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Introduction 

Flood flows having given recurrence intervals or probabilities of exceedance, i.e. 
the design flows, are basic hydrological information required in designing culverts, 
bridges and other hydraulic structures as well in assessing flood risk managements. 
The last one is especially important because of the current implementation of the 
EU “Flood Directive” (Majewski 2006; Klijn et al. 2008). The purpose of the Direc-
tive is primarily to document flood risks and improve the flood prognosis. The flood 
predictions are equally important for large and small rivers and need to be deter-
mined for gauged and ungauged locations. Whereas in case of larger rivers, which 
have long term monitoring data, the procedures of flood frequency estimation are 
commonly accepted, in case of small rivers, usually ungauged the procedures have 
usually high degree of uncertainty (Banasik et al. 2003; Aronica et al. 2004). In this 
chapter, estimation of T-year floods for two small catchments, of which one has long 
term, i.e. 48-year flow data and the other one only short term, i.e. 2.5-year monitor-
ing record, is presented. 

Location and main parameters of the two catchments

These two catchments are the Zagożdżonka River and the Zwoleńka River. The first 
one has been gauged at Płachty since summer of 1962, so 48 year flood data (1963–
2010) are available for flood frequency analysis, and the other one was monitored at 
Siekierka gauge for two and half years (since July 2008 until December 2010). They 
are located in central part of Poland, ca 100–130 km south of Warsaw (Figure 3.1). The 
catchments bordered to each other and both rivers are left tributary to the  Vistula 
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 River, with outlets at its middle reach. Mean annual precipitation is ca 610 mm and 
mean annual runoff is in the range of 106–110 mm. The month with the highest pre-
cipitation (of ca 79 mm, i.e. 12.9% of annual value) is July, and the month with the high-
est runoff depth (of ca 15.5 mm, i.e. ca 14.7% of annual value) is March. More detailed 
description of the both catchments is presented in chapter 1. 

Main characteristics of the catchment of the Zagożdżonka River at Płachty gauge 
and on the Zwoleńka River at Siekierka gauge are given in Table 3.1. The area of the 
catchments are: 82.4 km2 and 186.8 km2, for the first and the other one, respectively. 
Main channel of the Zagożdżonka River is a bit steeper (on average ca 2.37‰) then 
the one of the Zwoleńka River (1.63‰). However, both are classified as lowland riv-
ers. Shape factor, characterizing the process of flood formation, and defined as the 
drainage area divided by the square of the main channel length is 0.60 for Zagożdżonka 
and 0.29 for Zwoleńka. There are also differences in soil of the river valley as well as 
in the river channel plan. In case of the Zagożdżonka River there is mainly narrow val-
ley with straight river channel, and in case of the Zwoleńka River the valley is wider, 
often up to 200–500 m, with peat soils, and often meandering stream. The river gaug-
ing sites of both rivers are shown on Figure 3.2 and 3.3. 
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FIGURE 3.1. Locality map of Zagożdżonka catchment, with the river gauge Płachty (A) and 
Zwoleńka catchment, with the river gauge Siekierka (S)
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TABLE 3.1. Main characteristics of the analyzed catchments

No Category Zagożdżonka River 
at Płachty gauge

Zwoleńka River
at Siekierka gauge

1 Area – A (km2) 82.4 186.8
2 Length of the main river – L (km) 11.7 25.2
3 Main river slope – J (m/km) 2.37 1.63
4 Mean catchment slope – Ψ (m/km) 4,08 3,66

5
Shape factor SH defined as the drainage area 
divided by the square of the main channel 
length – A/L2 (–)

0.60 0.29

6 Ratio of forest area (–) 0.40 0.24

7 Width and soil of the river valley, river 
channel plan

narrow valley with 
organic soils, usually 
straight river channel

wide valley
(up to 200–400 m),
with organic & peat 

soils, often meandering 
river, specially in its 

lower reaches
8 Continuous discharge record Long term (48 years) Short term (2,5 years)
9 Gauging cross section channel bridge

FIGURE 3.2. The Zagożdżonka River at Płachty gauge
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Estimation of T-year flood in gauged catchment
of the Zagożdżonka River

The problem of estimating flood flows has an increasing importance in various envi-
ronmental studies (Cunderlink et al. 2006; Cyberski et al. 2006, Pinter et al. 2006; 
Bogdanowicz 2010; Strupczewski & Kochanek 2010). In small catchment, where long 
term records are not available, this is usually done with the use of mathematical mod-
eling or in the same engineering cases, with the use of empirical methods. Both how-
ever should be verified by comparing the estimates with results of statistical methods, 
when the recorded data are available. 

