 753,457 3,672,530
6 Arine Kashkan Damrud 1955 820 769,392 3,691,735
7 Doab visian-kashkan Doab visian 1966 950 775,393 3,710,068
8 Baraftab Kalat Zivdar 1970 780 762,227 3,688,702
9 Kamalvand Kamalvand 2008 1310 262,173 3,706,139
10 Bahramju Bahramju 2004 1260 248,719 3,718,319
11 Cham anjir Cham anjir 1954 1140 243,793 3,703,865
12 Chenar khoshke Chenar khoshke 1988 1420 268,948 3,693,397
13 Sarab seidali Doab 1954 1530 241,410 3,741,978
14 Daretang kahgan Daretang 1989 1730 248,308 3,758,413
15 Dehno Pol haru 1969 1770 294,052 3,709,844
16  Kakareza-Haru Kakareza 1954 1550 245,870 3,734,458
17 Tang siab Zirtang 1970 940 705,220 3,696,730
18  Noorabad Noorabad 1967 1800 774,234 3,775,261
19  Kakolestan Kakolestan 1995 2000 377,356 3,668,193
20  Sagane Gholian Kakolestan 1982 1750 376,977 3,668,937
21 Kazem abad Bakhtiari Khab Behtie 1981 2000 377,983 3,668,647
22 Cham Chit Cham Chit 1955 1290 310,802 3,695,109
23 Keshvar Keshvar 1962 770 279,696 3,668,828
24 Tang Mohammad Haji ~ Absardeh 1985 1500 291,996 3,735,254
25  Tape Chagha Pai Chagha 2002 1552 289,364 3,753,620
26 Bayatun Bayatun 1974 1600 312,931 3,731,400
27  Merok-Dokhaharan Merok 1971 1540 319,533 3,726,374
28  Dorud-Tire Dorud 1955 1450 319,999 3,705,842
29  Rahimabad-Silakhor Rahimabad 1974 1490 296,084 3,739,789
30  Galerud Galerud 1968 1970 278,678 3,753,894
31  Sazman Aab Borujerd 2001 1560 289,130 3,753,502
32 Daretakht-Marbare DaretakhtSofla 1958 1820 349,777 3,694,703
33  Dorud-Marbare Marbare 1955 1450 320,384 3,705,681
34 Vanayi-Sarabsefid Sarabsefid 1972 1970 277,989 3,755,236
35 Chamzaman-Azna Daretakht 1961 1870 350,853 3,695,734
36  Daretakht Daretakht olya 1955 1940 348,619 3,691,702
37  Kamandan Kamandan 1967 2050 353,524 3,686,081

of each flow rate can be easily obtained. The symbol Q
with an index from 0 to 100 is used to indicate the flow
continuity curve. Daily, weekly or monthly flow values
can be used to generate the flow continuity curve. Flow
continuity curves formed using long-term flow data are
more reliable and convenient due to their application. Qys
and Qg currents are considered as low-flow indicators in
academic works and public studies in different regions
of the world. The most important advantage of flow
continuity curve analysis is that it has a wide range of
applications. In addition, different flow rates are proposed
for different ecological processes.

The Tennett (Montana) method is the most common
method of assessing ambient flow due to its rapid use.
This method is the result of Tennett observations in 11
different rivers in Montana. During the study of the
river, the Tennett of the river was studied physically,
biologically and chemically. As a result of these
observations, Tennett presented a graph that includes
different average annual flow rates to protect river
ecosystems and provide suitable living conditions for fish.

@ Springer
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Investigation of flow duration curve parameters

Daily discharge data in 38 discharge measuring stations
from Dez catchment area have been obtained from
Lorestan and Khuzestan Regional Water Company. These
data are between 25 and 60 years old, depending on the
station age, access conditions, maintenance services and
station location. The flow continuity curve was plotted
using FDC 2.1 model using all available data, and the
value of Oy, was extracted from. The reason for including
Qg for this basin is that some of the passages of this
basin have not always been full of water during different
times and even without water on some days. On the other
hand, very few discharges have been obtained to study the
climate of the basin in droughts. For this reason, Qy, is
used, which indicates the amount of flow that is equal to
or more than 90% of the time. They have been performed
by geostatistical methods.

