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In normal practice, during the estimation of reservoir storage uncertainties affecting the values of mean 

monthly discharge series are not normally considered, and usually no estimates of these are known. There-
fore, the question arises as to whether the results of the estimation of the capacity of storage reservoirs may 
be affected by uncertainties in the discharge series. The aim of this article is the suggestion of a possible 
approach to estimating the level of uncertainties affecting the elements of mean monthly discharge series. 
These discharge series are subsequently integrated into water reservoir storage capacity calculations, and 
the significance of the proposed approach is explored. 
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Nejistoty členů řad průměrných měsíčních průtoků nejsou v běžné praxi udávány, není ani znám odhad 

jejích velikostí. Otázkou rovněž je, zda nejistotami zatížené průtokové řady mohou ovlivnit výsledky 
vodohospodářského řešení zásobní funkce vodní nádrže. Cílem článku je naznačení možného postupu 
odhadu míry nejistot zatěžujících členy průtokové řady průměrných měsíčních průtoků a následné začlenění 
uvedené řady do výpočtů zásobního objemu vodní nádrže a posouzení významu uvedeného postupu. 

 
KLÍČOVÁ SLOVA: nejistoty, Monte Carlo, průměrný měsíční průtok, zásobní objem nádrže. 

 
1. Introduction 
 

When managing reservoir capacity it is necessary 
to have at one’s disposal a discharge input series of 
at least mean monthly discharges processed for an 
adequately long design period. This flow discharge 
series gives information about the size and time 
distribution of water inflow to the reservoir. The 
values of the average discharges of the required 
profiles are obtained in different ways over the 
individual months. When the specific profiles are 
dealt with one by one, the data is obtained by con-
tinuous water stage measurements in discharge 
profile and with a discharge rating curve. An alter-
native method is via the conversion of data from 
another specific profile in the same watercourse or 
inflow, or via analogy.  

During the measurement process in a specific 
watercourse profile the sampled water stages are 
affected by a series of minor errors of a random 
character (most frequently with an hour step). The 

locations of points in a hydrometric profile which 
are fitted in a discharge rating curve (as a regres-
sion curve) are also affected by these random er-
rors. These errors then enter the statistical pro-
cessing of repeatedly measured values and mea-
surement uncertainties are determined from them 
either directly by the calculation of the selective 
standard deviation of the average as type A uncer-
tainties, or indirectly as B type uncertainties if they 
are determined in a different way than from repeat-
ed measurements. Type B standard uncertainty is 
obtained using (1) 
 

  
uB,z =

Δzmax

χ
,
  

(1) 

 

where Δzmax is the maximum deviation of the 
known sources of uncertainty and χ – the coeffi-
cient based on the type of probability distribution, 
which controls the resource (for normal distribution 
χ = 3) (Palečar, Vdoleček, Halaj, 2001). 
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Measurement uncertainties specify the area in 
which the measured value can possibly occur 
around the average of this measured parameter. 
Type A uncertainties are therefore standard devia-
tions of a selective average termed standard uncer-
tainties uA and they can be geometrical sum with uB 
to obtain the combined uncertainty u. The com-
bined uncertainty u can be multiplied by 2 and 3 to 
obtain the expanded uncertainties Ub and Ua. All 
of this can be done provide that the probability 
distribution of the observed parameter around the 
average µ is normal. Interval < µ – Ua; µ + Ua > 
specifies the area where the observed parameter can 
occur with probability 99.75 % owing to the influ-
ence of error. In this way, an interval where the 
water stage can occur with high probability is spec-
ified at each step of the measurement of the sam-
pled realization of a water stage. 

During routine operation it is not possible to re-
peat measurements and only type B uncertainty is 
available to those calculating uncertainty during 
data processing. The above mentioned interval is 
then determined based on professional experience 
simply by guessing the measurement uncertainty, or 
(at best) it is given by the manufacturer of the 
measuring instrument used. The actual measured 
value of the observed values is then considered to 
be an average value. 