Some preliminary investigation on flood frequency analysis for this river has been 
carried out earlier with the use of shorter set of data (Banasik et al. 2003; Banasik and 
Byczkowski 2006 and 2007). In this case two approaches are applied for analysis of the 
flood flow data collected in the period 1963–2010. The first one, as recommended by 
Guidelines for Flood Frequency Analysis (IMWM 2005), is based on two separate se-
ries of floods, which are formed from maximum annual winter season floods i.e. caused 

FIGURE 3.3. The Zwoleńka River at Siekierka gauge
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by snowmelt, and maximum annual summer season floods, i.e. caused by rainfall (WS-
M). The other approach is the traditional one, which does not take flood genesis into 
account and statistical series is formed from the annual maximum (AM) flows of hy-
drological years. The flood data used for both approaches i.e. WS-M and AM are pre-
sented on Figures 3.4 and 3.5, respectively. 

A computer program, using four types of probability distribution functions (gam-
ma, log-normal, Weibull and log-gamma), and developed at IMWM (2005) by Ozga-
Zielińska et al. (1999), was applied for frequency analysis with the use of AM and 
WS-M series, respectively.

FIGURE 3.4. Maximum annual winter season (snowmelt) floods and maximum annual sum-
mer season (rainfall) floods

FIGURE 3.5. Annual maximum (AM) flood flows of hydrological years
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The process of performing the frequency analysis with the use of the computer 
program is being conducted after prior examination of the homogeneity of the series 
with the use of statistical methods. The methods included: 
a) investigation of the outliers with the use of Grubbs-Beck test,
b) investigation of the independence of elements of the sample with the use of the 

run test,
c) investigation of the stationarity of the series with the use of the three following 

tests: 
 the Kruskal-Wallis one-way analysis of variance by ranks,
 the Spearman test for trend of mean value,
 the Spearman test for trend of variance.

The examination of the homogeneity of both sets of data, i.e. WS-M and AM, 
showed that the 48-year series fulfilled all of the conditions of homogeneity at 0.05 
significance level. The problem of accepting the series to, or rejecting it from the fre-
quency analysis, depending on the fulfilling the respective homogeneity criteria, has 
been also discussed by Węglarczyk (2007) and Ozga-Zielińska et al. (2007). 

Having applied the Akaike criterion (Mutua 1994), the log-normal statistical dis-
tribution has been indicated for winter and summer floods as best fitted to the meas-
ured values. However, the Weibull statistical distribution was a bit better then log-
normal one, according to Akaike criterion, when annual series (AM) were analyzed. 
Results of the flood frequency analysis for the log-normal distributions are presented 
on Figures 3.6 and 3.7, as well as in Table 3.2. Comparison of the results of annual 

FIGURE 3.6. Seasonal Flood Frequency Curve for Zagożdżonka catchment compared with 
observed values (WM – winter floods, SM – summer floods, WS-M – annual frequency curve

computed according to function of alternative)
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FIGURE 3.7. Annual Flood Frequency Curve for Zagożdżonka catchment compared with
observed values
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TABLE 3.2. Seasonal and annual food flows in the Zagożdżonka River at Płachty gauge based 
on the 48-year-series (1963–2010)

Return 
period

T (years)

Proba-
bility 

p (%)
(1-CDF)

Seasonal and annual flood flows Qmax_p (m3/s) 
estimated on the basis of:

Relative 
difference

max_ max_

max_

AM WS M
p p
WS M

p

Q Q
Q

(%)

seasonal series
annual 
series 
(AM) 

winter 
floods
(WM) 

summer 
floods
(SM) 

annual 
floods

(WS-M)

Function accepted ===> log-normal log-normal function of 
alternative log-normal

1 2 3 4 5 6 7
1000 0.1 22.0 73.3 73.3 50.9 –30.6 
500 0.2 18.8 54.3 54.3 41.1 –23.7 
200 0.5 15.0 35.5 35.8 30.9 –13.5 
100 1.0 12.5 25.0 25.6 24.3 –5.11 
20 5.0 7.55 9.32 11.6 12.7 9.01 
10 10 5.77 5.84 8.21 8.98 9.40 
2 50 2.23 1.12 2.93 2.79 –4.72 

Mean Qmax 2.97 2.65 X 4.33 X

flood frequencies estimated according to Weibull distribution and log-normal one was 
conducted on the base of 46-year flood data of this catchment by Banasik and Bycz-
kowski (2010). So for analyzing the AM series also log-normal distribution has been 
selected in this study. 