Flow duration curve interpolation by probability
kriging method

To calculate Qq, in places that do not have enough
information or generally do not have a flow measuring
station, the interpolation method is used using the
probability kriging method. Data from 38 stations were
used for interpolation. In fact, these data were used by
drawing the daily flow continuity curve including daily
discharge data of discharge stations for a minimum of 25
years and a maximum of 60 years of available statistics for
these stations. Eventually, interpolation was performed in
the whole basin using the Geostatistical Analysis plugin in
ArcGIS 10.6 model based on this data.

Inverse distance weighting (IDW) interpolation

To compare the results of different geostatistical methods,
the values of flow rates of the flow continuity curve were
measured using the inverse distance weighting method and
their error was obtained. The following are diagrams of both
probability kriging and inverse distance weighting methods.

The inverse distance weighting method is a definite
exact geostatistical method that are interpolated by default.
This interpolation method has various features, including
simplicity and comprehensibility, ease and speed of
calculations and lack of need for preprocessing data and
basic assumptions.

Since the spatial relationship of the sample pair values is
not a simple decreasing relation in terms of distance, a power
is considered for the inverse distance method. Relationship
used in this method is (Barbulescu 2016):
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=)y 2)
i=1
where

1 a
(5)

Wi = W (3)
=1 d;
where Z is the measured value and by weighting w is
inversely proportional to the spatial distance. In this
paper, the flow continuity curves are calculated using
two geometric methods of probability kriging and inverse

distance weighting, and the error values are compared with
each other.

L

Maximum likelihood estimation

In statistical science, estimating maximum likelihood
is a method for estimating the parameters of a statistical
model. When operating on a set of data, a statistical model
is obtained, then the maximum likelihood can provide an
estimate of the model parameters. The maximum likelihood
method is similar to many known statistical estimation
methods. Suppose that information about height is important
to us in a population and we cannot measure height of
individual due to limitations. On the other hand, we know
that these lengths follow the normal distribution but do not
know the mean and variance of the distribution. Now, using
the maximum likelihood with data from a limited sample
of the population can provide an estimate of the mean and
variance of this distribution. This is done by ignoring the
variance and the mean and then assigning values to them
that are most likely given the information available. In
general, the maximum likelihood method for a given set of
data is to assign values to the model parameters, resulting in
a distribution that most likely attributes to the observed data,
i.e., values of the parameter that maximize the likelihood
function. Here, a clear estimation mechanism is provided,
which works well for the normal distribution and many
other distributions. Yet, in some cases problems arise, such
as whether maximum likelihood estimators are inadequate
or non-existent.

Results and discussion

Basin data including daily discharges recorded at stations
were analyzed using FDC2.1 model, and Qy, values were
obtained. These values were then interpolated using
ArcGIS10.6 model using geostatistical methods, and the
zoning map was drawn. Figure 2 shows the zoning diagrams
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Fig.2 Qg value zoning diagrams based on IDW method (a) and kriging method (b)

based on the probability kriging methods and the inverse
distance weighting method for Q. In Fig. 2, we can notice
the spatial interpolation and distribution of Qy in the basin,
which helps us to estimate Oy, in ungauged stations.

The root-mean-square error (RMSE) obtained in the
probability kriging method is less than inverse distance

weighting method. This error is 0.85 in the probability
kriging method and 0.95 in the inverse distance weighting
method.

Having examined and compared other flows of the flow
continuity curve, the errors obtained by each method in
different flows can be analyzed. Figure 3 shows the zoning
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Fig.3 QOjs, value zoning diagrams based on IDW method (a) and kriging method (b)
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diagrams for Qs values with probability kriging and inverse
distance weighting methods.

