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Abstract: Only a few scientific research studies, especially dealing with extremely low flow
conditions, have been compiled so far, in Greece. The present study, aiming to contribute in this
specific area of hydrologic investigation, generates synthetic low stream flow time series of an
entire calendar year considering the stream flow data recorded during a center interval period of
the year 2015. We examined the goodness of fit tests of eleven theoretical probability distributions
to daily low stream flow data acquired at a certain location of the absolutely channelized urban
stream which crosses the roads junction formed by Iokastis road an Chrisostomou Smirnis road,
Agios Loukas residential area, Kavala city, NE Greece, using a 3-inches conventional portable
Parshall flume and calculated the corresponding probability distributions parameters. The
Kolmogorov-Smirnov, Anderson-Darling and Chi-Squared, GOF tests were employed to show
how well the probability distributions fitted the recorded data and the results were demonstrated
through interactive tables providing us the ability to effectively decide which model best fits the
observed data. Finally, the observed against the calculated low flow data are plotted, compiling a
log-log scale chart and calculate statistics featuring the comparison between the recorded and the
forecasted low flow data.

Keywords: artificial time series; discrepancy ratio; goodness-of-fit tests; low flow data;
conventional Parshall flume; drought

1. Introduction

Artificial stream flow time series generation is a means of paramount importance in hydrology
and water resources management in order to handle efficiently precarious or doubtful situations,
pertinent to a natural watercourse’s flow regime, associated particularly to a short period of stream
flow rate data acquisition. The increasing water demands worldwide, caused primarily by the global
population increase and exacerbated by the water scarcity due to the climate change, especially in
North-Eastern Europe, gives significant prominence to the wise use of the available water resources,
showcasing stream flow rate monitoring as a factor of paramount importance with the view to
design water storage reservoirs and other water resources management infrastructure works.

Therefore, the necessity to minimize dubiety and ambivalence in estimating the flow regime of
a natural watercourse constitutes a challenging task in the sector of hydrology and water resources
management. This difficulty can only be adequately worked out employing artificial stream flow
time series generation procedures and techniques.
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The daily low stream flow rate data was acquired during part of July, August and part of
September 2015, until the 12th of September 2015, when unfortunately an extreme flash flood event
destroyed the apparatus used,

The eleven specific probability distributions used in this study were the following: (1) Gumbel
min (Minimum Extreme Value Type 1) distribution, (2) 3-Parameter Log-Normal distribution, (3)
Pearson Type 5 distribution, (4) Pearson Type 6 distribution, (5) Two-Parameter Weibull
distribution, (6) Kumaraswamy (4P), (7) Gen. Logistic (2P), (8) Burr (4P), (9) Burr (3P), (10) Wakeby
(5P) and (11) Dagum (4P) distributions.

2. Literature Review

Numerous studies and reviews have been carried out in the field of low flows, handling
different subjects such as the fit of theoretical probability distribution functions on observed low
stream flow rate data, surface runoff and groundwater exchange relationships, watershed drought
management, hydrological low-flow and drought indices estimation, watershed water budget and
balance compilation, evapo-transpiration estimation, daily stream flow variation computations,
in-stream environmental stream flows calculation etc. [1-16].

3. Materials and Methods

3.1. Study Area

The stream flow rate gauging station, which was established nearby the junction formed by
Iokastis and Chrisostomou Smirnis roads, Kavala city, Greece, a coastal city, located at the north of
the Aegean Sea, across the Thassos Island. It is surrounded by the Lekani mountain series branches
to the North and East and the Paggaion Mountain ramifications to the West, (established in the
proximity of the city urban web center and at the north exit of the city as well). More precisely, it is
located at the specific co-ordinates 40°55'57.70" N and 24°23'19.74" E, Kavala city area, and operated
continuously, spanning a time period from 25 July 2015 to 11 September 2015, as illustrated in Figure
1.

lokastis & Chrisostomou Smirnis (3"-Inches Portable Cony "mervnia

Peetable Cormventional Parshall Flume)

Figure 1. 3"-Inches Portable Conventional Parshall Flume gauging station, liokastis & Chrisostomou
Smirnis roads junction, Kavala city, Kavala city, Greece.

3.2. Sample Collection and Data Used in This Study

A total number of 49 individual stream flow rate (discharge) measurements were performed
within 49 consecutive days, between 25 July 2015 to 11 September 2015, during which a thorough
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presentation of the methodology and procedure followed up was analytically supplied, whereas, all
of them were recorded and uploaded on the first author’s personal Youtube platform web-site,
namely, “Thomas Papalaskaris”. The first stream flow rate (discharge) measurement (25 July 2015)
lasted 50":13", and the last one (11 September 2015), respectively, 20":48" sharp.