According to the document (WECC 19/90, 
1990), each result obtained by measurement must 
be accompanied by the size of the uncertainty with 
which the value is measured. When evaluating the 
measurement of hydrometric propellers the Czech 
Hydrometeorological Institute also determines the 
uncertainty of the water flow through the profile for 
a specific watercourse. Information on the uncer-
tainty of measuring instruments which is provided 
by the manufacturer can be used during the deter-
mination of the measurement uncertainty of water 
stages in a specific watercourse profile. It is there-
fore possible to use that information in attempts to 
increase the preciseness of the input data that are 
needed in the water management analysis of reser-
voirs storage function; i.e., to determine the uncer-
tainty of the individual elements of the real dis-
charge series of mean monthly discharges and find 
a way to take advantage of this information in the 
water management analysis of the water reservoir 
as well as to assess whether this procedure will be 
of benefit in practice. 
 
 
 

2. Method 
 

Water stages are measured by a float located at a 
limnigraph station or by means of pressure probes 
and bubblers. Each point of the stage-discharge 
curve (further referred to as the SDC) is obtained 
for a measuring watercourse profile on the basis of 
hydrometric measurements and its evaluation in 
HYDROS software (Starý, 1991–2011), based on 
standard ČSN EN ISO 748. The points correspond-
ing to the measurements taken are plotted in a Q, h 
rectangular coordinate system and then they created 
the empirical points of stage-discharge curve (Q – 
water discharge through profile, h – water stage). 
The set of those points is fitted to the empirical 
stage-discharge curve as a regression curve. The 
fitting of specific curves was carried out using 
HYDROM software (Starý, 1995), which allows 
the SDC to be approximated in the following ways: 
polynomial, power and combinations of polynomi-
al-polynomial, power-power, polynomial-power 
and power-polynomial in the event that the SDC is 
a turning point. 

If when fitting to the SDC one considers the un-
certainty of input data, i.e. the values of variables 
that determine the position of a point in the Q, h 
coordinate system, it is clear that around each point, 
whose position is determined by the measured data, 
an area exists in which these points can also inde-
pendently occur. The intervals of possible occur-
rence are defined by the chosen normal distribution 
values of Q and of h. If we are considering type B 
uncertainty (in normal practice we have no choice), 
then the measured data values of h and correspond-
ing values of Q that are established via the evalua-
tion of hydrometric measurements are considered to 
be the mean value of the corresponding distribution 
function. The standard uncertainty uh can be deter-
mined via a professional estimate of the largest 
error with which you can read the stage gauge; this 
value has to be divided by three. Uncertainty uQ is 
given directly by HYDROS software during hy-
drometric measurement. However, it is indicated as 
type B expanded uncertainty and it is therefore 
necessary to convert it to standard uncertainty, i.e. 
it is divided by two. 

The random locations of points around measured 
points determined using the Monte Carlo method. 
Using the distribution curves of the normal proba-
bility distribution and a pseudo-random number 
generator, a random coordinates of the (Q, h) points 
for the whole points of SDC was generated. The set 
of random points was then fitted to the empirical 
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SDC. This procedure was repeated according to a 
selected number of repetitions (further referred to 
as the NR). 

In the case when the sampled realization of a 
measured water stage at each step of the measure-
ment the above procedure is defined by the proba-
ble interval in which the water stage could also 
occur. If we consider the type B uncertainty of a 
sampled water stage (in normal practice once again 
we have no other option), then the mean value of 
the corresponding normal distribution is considered 
to be the value of h as measured by a float at the 
relevant time step of measurement. The standard 
uncertainty of measurement is in this case given by 
 

the manufacturer of the measuring equipment. The 
analysis procedure is again based on the Monte 
Carlo method. At each chronological step of the 
sampling procedure i (for i = 1, 2, ..., n, where n is 
the number of sampling procedures) a random val-
ue hi is generated from the surroundings of each 
measured value μi(h). Generated values hi are con-
sidered as mutually independent. The generation 
procedure is indicated in Fig. 1 (Starý, 1984). Each 
value μi(h) corresponds to a distribution curve 
Fi(h), which has a normal probability distribution. 
Repeatedly randomly generated sequences hi are 
denoted Nhj for j = 1, 2, ..., NR and are termed as 
random series of sampled water stages. 