The results presented on Figures 3.6 and 3.7 and in Table 3.2 indicate that:
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 there is evident difference in shape (slope) of flood frequency curve (FFC) for 
winter (snowmelt and rainfall-snowmelt) floods and summer (rainfall) floods 
(Figure 3.6). The computed skewness coefficient has been 2.89 for the winter 
series and 3.15 for the summer one, so at the mean values of 2.97 m3/s and 
2.65 m3/s for winter and summer events respectively, the flood flows based on 
winter maximum discharges are larger than computed for summer series for 
the higher probability of exceedance (i.e. here for p > 10%). For the low prob-
ability of exceedance (i.e. here for p < 10% the) summer floods are larger than 
the winter events, 

 there are relative small differences (below 10%) between FFCs estimated on 
the base seasonal maximum discharges (WS-M) and annual maximum dis-
charges (AM) for probability of exceedance of ca 1% and higher. For probabili-
ty of exceedance 0.5% and lower the differences are increasing, i.e. FFC based 
on seasonal series is producing higher flood flows evidently. Taking into ac-
count various geneses of the flood events during winter and summer seasons 
and the presented results, the annual floods of given probability of exceedance 
should be computed as function of alternative from seasonal flood frequency 
curves. 

Applying indirect methods based on an index flood estimated on shorter periods 
(i.e. 10 year series) or respective specific index flood flow and catchment area, and on 
regional quantiles distribution (Stachy and Fal 1986; IMWM 1987; Byczkowski 1999) 
in previous study, Banasik et al. (2003) received evident disagreement in estimated 
floods with results produced by the direct (statistical) method. This is why an attempt 
for estimating flood flows in partially gauged catchment has been undertaken (Banasik 
and Byczkowski 2011). 

Estimation of T-year flood in partially gauged catchment
of the Zwoleńka River

An index flood represents the typical magnitude of flood expected at given site 
(WMO 1994; Kjeldsen & Rosbjerg 2002). In methodology of IMWM (Stachy and Fal 
1986) and also in Flood Estimation Handbook (CHE, 2008), the median annual maxi-
mum flood is adopted as the index flood. So the index flood for the gauged site (the 
Zagożdżonka River at Płachty site) is Qmax,50% = 2.93 m3/s (Table 3.2, penultimate 
row, column 5). Relationship between corresponding discharges of the Zagożdżonka 
River at Płachty gauge (donor site) and the Zwoleńka River at Siekierka gauge (sub-
ject site) have been estimated on the base of two group of data, the first one was 
27 semi-simultaneous flow meter measurements and the other one was 14 peak 
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hydrograph pairs (Figure 3.8). The data allowed finding a regression relationship in 
the form:

QSiekierka = 1.883 · 

with coefficient of determination r2 = 0.91.

0,1 

1 

10 

100 

D
is

ch
ar

ge
 o

f Z
w

ol
eń

ka
 (m

3 /s
)

0,01 0,1 1 10 100 
Discharge of Zagożdżonka (m3/s)  

1 2

Q_Siekierka = 1.883*Q_Płachty^0.788

FIGURE 3.8. Corresponding discharges of the Zagożdżonka River at Płachty gauge and the 
Zwoleńka River at Siekierka gauge have been estimated on the base of semi-simultaneous 
flow meter measurements (1) and peak hydrograph records (2). Red dots represent the ex-

trapolation of the regression relationship

Even the corresponding discharges are of two various origins; they are forming 
a homogeneous sample (Figure 3.8). The scope of the discharges at donor site range 
from 0.039 m3/s to 6.25 m3/s, i.e. the upper value is much higher than index flood at 
donor site (ca. 2.13 times), so it allows to apply the regression relationship to estimate 
the index flood at subject site. In this way, flood flows of probability of exceedance of 
10%, 5% and 1% have also been estimated; nevertheless they are in the extrapolated 
part of the relationship. The flood discharges for both sites, with respective specific 
discharges and with quantiles are given in Table 3.2. The quantiles μp are defined as: 

 

max, %

max, 50%

p
p

Q
Q

 (2)

where:
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μp – quantiles for the gauging station of region (–), 
Qmax, 50% – two year flood flow assumed as index flood (m3/s),
Qmax, p% – flood flow with probability of exceedance o p% (m3/s).