In accordance with the recorded observations of the only available private meteorological
station located at Dexameni area, Kavala city, Greece, Kavala city received total monthly rainfalls as
following: 61.40 mm during July 2015, 40.00 mm during August 2015, 96.80 mm and during
September 2015 (198.20 mm in total respecting the three months) respectively. The recorded stream
flow rate (discharge) (denoted by the thin light blue-colored continuous line) and the observed
rainfall (denoted by the dark blue-colored vertical bars) during the time period 25 July 2015 and 11
September 2015 are simultaneously illustrated within Figure 2.

Iokastis Stream Low Daily Stream Flow Rate (25.07.2015-11.09.2015)
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Figure 2. Recorded stream flow rate at Iokastis Stream, Kavala city area, 3"-Inches Portable
Conventional Parshall Flume, gauging station vs. observed rainfall at Dexameni area station, Kavala
city, Greece.

3.3. Sample Analysis and Checking the Goodness of Fit

Mathwave EasyFit and StatAssist software (version 5.4) packages were employed to estimate
the best probability distribution (based on the Anderson-Darling, Chi-Squared and
Kolmogorov-Smirnov goodness-of-fit criteria tests), together with the associated parameters, fitting
the daily lowest stream flow data, as well as the goodness-of-fit of all the other candidate probability
distributions.

Moreover, after having calculated the parameters of the examined probability distributions, we
generated, (employing Mersenne Twister random number generator), a sequence of high quality
random numbers for each individual candidate probability distribution with the same parameter
values to the original calculated ones. The Kolmogorov-Smirnov test (KS-test) tries to determine if
two datasets differ significantly, whilst, it has the advantage of making no assumption about the
distribution of the data (technically speaking it is non-parametric and distribution free). MS Excel
software is employed in order to plot the real observed (recorded) against the artificial (generated,
forecasted) low stream flow rate (discharge) data. The calculation of eleven examined candidate
probability distribution estimates are of paramount importance as they enable us, by assigning
different specified scores, according to their goodness of fit performance, to evaluate which is the
most appropriate one simulating the recorded stream flow rate values. The goodness of fit tests are
performed in order to evaluate which distribution fits to the low stream flow rate (discharge) data
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series in the best possible way. The values of Anderson-Darling statistics, Chi-square (x?),
Kolmogorov-Smirnov (D) respectively are computed and illustrated within Table 1, for the entire
low stream flow rate (discharge) time series data. It should be underlined that, employing an
improvised scoring system, the superscript number makes reference to the order ranking of the
probability distribution which best fits the low-flow time series data, ranging from 1 (the best one) to
3 (the worst one). Further, the ranking score values of numbers 3, 2, and 1, are, inversely assigned to
the already given, (as above mentioned followed procedure), ranking scores 1, 2, and 3
correspondingly, in order to assess the highest final goodness of fit score obtained for each candidate
individual probability distribution, determining, as an outcome, the best one which best fits the
observed low stream flow rate (discharge) time series data.

It can be identified from Table 1, that only Dagum (4P), Gen. Logistic (2P) and Burr (4P) among
of all the examined probability distribution functions can be accepted to fit to the low stream flow
rate (discharge) time series data at the significant level a of 0.05, based on the Anderson-Darling
goodness of fit test whilst, simoultaneously, only Burr (3P) serves the same purpose based on the
Chi-squared goodness of fit test, still, at the same time, based cumulatively on all three individual
goodness of fit tests, Dagum (4P) obtained the highest score of five and, therefore, the probability
density function of Dagum (4P) (which, additionally, obtained the highest score based on the
Kolmogorov-Smirnov goodness of fit test) is finally chosen in order to produce artificial low flow
time series data.

Table 1. Goodness of fit tests results for the 3"-Inches Portable Conventional Parshall Flume, Iokastis
Stream, Kavala city, Greece, gauging station, data series.