 

 
 
 
Fig. 1. Scheme of random series Nhj generated using the Monte Carlo method. 
 
 

For the elements of a randomly generated series 
of water stages Nhj the relevant values of the corre-
sponding flows are deducted from the randomly 
generated SDC sequences. A series of random in-
stant discharges will be established. This series is 
always processed in relevant month m into the 
mean monthly discharges Qm, where number of 
mean monthly discharges is corresponding with the 
period of water stages measuring. The suggested 
procedure is repeated for the number of repetitions 
NR.  

By this procedure we can to obtain the NR ran-
domly generated mean monthly discharges for eve-
ry month, which creates a file. Statistical evaluation 
of the file it is possible to determine the standard 
uncertainty of the mean monthly discharge in each 
month.  

The random series of mean monthly discharges 
are then repeatedly utilized in the water manage-
ment analysis of the capacity of a reservoir storage 
function. The repeated analysis of the storage ca-
pacity functions of a reservoir, where apart from the 
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input discharge series there is a requirement for the 
improved outflow of water from the reservoir and 
for that improved outflow to be 100% secured, 
leads to the calculation of NR storage volumes, 
which produces a set of NR elements. It is then 
possible to statistically evaluate that set and assess 
the impact of the size of input uncertainties on the 
inputs of the analysis on the values of the basic 
statistical characteristics of the calculated storage 
volumes.  
 
3. Application 
 

This procedure was applied to determine the un-
certainty of mean monthly discharges in three pro-
files, P1, P2 and P3, which differ in their wateri-
nesses. All profiles are anonymous. The necessary 
information needed for determination of the uncer-
tainties was obtained from the Czech Hydromete-
orological Institute:  
− An annual series of sampled water stages mea-

sured at a limnigraph station using a float device 
with a time step of one hour. 

− The coordinates (Q, h) of the points obtained by 
evaluating the hydrometric measurements which 
are fitted with the SDC.  
The standard uncertainties of type B input varia-

bles were determined as the following values. The 
uncertainty for the float measuring device uB,hp = ± 
± 0.133 % of the measured value; the uncertainty 
for the stage gauge uB,h = ± 0.166 cm  of the mea-
sured value; the uncertainty value for flows ob-
tained by the evaluation of hydrometric measure-
ment uB,Q = ± 2.0 %. The uncertainty for the LU 
503 G float type limnigraph manufactured by NPK 
Europe Mfg. s.r.o. was obtained from the technical 
documentation, the uncertainty reading on the stage 
gauge was determined via professional assessment 
and the uncertainty of the given flows was deter-
mined by subjective generalization of the uncertain-
ty outputs, which are one of the outputs of the HY-
DROS software according to standard ČSN EN ISO 
748. The number of repetitions NR = 100 was cho-
sen for the Monte Carlo method.  
 
Comment 
 

It should be noted that in relation to the text in 
the introduction to this paper that the intervals from 
which the corresponding random realization inputs 
are generated are equal to four times or six times 
those of standard uncertainties. 

The individual profiles are sorted by water bearing 
of watercourse.  

Using the following results it is possible to esti-
mate the uncertainties of the mean monthly dis-
charges in profiles P1, P2 and P3. The information 
obtained will allow the continued use of uncertainty 
in calculations of storage reservoir volume. 

To obtain the corresponding discharges series we 
used a simple method of analogy because a suffi-
ciently long series of mean monthly discharges 
wasn´t available in the anonymous profiles. The 
series of mean monthly discharges Svratka/Bo-
rovnice was used as an analogy series. Through the 
derivation of series using (2), the relevant discharge 
series corresponding in their hydrometric profile to 
the profiles P1, P2 and P3 were obtained. 
 

