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Abstract

The work presents water balance indexes for sonadlesniver basins in the Tywa river basin. The
estimation of water balance indexes was worked foutmonths from IV to IX, half-years
(X-111), (IV-1X) and year (X-IX), (period 1961-1990 The work presents also introductory analysis
of precipitation’s influence on retention index.
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INTRODUCTION

Correct water economy in the drainage area wilpbssible if its water resources
(surface and underground) and the water balaneagmcisely determined. It is
particularly essential for the small drainage aréaswhich no water-gauge observa-
tions are provided.

The aim of this study was to estimate the watéarizz indexes for the selected
smaller drainage areas of the Tywa river basin. 83ignations were worked out for
the months of the summer half-year (IV-1X), halfays: winter (X-11I) and summer
(IV-1X) and the year (X-IX) within the multiple-yegperiod 1961-1990. The study
also presents the preliminary analysis of the pittion effect on the coefficient of
changes in the retention states.

The water balance was estimated by means of thegiequ

P=H+V +AR [mm]

where:
P - precipitation index, H - run-off index, V - gp@ration index,
AR - coefficient of changes in retention states
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GENERAL CHARACTERISTICSOF THE TYWA BASIN

The Tywa river is a right tributary of the East@dra (Fig.1). The area of the basin
equals 256,4 ki(IMGW 1980, 1983). The Tywa basin abuts on théndige areas
of the Rurzyca, M§la and Plonia. The Tywa river basin is locatedhiea XXX hy-
drographic region, 57 and 73 subregions, withinLtver Odra area (PAN 1959).
The areas of the individual smaller basins foralepted hydrometric cross sections
equal: A = 16,0 knf, A; = 17,2 kni, A4 = 118,0 km, and A = 252,0 ki (Duda et

al 1991). This study takes no account of the smdliainage area for the hydromet-
ric cross section No 2, due to the joint studieshefsurface water resources for the
hydrometric cross sections No 2 located in the Tyand Rurzyca river basins (no
possibility of the separate indication of the smmaliirainage areas for these cross
sections due to the hydrological bifurcation ocitgrbetween them). Detailed dis-
cussion of the problem is contained in the worbatla et al. (1991).

The Tywa basin is located in the climatic lands:-I¥yrzyce-Goleniéw and
VI - Myslibérz Lake District. The length of vegeiat period for these lands ranges
between 215 and 220 days (Prawdzic 1961).

The mean yearly precipitation for the Tywa drainagea (1961-1990) equals
559 mm. Wheraes for the smaller drainage areas ihi® individual hydrometric
cross sections: p.No 1 P =576 mm, p. No 3 P =rBi#6 p. No 4 P = 573 mm and p.
No 5 P =559 mm (Table 1). Due to these valuesclingate of the Tywa basin can
be recognized as slightly humid (Lambor 1965).

Below are the physiographic parameters, soil kamit$ the usage of the drain-
age area, according to the works of Duda et al4,192991). The density of the wa-
ter-courses in the Tywa basin equals 0,42 krfi/khre longitudinal declivity of the
river equals 2,2%, and the mean declivity of thaeirage basin - 18%. The mean
elevation of the drainage area equals#b7 m above sea level.

About 67% of the drainage area is covered withpbésolic soils which are
located in the central and lower parts of the bdsight brown and medium brown
soils cover about 27% of the drainage area andpycoainly its upper section. The
lakes (Dlugie Baskie, Dlugie, Strzeszowskie among others) - cantstitbout 3% of
the basin.

Arable grounds occupy 68% of the area, forests fanest arable grounds
about 8%. The utilization structure differs withine individual smaller drainage
areas, i.e.