Similarly, Fig. 4 shows the zoning diagrams for Q,
values with probability kriging and inverse distance
weighting methods.

From Figs. 2, 3, and 4, we can notice the areas that have
higher Qqg, Q5 and Q.

The researchers who have investigated in the same field
have argued that low flow in FDCs vary from 70 to 99%.
The authors used the FL (frequent low) method, which
is one of the five low-flow managing approaches used in
St. Johns River in Florida. In order to achieve that, first,
the 7Q10 values fit intense low-flow situations occurring
95-99% of the FDC, which shows that it happens over severe
short-term dry years and drought and has a wide recurrence
interval. Besides, the FL approach is within the low-flow
selection range, so FL levels have considered low-flow
effects (Goodarzi and Faraji 2022).

Table 2 shows the error values of the kriging and inverse
distance weighting methods for different flow rates of the
flow continuity curve. In this table, the error changes can be
compared with the change in flow rate.

The results, as the discharge index in the flow continuity
curve decreases, which is an indicator of high discharges
and occurs during floods, the amount of computational
error also increases; however, the error rate of probability
kriging method in all cases is less than inverse distance

Table 2 Comparison of the root-mean-square error of the three meth-
ods for different flows in the flow duration curve

RMSE
Probability kriging IDW Maximum
likelihood
Oy 0.85 0.95 0.87
0Oso 0.97 1.92 1.02
0o 1.07 2.08 1.57
Mean 0.96 1.65 1.15

weighting method. Figures 5, 6 and 7 compare the error
diagrams obtained through kriging, IDW and maximum
likelihood methods. Each figure compares two methods
with each other, and the R? coefficient shows the
relationship between the two methods.

Figure 5 compares the error diagrams obtained through
probability kriging and maximum likelihood methods with
the R-square coefficient of 0.98, which shows a very good
relationship.

Figure 6 compares the error diagrams obtained through
probability kriging and IDW methods with the R-square
coefficient of 0.91.

Similarly, Fig. 7 compares the error diagrams obtained
through IDW and maximum likelihood methods with the
R-square coefficient of 0.93.
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b. Kriging Method

Fig.4 Q,, value zoning diagrams based on IDW method (a) and kriging method (b)
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Fig.5 Comparison of error
diagrams of maximum
likelihood method with kriging
method (R*=0.98)

Fig. 6 Comparison of error
diagrams of kriging method
with IDW method (R?=0.91)

Fig.7 Comparison of IDW
method error diagram with
maximum likelihood method
(R*=0.93)
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Conclusion

In this study, a method has been used to evaluate the
network of discharge measuring stations in Dez area
based on probability kriging geostatistical model as well
as inverse distance weighting model. The interpolation of
geostatistical methods was done using ArcGIS model and
after statistical analysis of the data, they were checked
to be normal. Thirty-seven stations were examined, and
the results and errors obtained from different terrestrial
methods came from the output of the software prepared
and compared with each other. As shown in Table 2,
the kriging method has the best performance with the
mean RMSE of 0.96, which is less than other methods.
Furthermore, to evaluate the performance of different
geostatistical approaches, the errors obtained through both
methods are adjusted and compared with each other using
a maximum likelihood relationship in Table 2. Moreover,
the error values of all three methods, probability kriging,
inverse distance weighting and maximum likelihood are
shown in pairs. For better comparison, it is possible to
compare the errors of these methods are provided using
line fitting through the data and determining the R-square
coefficient (R?). The results show that probability
kriging and maximum likelihood methods with R-square
coefficient of 0.98 have the highest correlation with each
other, and the inverse distance weighting method has a
relatively good correlation with probability kriging method
with R-square coefficient of 0.91 and good correlation with
the maximum likelihood method with R-square coefficient
of 0.93. Besides, comparing the errors of probability
kriging methods and the maximum likelihood, it can be
seen that in the low error rate that occurs in lower flow
rates, the correlation rate of the graph is higher than the
higher error rate.
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