  

Qm
A

Qm
x
=

Qa
A

Qr
X

,
 

(2) 

 

for m = 1,2, ..., PM, where PM is the number of 
months in the analogy series of mean monthly dis-
charges. In the application PM is equal 360. In (2) 

further indicates A
mQ  – value of mean monthly dis-

charge from the analogy watershed, X
mQ  – value of 

mean monthly discharge  from the derived water-

shed, A
aQ  – value of long-term average discharge 

from the analogy watershed, X
rQ  – value of aver-

age annual discharge  from the derived watershed. 
X corresponds to profiles P1, P2 and P3. Random 
discharge series Qm were created in a similar way to 
that described in the previous chapter. The generat-
ed random real discharge series were further used 
as inputs for calculating the storage volume of an 
insulated reservoir. 

The analyzed volume was determined in depend 
on the defined improved outflow Op and theirs se-
cured P = 100%. Two variants were analyzed. The 
first variant was solved to derive random discharge 
series, where the input uncertainty of all elements 
of the real discharge series are entered as a constant 
value uQ calculated as a mean from the uncertain-
ties of the mean monthly discharges. The second 
variant was solved from the series where the input 
uncertainties uQ were entered individually for each 
month. The results of solution are shown in Tab. 7. 
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Profile P1 – upper part of the watercourse, Qr = 0.392 m3 s-1 
Method of approximation of the SDC: combination of polynomial and power 
 

  
 

 
 
Fig. 2. SDC generated from real measured values and the volume of SDC when considering uncertainty of (Q, h) points in profile 
P1. On fig. 2. is a) Empirical points of SDC, including the fitted empirical SDC, b) Graph showing the positions of randomly gen-
erated (Q, h) points using the Monte Carlo method for repetitions NR = 100, location of measurement points lies around to the 
points from graph a), c) Fitted discharge rating curves for the randomly generated points (Q, h) for NR = 100. 
 
 
 
T a b l e  1 .  Mean monthly discharges Qm values derived for the measurement of profile P1. 
 

 
January February March April May June July August SeptemberOctober November December 

Qm[m3 s-1] 0.105 0.246 0.941 0.179 0.103 0.45 1.898 0.153 0.073 0.089 0.206 0.258 

 
 
 
T a b l e  2 .  The statistical characteristics of mean monthly discharges Qm burdened by measurement uncertainty in profile P1. 
 

 
January February March April May June July August September October November December 

μ(Qm) [m3 s-1] 0.105 0.246 0.944 0.179 0.102 0.45 1.914 0.153 0.073 0.089 0.206 0.258 
uQ = σ(Qm) [m3 s-1] 0.0014 0.0008 0.006 0.0007 0.0009 0.0014 0.043 0.0005 0.0008 0.0012 0.0021 0.0022 

uQ [%] 1.333 0.325 0.636 0.391 0.882 0.311 2.247 0.327 1.096 1.348 1.019 0.853 
 
The average uQ value determined from the monthly values is uQ = 0.897 %. 
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Profile P2 – middle part of the watercourse, Qr = 1.833 m3 s-1 
Method of approximation of the SDC: combination of polynomial and power. 
 

  

 
 

 
Fig. 3. SDC generated from real measured values and the volume of SDC when considering uncertainty of (Q, h) points in profile 
P2. On fig. 3. is a) Empirical points of SDC, including the fitted empirical SDC, b) Graph showing the positions of randomly gen-
erated (Q, h) points using the Monte Carlo method for repetitions NR = 100, location of measurement points lies around to the 
points from graph a), c) Fitted discharge rating curves for the randomly generated points (Q, h) for NR = 100. 
 
 
 
T a b l e  3 .  Mean monthly discharges Qm values derived for the measurement of profile P2. 
 

 
January February March April May June July August September October November December 

Qm [m3 s-1] 1.598 1.406 6.074 3.081 0.739 1.178 2.079 0.815 0.426 1.134 1.254 2.214 

 
 
 
T a b l e  4 .  Statistical characteristics of mean monthly discharges Qm burdened by measurement uncertainty in profile P2. 
 