— permanent grasslands from 8% (p.4) to 31% (p.13and

— forests and forest arable grounds from 0.6% (@286 (p.5)

- arable grounds from 67% (p.3) to 70% (p.4).
Proaczuk (1956) states that in order to provide forhgsis, the minimum area of
grass lands should equal 25%. Within the Tywa dgensystem, this condition is
met in the smaller drainage areas (p. 1 and 3}ddda the upper part of the basin.
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Table 1

Mean water balance indices (P, H,AR - mm), period 1961-1990, estimated for

smaller river basins of Tywa river basin

Indexes Half-
of water Months Year
balance years
X | Xl | Xl | I v v [ VvE[ VI VL | IX | X IV-IX IXX
Hydrometric cross section No 1
P 41| 46 50 | 38 31| 35| 42|53 71| 63 56 50 | 241 | 335 | 576
H 6 | 7 10 (12|13 15| 15| 12| 7 6 6 6 63 52 115
\% 22 9 5 5|18 (18|49 |69| 74| 80 72 50 | 67 394 | 461
AR 13| 30| 35 [21]|]10| 2 |-22|-28]-10| -23 | -22 | -6 | 111 | -111 0
Hydrometric cross section No 3
P 41| 46 50 | 38| 31| 35| 42|53 71| 63 56 50 | 241 | 335 | 576
H 6 | 8 12 (15|16 19| 19| 15| 8 6 6 6 76 60 136
\% 21| 9 4 5| 8 (17|47 |66| 71| 76 69 47 | 64 376 | 440
AR 141 29| 34 [ 18| 7 | -1 |-24|-28] -8 | -19 | -19 | -3 | 101 | -101 0
Hydrometric cross section No 4
P 41| 46 | 50 | 39| 32| 36 | 41|54 70| 62 54 48 | 244 | 329 | 573
H 71 8 10 (12|12 14| 14| 12| 8 7 6 6 63 53 116
\% 22| 9 5 5| 8171 49|69 74| 79 71 49 | 66 391 | 457
AR 12| 29| 3 | 22|12 5 [-23[-27|-12| -24 | -23 | -7 | 115 | -115 0
Hydrometric cross section No 5
P 40| 46 | 48 | 39 (32| 34 (41|52 67| 61 53 46 | 239 | 320 | 559
H 5] 6 10 (12|12 15| 15| 12| 7 5 5 5 60 49 109
\% 22| 9 4 5| 8 (17|48 | 68| 72| 78 70 49 | 65 385 | 450
AR 13| 31| 34 |22 12| 2 |-22|-28]|-12| -22 | -22 | -8 | 114 | -114 0

SOURCE MATERIALS

For the estimation of the water balance indexesnkegns of the correlates method
the following materials were taken:

mean monthly deficiency of the air humidity for threteorological station in
Lipki (archives of Chair of Agrometeorology, Agritwral University of
Szczecin),

precipitation index for the individual hydrometricoss sections for the years
1961-1985 was obtained from the work of Duda €1887), whereas for years
1986-1990 it was estimated by means of the metHodqaal precipitation
polygons on the basis of the precipitation for thkowing stations: Gryfino,
Linie, Trzciasko Zdroj, Banie, Widuchowa (archives of IMGW)

mean monthly, half-yearly and yearly discharge ehaes of Agricultural
Ameliorations Laboratory, Agricultural University 8zczecin.

Estimations of the water balance by means of theelades method were made
on the “Lambor 45" computer program (Jezierski 1992
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Fig. 1. Hydrographic map of Tywa river basin
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Precipitation indices

The precipitation indices P [mm] were estimatedniiyans of the method of
equal precipitation polygons. In the multi-yearipdr1961-1990 the variability of
the yearly precipitation = Pna/Pmin for the individual cross sections equaled:

hydrometric cross nRx Prin Ko = Prnax/Pmin
section number [mm] [mm]
1 835 290 2,88
3 835 290 2,88
4 800 307 2,61
5 731 308 2,37

Run-off indices

There are no multi-year observation records (watate, discharge) for the
Tywa basin, on which singular discharges and rds-@uld be estimated. Therefore
the estimations of the mean monthly, half-yearlyl early singular run-offs are
based on the method elaborated by Duda (1978).

The run-off indices H [mm] for the years 1961-198&re estimated on the ba-
sis of the mean monthly singular run-offs from therk of Duda et al (1991),
whereas for the years 1985-1990 the mean monthyukir run-offs Sq [I/&m?]
were estimated by the equations from Duda et @X),%0 be followed by the esti-
mation of the run-off indexes which were matchedanle 1.