For comparison purposes also respective quantiles estimated for the region by 
Stachy and Fal (1986) have been given in Table 3.3 (column 9).

TABLE 3.3. Comparison of flood discharges for the Zagożdżonka River at Płachty with the 
Zwoleńka River at Siekierka and the quantiles for both rivers

Return 
period

T (years)

Proba-
bility
p (%)

(1-CDF)

Flood discharges 
Qmax, p% (m3/s)

Specific discharge 
qmax, p% (dm3/s/km2)

Flood quantiles
μp (–)

at
Płachty

at 
Siekierka

at
Płachty

at 
Siekierka

at
Płachty

at 
Siekierka

for the 
region*

1 2 3 4 5 6 7 8 9
100 1 25.6 24.3 311 130 8.75 5.52 4.30 

20 5 11.6 13.0 141 69.6 3.97 2.96 2.98 
10 10 8.21 9.89 99.6 53.0 2.80 2.25 2.40 

2 50 2.93 4.39 35.6 23.5 1.00 1.00 1.00 

* Stachy & Fal 1986; Byczkowski 1999.

Comparison of the results and concluding remarks

With reference to the chapter 1, in which flow duration curves (FDCs) was consid-
ered; it has been evident that specific discharges (outflow of water from catchment 
unit area) for long duration (i.e. 20 and more percent of time the flow is exceeded) 
were higher for the Zwoleńka River than for the Zagożdżonka River. Then with in-
creasing discharges the differences decreased, so for higher computed flow (i.e. for 
10 and less percent of time the flow is exceeded), the ratio of specific discharge of 
Zwoleńka vs. Zagożdżonka became smaller then one, and finally for the largest com-
puted specific discharge of 27.0 dm3/s/km2 at Płachty on Zagożdżonka River, i.e. for 0.5 
percent of time the flow is exceeded, the ratio equaled 0.70. This trend, i.e. decrease 
of the ratio of specific discharges with increase of the flood discharges is continued 
also for the maximum probable flow values as presented in Table 3.3 (columns 5 & 6) 
and in Table 3.4 (columns 3). 

Before accepting the results of estimation it would be worth to reconsider the 
steps which lead to find the results. 

Firstly FFC for the gauge catchment, i.e. the Zagożdżonka River at Płachty gaug-
ing station, has been estimated on the base of good quality date. The rating curve has 
been verified each year on the base of 8–12 new flow meter measurements. For many 
recent years two independent teams conducted the hydrometric measurements, using 
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independent instruments and calculating the discharge on the measured area-velocity 
data, individually. However, it is to point out that the highest discharge ever measured 
at Płachty was 4.33 m3/s on Sept. 1, 2010, at the larger one estimated from the water 
stage record and rating curve of 21.0 m3/s on Oct. 11, 1980. There were in total 15 
larger events (eight in winter periods and seven in summer periods) than the maximal 
measured one, within the 96 values used for winter and summer FFCs estimation. 
The respective number of events larger twice than the maximal measured one was 5 
(two in winter seasons and three in summer seasons). Nevertheless a lot of effort has 
been put for proper estimation the rating curves. It is also to point out that the maxi-
mal measured discharge was significantly higher the two-year flood for any of the pre-
sented series and was coinsidently equal to mean Qmax of the AM serie (Table 3.2). 

The index flood, i.e. Qmax,50%, for both catchments could not be impeached. In case 
of the Zagożdżonka River, i.e. the donor site, there were very long series of recorded 
data and the index flood has been within the scope of hydrometric measured discharg-
es. In case of the Zwoleńka River, i.e. the subject site there has been found a very 
strong relationship with the donor site. 

Having the index floods for both sites, the flood quantiles, given in Table 3.3, and 
their ratios, given in Table 3.4, should be considered. 