 
January February March April May June July August September October November December 

μ(Qm) [m3 s-1] 1.6 1.407 6.087 3.087 0.737 1.178 2.082 0.813 0.426 1.136 1.254 2.218 
uQ = σ(Qm) [m3 s-1] 0.0107 0.0066 0.0563 0.0204 0.0048 0.004 0.011 0.0035 0.0018 0.0054 0.0058 0.0122 

uQ [%] 0.669 0.469 0.925 0.661 0.651 0.340 0.528 0.431 0.423 0.475 0.463 0.550 
 
The average uQ value determined from the monthly values is uQ = 0.549 %. 
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Profile P3 – lower part of the watercourse, Qr = 10.109 m3 s-1 
The method of approximation of the SDC was by polynomial. 
 

  
 

 
 
 
Fig. 4. SDC generated from real measured values and the volume of SDC when considering uncertainty of (Q, h) points in profile 
P3. On fig. 4. is a) Empirical points of SDC, including the fitted empirical SDC, b) Graph showing the positions of randomly gen-
erated (Q, h) points using the Monte Carlo method for repetitions NR = 100, location of measurement points lies around to the 
points from graph a), c) Fitted discharge rating curves for the randomly generated points (Q, h) for NR = 100. 
 
 
 
T a b l e  5 .  Mean monthly discharges Qm values derived for the measurement of profile P3. 
 

 
JanuaryFebruary March April May June July August September October November December 

Qm[m3 s-1] 3.767 6.626 26.013 15.407 5.85 8.874 23.122 8.709 4.413 5.25 6.122 7.154 

 
 
 
T a b l e  6 .  Statistical characteristics of mean monthly discharges Qm burdened by measurement uncertainty in profile P3. 
 

 
January February March April May June July August September October November December 

μ(Qm) [m3 s-1] 3.766 6.628 26.023 15.4 5.85 8.88 23.123 8.709 4.413 5.251 6.124 7.156 
uQ = σ(Qm) [m3 s-1] 0.0154 0.0276 0.1767 0.1261 0.0252 0.0527 0.1001 0.0437 0.0186 0.0229 0.0281 0.0334 

uQ [%] 0.409 0.416 0.679 0.819 0.431 0.593 0.433 0.502 0.421 0.436 0.459 0.467 
 
The average uQ value determined from the monthly values is uQ = 0.505 %. 
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T a b l e  7 . Statistical characteristics of the storage reservoir volume. 
 

 

Profile P1 Profile P2 Profile P3 

constant uQ 
uQ variable  

for each month 
constant uQ 

uQ variable  
for each month 

constant uQ 
uQ variable  

for each month 
Op = 0.314 (0.8α) Op = 1.47 (0.8α) Op = 8.087 (0.8α) 

μ(Vz) [m
3 s-1] 8830418 8830108 41438052 41435428 225160240 225192544 

uVz = σ(Vz) [m
3 s-1] 72516 69863 207696 239190 1053040 1275314 

Ua,Vz [m
3 s-1] 217548 209589 623088 717570 3159120 3825942 

uVz [%] 0.821 0.791 0.501 0.577 0.468 0.566 
Ua,Vz [%] 2.464 2.374 1.504 1.732 1.403 1.699 

 
4. Summary of results and conclusion 
 

The aim of the article was to outline a possible 
procedure for estimating the extent of the uncertain-
ty burden on the elements of the discharge series of 
mean monthly discharges and the subsequent inte-
gration of these discharge series in calculations of 
the storage volume of a water reservoir. 

In normal practice uncertainties affecting the el-
ements of mean monthly discharge series are not 
normally considered, and no estimates of their val-
ues are known. It is also not known how the intro-
duction of the uncertainty of the elements of dis-
charge series of mean monthly discharges may 
influence applications that depend on the use of 
discharge series of mean monthly discharges as 
inputs for the analysis. The authors therefore con-
sider the outlined path for calculating the men-
tioned uncertainties to be original. Also considered 
original is this method of integrating discharge 
series whose elements are encumbered with uncer-
tainties into the design of water management sys-
tems or into other applications. 