Evaporation indices

Evaporation indices (V) were estimated by meangshef correlates method
(Lambor, 1956). The correlates method consisthénestimation of the filed evapo-
ration (evaporation from the soil and overgrowtether with transpiration) basing
on the deficiency of air moisture.

The balance estimations were based on the hydoiagir from October 1 to Sep-
tember 30 (X-IX). The winter half-year comprises theriod between October 1 and
March 31 (X-11), and the summer one between Afriknd September 30 (IV-1X)
respectively. This division differs considerablyrr the hydrologic year (XI-X),
commonly assumed for the estimations due to the tfeat April is a vegetation
month in agriculture.

The field evaporation (V) estimated by means ofdheelates method from the
multi-year period 1961-1990 equals:

hydrometric cross V [mm]
section number X-1 IV-1X X-1X
1 67 394 461

3 64 376 440
4 66 391 457
5 65 385 450
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The yearly field evaporation for the smaller drgi@eareas into each hydrometric
cross section ranges from 440 mm (p.3) to 461 mm).(®ut of the total yearly

evaporation, 14% (p.4 and 5) and/or 15% (p.1 andcB8rs in the winter half-year
(X-1), whereas 86% (p.4 and 5) and 85% (p.1 ahihdhe summer half-year (IV-

IX), respectively.

Coefficients of changesin retention states

The coefficients of changes in retention stafd®)(have resulted from the sub-
traction of the precipitation, run-off and fieldaporation AR = P - H - V). The val-
ues are shown in Table 1.

DISCUSSION ON THE INDICES OF WATER BALANCE DETERMINED
FOR THE SMALLER DRAINAGE AREAS FOR THE ACCEPTED
HYDROMETRIC CROSS SECTIONS OF THE TYWA RIVER BASIN (1961-
1990).

Hydrometric cross section No 1

The mean yearly precipitation index (Table 1) eg&6 mm, out of which 241
mm (42%) is assigned to the winter half-year, aBsl @im (58%) to the summer one.
The year with the heaviest precipitation was 1996 (835 mm), whereas the heavi-
est drought occurred in 1963 (P = 290 mm). The mara monthly precipitation
index P = 174 mm was observed in August 1978, vesetee minimum one P = 3
mm in March 1984 (Table 1).

The mean yearly run-off index (Table 1) equals iri§, out of which 63 mm
(55%) is assigned to the winter half-year, and 52 (45%) to the summer one. The
maximum yearly run-off index occurred in 1988 (HL81 mm), whereas the mini-
mum one in 1990 (H = 62 mm). January 1975 was cheniaed by the maximum
run-off (H = 30 mm), whereas the minimum run-off €-B mm) occurred repeatedly
(August and September 1976 and 1982, August, Steteamd October 1983, Octo-
ber 1984, July, August, September 1989 and Ociamh@&November 1990).

The mean evaporation index (Table 1) equals 461 ounof which 67 mm
(14%) is assigned to the winter half-year, and 3@d (86%) to the summer one. The
maximum evaporation occurred in 1982 (V = 669,3 mamd the minimum (V =
361,8 mm) in 1965. The maximum monthly evaporatimdex for the summer
half-year occurred in September 1982 (V = 195 mwiereas the minimum one (V
= 31,8 mm) in September 1978 (Table 1).

The maximum retention increasAR = 288,2 mm) was observed in 1965,
whereas the maximum decread® (= -325,3 mm) in 1982. The maximum coeffi-
cient of the retention change8R = 103,4 mm) occurred in August 1978, whereas
the minimum oneX4R = -186 mm) in September 1982 within the summéryear.
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Hydrometric cross section No 3

The mean yearly precipitation index (Table 1) eg&6 mm, out of which 241
mm (42%) is assigned to the winter half-year, aB8l im (58%) to the summer one.
The year with the heaviest precipitation was 1996 (835 mm), whereas the heavi-
est drought occurred in 1963 (P = 290 mm). The mara monthly precipitation
index (P = 213 mm) was observed in June 1990, valseitee minimum one (P = 6
mm) in June 1970.