Probability Distribution Anderson-Darling Chi-Squared Kolmogorov-Smirnov Highest Final Goodness of Fit

Score Obtained
Gumbel min (2P) 0.22805 2.0846 0.07273 0
Log-Normal (3P) 0.85844 5.0268 0.14102 0
Pearson type 5 (3P) 1.0085 4.5353 0.15081 0
Pearson type 6 (3P) 1.4249 5.8527 0.1627 0
Weibull (2P) 1.4235 6.9916 0.11636 0
Kumaraswamy (4P) 0.23837 2.0756 0.07528 0
Gen. Logistic (2P) 0.21294 1 2.5684 0.06652 3 4
Burr (4P) 0.226413 2.5754 0.07015 1
Burr (3P) 0.32909 0.441851 0.09633 3
Wakeby (5P) 4.0874 N/A 0.06576 2 2
Dagum (4P) 0.222732 2.6245 0.05767 1 5

Visually inspecting Figure 3, where the real observed (recorded) low stream flow rate
(discharge) time series data are plotted against the artificial ones, for the same time period (25 July
2015-11 September 2015) we can identify that, by first sight, do not coincide (for the most of the
paired values) remarkably well, suggesting that the random numbers generator should be employed
further until the simulated time series data which best fits the obderved one is produced.
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Figure 3. Plot of observed against artificial low stream flow rate time series data at Iokastis Stream,
Kavala city area, 3"-Inches Portable Conventional Parshall Flume gauging station, Kavala city,
Greece.

3.4. Hydrodynamic Methods and Equipment for Sample Data Collection and Analysis

Due to the extremely shallow waters, in conjunction with the extremely low water stream flow
velocity prevailing at the gauging station, it is impossible to implement the area-velocity method in
order to assess the stream flow rate (discharge), using a current meter mounted on a wading rod;
This happens owing to the fact that there isn’t available depth to submerge the current meter as well
as the extremely low water stream flow velocity is not sufficient enough to trigger the operation of a
current meter. Under those particular circumstances the only alternatives are the use of either a
small-sized flume or a small-sized portable weir plate, and the first one, eventually, was our final
selected option. More specifically, a “3"-Inches Portable Conventional Parshall Flume”, constructed
by means of fibre reinforced polyester sheet, with incorporated extended vertical wings at both
sides, permanently attached to the main assembly was selected. This selection enhanced the secure,
both lengthwise and crosswise, flume’s vertical stabilization by means of the adjacent sand berms
into the stream bed at the stream flow rate gauging point [17-19], (see Supplementary Materials).

4. Comparison between Calculated and Site-Measured Low Stream Flow Rate (Discharge) Values

The comparison between calculated and site-measured values of low stream flow rates
(discharges) is made on the basis of several statistical criteria such as, root mean squared error
(RM.S.E.), relative error (R.E.), efficiency coefficient (E.C.), linear correlation coefficient (r),
determination coefficient (r?) and discrepancy ratio (D.C.) [20,21], as depicted within Table 2. The
plot depicted within Figure 4 represents the discrepancy ratio concerning lokastis Stream, Kavala
city, North-Eastern Greece, during the time period between the specific dates 25 July 2015 and
11.September.2015. At this point, it should be noted that both coordinate axes are in logarithmic
scale; therefore, the equations y = x, y = 0.5x and y = 2.0x are represented graphically by parallel
straight lines.

Table 2. Statistical criteria values of 3"-Inches Portable Conventional Parshall Flume gauging station,
Iokastis Stream, Kavala city, Greece, (25 July 2015-11 September 2015).

Number of Paired Values RMSE [kg/(m s)] RE (%) EC r 2 Discrepancy Ratio

49 0.4193 -0.0563 -1.1331 -0.1420 0.0202 0.9592
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Figure 4. Discrepancy ratio plot of observed against artificial low stream flow rate time series data of
3"-Inches Portable Conventional Parshall Flume gauging station, Iokastis Stream, Kavala city, Greece,
(25 July 2015 and 11 September 2015).

In general, the obtained values of the statistical criteria RM.S.E., R.E., E.C. for lokastis Stream
“3"-Inches Portable Conventional Parshall Flume” gauging station can be considered fairly
satisfactory considering the low stream flow rate numerical values. Additionally, the degree of
linear dependence between calculated and measured bed load transport rate is very weak, implying
that more iterations should be carried out until an artificial low stream flow rate time series data
which best fits (by the perspective of the overall achieved statistical efficiency criteria) the observed
low stream flow rate time series data, is generated. The above mentioned statistical criteria values
concerning lokastis Stream, Kavala city, North-Eastern Greece, are listed within Table 2. It is noted
that the relative error value depicted within Table 2 represents the average value of the relative
errors calculated for each pair of calculated and measured daily low stream flow rate values.

5. Results and Discussion

A total number of 49 individual daily low stream flow rate (discharge) measurements were
performed within 49 consecutive days, between 25 July 2015 and 11 September 2015, at the Iokastis
Stream gauging station, Kavala city, north eastern Greece, at the particular section of the
homonymous watershed and main stream channel by means of a “3"-Inches Portable Conventional
Parshall Flume”. The daily lowest flows were undergone a probability distribution analysis and
eleven candidate probability distribution functions were fitted to the low stream flow rate time
series data proving that the Dagum (4P) probability distribution function best fitted the data based
on three different goodness of fit tests. Still, it didn’t eventually prove adequately suitable to
simulate the recorded data. As normally anticipated the stream flow rate observed early in the
morning, late in the evening and during the night patrols were (due to decreased evapotranspiration
rate, prevailing throughout the entire Kavala city area urbanized watershed) relatively higher that
those performed around mid-day hours and early in the evening.