From the results presented above it is clear that 
the uncertainties arising from the initial measure-
ment of water stages and the uncertainty of flows 
obtained by the evaluation of hydrometric mea-
surements in measuring profiles on a watercourse 
can influence the resulting solution in dependent 
applications. With a certain degree of simplification 
the following conclusions may be formulated: 
In profile P1 the value of standard uncertainty is 
defined as the average for individual months which 
corresponds to the relative value uQ = ± 0.897% 
(extended uncertainty Ua,Q = 2.69%). The introduc-
tion of the uncertainty values in the water manage-
ment calculation was used to determine the storage 
volume of a reservoir in the profile P1 with a size 
of 8.8 · 106 m3 with a possible extended uncertainty 
of the reservoir volume of Ua,Vz = ± 218 000 m3. 
The result means that the size of the volume may be 
influenced by ± 2.5%. 

In profile P2 the value of standard uncertainty is 
defined as the average for individual months which 
corresponds to the relative value uQ = ± 0.549% 
(extended uncertainty Ua,Q = 1.65%). The introduc-
tion of the uncertainty values in the water manage-
ment calculation was used to determine the storage 
volume of a reservoir in the profile P2 with a size 
of 41 · 106 m3 with a possible extended uncertainty 
of the reservoir volume of Ua,Vz = ± 623 000 m3. 
The result means that the size of the volume may be 
influenced by ± 1.5%. 
In profile P3 the value of standard uncertainty is 
defined as the average for individual months which 
corresponds to the relative value uQ = ± 0.505% 
(extended uncertainty Ua,Q = 1.5%). The introduc-
tion of the uncertainty values in the water manage-
ment calculation was used to determine the storage 
volume of a reservoir in the profile P3 with a size 
of 255 · 106 m3 with a possible extended uncertain-
ty of the reservoir volume of Ua,Vz = ± 3.2 · 106 m3. 
The result means that the size of the volume may be 
influenced by ± 1.4%. 

When taking into account the impact on uncer-
tainties of elements of the input discharges series 
separately for each month (variable) is calculated 
uncertainties resulting from storage volumes in all 
cases slightly different. In profile P1 decreased 
uncertainty. The profiles P2 and P3 increased un-
certainty. 

The obtained results indicate that the impact of 
uncertainties affecting the elements of the real dis-
charge series on the obtained values for a storage 
volume is significant. Thus, as individual inputs to 
a Monte Carlo analysis are introduced by a spec-
trum of randomly generated input data rather than 
by a single value, so a calculated storage volume is 
described as spectrum of storage volumes whose 
dispersion is significant (for low hydrometric pro-
file a relatively higher dispersion appeared than for 
higher hydrometric profile). When we realize that 
the currently used hydrological reliability of de-
signs (the secure of the improved outflow of water 
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from the reservoir) according to recommended 
standards deal with the following values: 99.5 % – 
class A, 98.5 % – class B, 97.5 % – class C and  
95 % – Class D (according to the importance of the 
water users for society), it is clear that the outlined 
procedure is strongly deformed by the hydrological 
reliability solutions that are actually achieved. It 
would be possible to avoid this problem when deal-
ing with the spectrum of storage volumes by con-
sidering the maximum storage volume correspond-
ing to the uncertainty Ua,Vz, i.e. the value μ(Vz) +    
+ Ua,Vz would be considered. An exact solution 
would of course be to introduce the uncertainties of 
primary inputs directly into the analysis and to deal 
with the different types of problems connected with 
the water management analysis of the storage func-
tion of reservoir when considering the secure of 
analysis using the outlined procedure. The question 
then remains as to which of these methods is better 
in practice. In both cases it is necessary to know the 
uncertainty of the elements of the input discharge 
series. 