TABLE 3.4. Ratios of specific flood discharges and of flood quantiles for the considered catch-
ments of Zagożdżonka and Zwoleńka

Return 
period

T (years)

Probability 

p (%)
(1-CDF)

Ratio of specific flood 
discharges (qmax, p%)

of Zwoleńka
vs Zagożdżonka

Ratio of flood quantiles (μp) of two rivers
at their gauging stations vs regional values 

Zagożdżonka River
at Płachty gauge

Zwoleńka River
at Siekierka gauge

1 2 3 4 5
100 1 0.42 2.03 1.28

20 5 0.50 1.33 0.99
10 10 0.53 1.17 0.94

2 50 0.66 1.00 1.00

The data in Tables 3.3 and 3.4 indicate that:
 the Zwoleńka River has lower specific flood discharges than the Zagożdżonka 

River (Table 3.3, columns 5 & 6). The ratio of the specific flood discharges of 
the Zwoleńka vs. the Zagożdżonka River decreases from 0.66, at the return 
period for 2-year flood, to 0.42 for 100-year flood (Table 3.4, column 3),

 Flood quantiles for the Zwoleńka River increase slower with flood return pe-
riod than for the Zagożdżonka River (Table 3.3, columns 7 & 8). The ratio of 
the site specific quantiles to regional ones (Table 3.4, columns 4 & 5) indicate 
that Zwoleńka has flood characteristic close to typical river for the region, 
while Zagożdżonka seems to be more “wild” river. 
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Lower specific flood discharges and lower values of flood quantiles, as found out 
for the Zwoleńka River, is typical for larger catchments. In this case however, there 
might have been also other more influential reasons of the difference as: meandering 
channel in a wide valley of organic soils, lower river channel slop and elongated shape 
(lower shape factor) of the Zwolenka catchment. 

References

ARONICA G., CANDELA A. 2004. A regional methodology for deriving flood frequency curves 
(FFC) in partially gauged catchments with uncertain knowledge of soil moisture conditions. In: 
Complexity and Integrated Resources Management. (Trans. Second Biennial Meeting of the 
Int. Environmental Modelling and Software Soc.). Ed. by C. Pahl-Wostl, S. Schmidt, A.E. Riz-
zoli & A.J. Jakeman, Vol. 3: 1147–1183. IEMSS Publ (http://www.iemss.org/iemss2004/pdf/un-
gauged /aronareg.pdf – last seenL April 2011).

BANASIK K., BYCZKOWSKI A. 2006. Estimation of T-year flood discharge for a small lowland river 
using statistical method. Annals of Warsaw Agricultural University. Land Reclamation No 37: 
27–32.

BANASIK K., BYCZKOWSKI A. 2007. Probable annual floods in small lowland river estimated with 
the use of various sets of data. Annals of Warsaw University of Life Sciences – SGGW. Land Rec-
lamation No 38: 3–10. 

BANASIK K., BYCZKOWSKI A. 2010. Porównanie przepływów maksymalnych rocznych w małej 
zlewni rolniczej wyznaczonych różnymi sposobami (Comparision of the probable annual flood 
flows of small agricultural catchment estimated with various methods). In: B. Więzik (ed.). 
Hydrologia w Inżynierii i Gospodarce Wodnej. Monographs of Institute of Environmental En-
gineering of Polish Academy of Sciences, Vol. 68(1): 121–129.

BANASIK K., BYCZKOWSKI A. 2011. Estimating the annual maximum discharges of low prob-
ability for two small rivers in lowland Poland with various hydrological records. Geographi-
cal Research Abstracts, Vol. 13, EGU-9373 (http://meetingorganizer.copernicus. org/EGU2011/
EGU2011-9379.pdf).

BANASIK K., BYCZKOWSKI A., GŁADECKI J. 2003. Prediction of T-year flood discharge for 
a small river basin using direct and indirect methods. Annals of Warsaw Agricultural University. 
Land Reclamation. No 34: 3–8.

BOGDANOWICZ E. 2010. Podejście wielomodelowe w zagadnieniach estymacji kwantyli rozkładu 
wartosci maksymalnych (Multimodel approach to estimation of extrem value distribution quan-
tiles). [In:] B. Więzik (ed.). Hydrologia w Inżynierii i Gospodarce Wodnej. Monographs of Insti-
tute of Environmental Engineering of Polish Academy of Sciences, Vol. 68(1): 57–70.