6. Conclusions and Further Research

In future, an artificial neural network could be designed in order to simulate daily low stream
flow rate observed values employing various meteorological parameters (temperature, air pressure,
humidity, wind velocity, rainfall etc.) of the particular climate established over Kavala city
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watershed [22]. Kavala city watershed and particularly main stream channel can sustain extremely
low flow conditions which worth to be further monitored in order to compile an as much consistent
watershed and drought management plan. Nonetheless, further research would contribute to better
knowledge pertinent to the south eastern part of Europe were, as generally admitted, only a few
stream flow rate (discharge) measurement gauging stations exist and transfer the acquired
knowledge to ungauged watersheds as well, in accordance to the suggestions of the Braunschweig
Declaration. Furthermore, applicability of other stochastic models should be investigated and their
comparison should be performed and evaluated, finally selecting the most appropriate fitting the
observed data in order to forecast future values of simulated low daily stream flow rate data [23].

Supplementary Materials: The following are available online at https://www.youtube.com/watch?v=0A
mrRo13y0I, (Urban Stream Flow Measurement—25.July.2015—Kavala City-Greece), https://www.youtu
be.com/watch?v=tf3bUVLxaRY (Urban Stream Flow Measurement—11.September.2015—Kavala City-Greece).

Conflicts of Interest: “The authors declare no conflict of interest.”

Appendix A

The dates of all measurements as well as both the site measured as well as the calculated stream
flow rates of Perigiali Stream are presented in Table Al.

Table Al. Stream flow rate measurements of Perigiali Stream.

No. Date Stream flow Rate (m3/s) Stream flow rate (m3/s)
Site-Measured Calculated (Dagum 4P)
1 25-7-2015 0.5866 1.6780
2 26-7-2015 1.8030 1.3625
3 27-7-2015 1.1212 1.5697
4 28-7-2015 1.3574 1.7443
5 29-7-2015 1.8640 1.1514
6 30-7-2015 1.4066 1.8220
7 31-7-2015 1.5380 1.8466
8 1-8-2015 1.4930 1.3808
9 2-8-2015 1.6230 1.7739
10 3-8-2015 1.8970 1.5824
11 4-8-2015 1.5530 1.6168
12 5-8-2015 1.6750 1.7292
13 6-8-2015 1.5770 1.6290
14 7-8-2015 1.6030 1.9709
15 8-8-2015 1.5370 1.5107
16 9-8-2015 1.9760 1.7829
17 10-8-2015 1.7040 1.5061
18 11-8-2015 1.6600 1.8266
19 12-8-2015 1.7770 1.4494
20 13-8-2015 1.6500 2.0152
21 14-8-2015 1.8990 1.6676
22 15-8-2015 1.9870 1.4113
23 16-8-2015 1.3089 1.8694
24 17-8-2015 1.7675 1.4249
25 18-8-2015 1.2138 1.5888
26 19-8-2015 1.1671 1.7548
27 20-8-2015 1.1671 1.5853
28 21-8-2015 2.039 1.7942
29 22-8-2015 1.5200 1.7543
30 23-8-2015 1.1212 1.7927
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Table A1l. Cont.

No. Date Stream flow Rate (m3/s) Stream flow rate (m3/s)
Site-Measured Calculated (Dagum 4P)
31 24-8-2015 1.7142 1.4491
32 25-8-2015 1.9865 1.7850
33 26-8-2015 1.6093 1.0212
34 27-8-2015 1.8759 1.2364
35 28-8-2015 1.8214 1.9815
36 29-8-2015 1.6093 1.4679
37 30-8-2015 1.6093 1.4700
38 31-8-2015 2.0426 1.6379
39 1-9-2015 1.9309 1.5498
40 2-9-2015 1.7142 2.2219
41 3-9-2015 1.9110 1.3595
42 4-9-2015 1.7230 0.8125
43 5-9-2015 1.8200 1.5694
44 6-9-2015 1.6600 1.6919
45 7-9-2015 1.3574 1.7036
46 8-9-2015 1.4563 1.6623
47 9-9-2015 1.3574 1.8348
48 10-9-2015 1.4563 1.8508
49 11-9-2015 1.4066 0.9648
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