Depending on requirements, the uncertainty of 
the elements of the input discharge series can be 
dealt with on a case-by-case basis via the procedure 
outlined in this article. However, there is an alterna-
tive, which is to determine the uncertainty of the 
elements of discharge series before extensive re-
search is carried out on selected profiles of water-
courses (different types of watercourses with dif-
ferent hydrometric profile). The results obtained are 
then evaluated and generalized, and then assigned 
in a fixed manner to the monthly average discharg-
es corresponding to discharge series evaluated for 
other specific profiles of various watercourses.  

When water management solving of storage 
function of reservoirs with multiannual control 
runoff is necessary considered the possibility to 
correct the values of the elements of real discharge 
series of mean monthly discharges even in water-
courses whose reliability is currently considered to 
be Class I or II. This correction is not performed for 
them. 

These results were obtained for hydrometric pro-
files on which hypothetical continuous measure-
ments of water stages were carried out using float 
gauges and measurements of the point velocity of 
water flow in specific profiles were also hypotheti-
cally performed using hydrometric propellers. The 
suggested method is universal and can be used for 
all types of utilized measuring equipment (pressure 
sensors, bubblers, ADCP, etc.). 

The authors foresee the publication of articles, in 
which will be described the relation to the men-
tioned problems associated with the determination 
the size of uncertainty of  members of the real dis-
charge series on the basis of other applications. The 
effect of this procedure into the process of genera-
tion of artificial discharge series of mean monthly 
discharges it will be described as first. The impact 
of the uncertainty of the elements of real discharge 
series on the water management analysis of storage 
functions of a system of reservoirs will be next. 
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List of symbols 
 
Fi(h) ─ normal distribution function, 
h ─ height of water in watercourse [cm], 
Nhj ─ random generated sequences of watercourse water 

height, 
Op ─ affected discharge from reservoir [m3 s-1], 
P ─ secure of affected outflow from reservoir [%], 
NR ─ number of repetitions, 
Q ─ discharge of water [m3 s-1], 
Qm ─ mean monthly discharge of water [m3 s-1], 
Qr ─ annual discharge of water [m3 s-1], 

A
aQ  ─ long-term average discharge of water from the 

analogy watershed [m3 s-1], 
A
mQ  ─ of mean monthly discharge of water from the anal-

ogy watershed [m3 s-1], 
X
mQ  ─ mean monthly discharge of water from the derived 

watershed [m3 s-1], 
X
rQ  ─ average annual discharge of water from the derived 

watershed [m3 s-1], 
Q, h ─ rectangular coordinate system with horizontal axis 

Q and vertical axis h, 
(Q, h) ─ position of a point in a coordinate system Q, h, 
uB,z ─ standard uncertainty type B, 
uB,h ─ standard uncertainty type B of water height on the 

stage gauge [cm], 
uB,hp ─ standard uncertainty type B from the float [%], 
uB,Q ─ standard uncertainty type B for the discharge ob-

tained by hydrometric measurement [%], 
uQ ─ standard uncertainty for the discharge, relative [%], 

absolute [m3 s-1], 
uVz ─ standard uncertainty for reservoir storage volume, 

relative [%], absolute [m3 s-1], 
Ua ─ extend uncertainty for k = 3, 
Ub ─ extend uncertainty for k = 2, 
Ua,Q ─ extend uncertainty of monthly discharge, relative 

[%], absolute [m3 s-1], 
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Ua,Q ─ extend uncertainty of  reservoir storage volume, 
relative [%], absolute [m3], 

Vz ─ reservoir storage volume [m3], 
Δzmax ─ maximum deviation of the known sources of uncer-

tainty, 
a ─ coefficient of affected discharge, 
χ ─ coefficient based on the probability distribution, 
μ ─ mean, 
μi(h) ─ mean of watercourse water height [cm], 
μ(Qm) ─ mean of monthly discharge of water [m3 s-1], 
μ(Vz) ─ mean of  reservoir storage volume [m3], 
σ(Qm) ─ standard deviation of monthly discharge of water 

[m3 s-1], 
σ(Vz) ─ standard deviation of reservoir storage volume 

[m3], 
ξ ─ standard random variable from interval <0,1>. 
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