BYCZKOWSKI A. 1999. Hydrologia. Tom 2. Wydawnictwo SGGW, Warszawa.
CHE (Center for Ecology and Hydrology) 2008. Flood Estimation Handbook. Vol. 3, Statistical Pro-

cedures for flood frequency estimation, Wallingford, UK.
CUNDERLINK J.M., OUARDA T.B.M.J. 2006. Regional flood-duration-frequency modeling in the 

changing environment. Journal of Hydrology, Vol. 318, Issues 1–4: 276–291.
CYBERSKI J., GRZEŚ M., GUTRY-KORYCKA M., KUNDZEWICZ Z.W. 2006. History of floods on 

the River Vistula. Hydrological Sciences Journal, Vol. 51, Issue 5: 799–817.



Prediction of T-year flood in gauged and partially gauged small catchments

59

IMWM (Institute of Meteorology and Water Management) 1987. Atlas hydrologiczny Polski (Hydro-
logical Atlas of Poland). IMGW – Warsaw.

IMWM (Institute of Meteorology and Water Management) 2005. Guidelines for Flood Frequency 
Analysis – Long Measurment Series of River Discharge. IMGW – Warsaw.

KJELDSEN T.R., ROSBJERG D. 2002. Comparison of regional index flood estimation procedures 
based on the extreme value type I distribution. Stochastic Environmental Research and Risk As-
sessment, Vol. 16 (5): 358–373.

KLIJN F., SAMUELS P., OS A.VAN 2008. Towards Flood Risk Management in the EU: State of af-
fairs with examples from various European countries. Intl. J. River Basin Management, Vol. 6, 
No 4: 307–321.

MAJEWSKI W. 2006. Zmiany w podejściu do ochrony przeciwpowodziowej (Changes in the ap-
proach to flood protection). Zeszyty Naukowe Politechniki Gdańskiej. Budownictwo Lądowe 
No 57: 59–68. 

MUTUA F.M. 1994. The use of the Akaike information criterion in the identification of an optimum 
flood frequency model. Hydrological Science Journal, Vol. 39, No 3: 235–244. 

OZGA-ZIELIŃSKA M., BRZEZIŃSKI J., OZGA-ZIELIŃSKI B. 1999. Zasady obliczania największych 
przepływów rocznych o określonym prawdopodobieństwie przewyższenia – przy projektowaniu 
obiektów budownictwa hydrotechnicznego (Guidelines for flood frequency computation with 
small probability of exceedances – for design of hydrotechnical structures). Materiały Badawc-
ze, Seria: Hydrologia i Oceanologia. IMGW, Warszawa. 

OZGA-ZIELIŃSKA M., BRZEZIŃSKI J., OZGA-ZIELIŃSKI B. 2007. Określenie prawdopodobieństwa 
przepływów ekstremalnych rocznych genetycznie niejednorodnych – metoda alternatywy 
zdarzeń (Determining the probability of genetically heterogeneous yearly floods – method of 
the alternative events). Gospodarka Wodna No 5: 191–196.

PINTER N., ICKES B.S., WLOSINSKI J.H., VAN DER PLOEG R.R. 2006. Trends in flood stages: 
Contrasting results from the Mississippi and Rhine River systems. Journal of Hydrology, Vol. 
331, Issues 3–4, 554–566.

STACHY J., FAL B. 1986. Zasady obliczania maksymalnych przepływów prawdopodobnych (The 
principles of the probable flood evaluation). Prace Instytutu Dróg i Mostów, Nr 3–4: 91–147.

STRUPCZEWSKI W., KOCHANEK K. 2010. Powtórne spojrzenie na sezonowe podejście do mod-
elowania częstości powodzi (Revision of seasonal approach to flood frequency analysis). [In:] 
B. Więzik (ed.). Hydrologia w Inżynierii i Gospodarce Wodnej. Monographs of Institute of Envi-
ronmental Engineering of Polish Academy of Sciences, Vol. 68(1): 57–70.

WĘGLARCZYK S. 2007. Metoda alternatywy zdarzeń identyfikacji rozkładu prawdopodobieństwa 
przepływów maksymalnych w roku – analiza krytyczna (Method of alternative events for iden-
tification of probability distribution of maximum flow values in the year – a critical analysis). 
Gospodarka Wodna No 5: 185–190.

WMO (World Meteorological Organisation) 1994. Guide to Hydrological Practices, WMO – No 168. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