The mean yearly run-off index (Table 1) equals &86, out of which 76 mm
(56 %) is assigned to the winter half-year, andr® (44 %) to the summer one. The
maximum yearly run-off index occurred in 1967 (HL67 mm), whereas the mini-
mum one in 1979 (H = 45 mm). September 1979 wasactaxrized by the maximum
run-off (H = 45 mm), whereas the minimum run-off 2 mm) occurred repeatedly
(September 1992, July, August, September 1989).

The mean evaporation index (Table 1) equals 440 cunof which 64 mm
(14%) is assigned to the winter half-year, and 3in6 (86%) to the summer one. The
maximum evaporation occurred in 1982 (V = 647,3 mamd the minimum (V =
343.6 mm) in 1965. The maximum monthly evaporatiatex for the summer half-
year occurred in September 1982 (V = 187,9 mm),redeethe minimum one (V =
30 mm) in September 1978.

The maximum retention increasédR = 279,4 mm) was observed in
1965,whereas the maximum decreadR € -333,3 mm) in 1982. The maximum
coefficient of the retention changesR = 107 mm) occurred in August 1978 for the
summer half-year (IV-1X), and the minimum ondR = -177,9 mm) in September
1982.

Hydrometric cross section No 4

The mean yearly precipitation index (Tablel) eq&d8 mm, out of which 244
mm (43%) is assigned to the winter half-year, a2@ @im (57%) to the summer one.
The year with the heaviest precipitation was 1996 (800 mm), whereas the heavi-
est drought occurred in 1963 (P = 307 mm). The mara monthly precipitation
coefficient (P = 206 mm) was observed in May 198Bereas the minimum one (P =
3 mm) in March 1984.

The mean yearly run-off index (Table 1) equals i, out of which 63 mm
(54%) is assigned to the winter half-year, and 53 (46%) to the summer one. The
maximum yearly run-off index occurred in 1988 (HLZ8 mm), whereas the mini-
mum one in 1990 (H = 72 mm). April 1979 was chardzed by the maximum run-
off (H = 30 mm), whereas the minimum run-off (H =mm) occurred repeatedly
(August and September 1976, 1981 and 1982, OctafierNovember 1984, July,
August, September 1989 and October and Novembél)199

The mean evaporation index (Table 1) equals 457 ounof which 66 mm
(14%) is assigned to the winter half-year, and 3@4 (86%) to the summer one. The
maximum evaporation occurred in 1982 (V = 665,5 mamd the minimum (V =
360,6 mm) in 1965. The maximum monthly evaporatiodex for the summer
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half-year occurred in September 1982 (V = 193 nwinereas the minimum one (V
= 31,7 mm) in September 1978.

The maximum retention increaseAR =253,4 mm) was observed in
1965,whereas the maximum decrealR € -324,5 mm) in 1982. The maximum
coefficient of the retention change8R = 93,2 mm) occurred in June 1990 for the
summer half-year, and the minimum oA&(= -185 mm) in September 1982.

Hydrometric cross section No 5

The mean yearly precipitation index (Table 1) eg&&9 mm, out of which 239
mm (43%) is assigned to the winter half-year, a2@d @im (57%) to the summer one.
The year with the heaviest precipitation was 19 % (731 mm), whereas the heavi-
est drought occurred in 1963 (P = 308 mm). The mari monthly precipitation
index P = 186 mm was observed in June 1990, whéneasinimum one P = 4 mm
in April 1974.

The mean yearly run-off index (Table 1) equals @08, out of which 60 mm
(55%) is assigned to the winter half-year, and 48 (45%) to the summer one. The
maximum yearly run-off index occurred in 1988 (HL81 mm), whereas the mini-
mum one in 1990 (H = 52 mm). April 1979 was chardzed by the maximum run-
off (H = 34 mm), whereas the minimum run-off (H =nm) occurred repeatedly
(August and September 1979, September 1982, AunstSeptember 1983 and
July, August and September 1989).

The mean evaporation index (Table 1) equals 450 ocunof which 65 mm
(14%) is assigned to the winter half-year, and 385 (86%) to the summer one. The
maximum evaporation occurred in 1982 (V = 657,1 mamd the minimum (V =
354,2 mm) in 1965. The maximum month evaporatioeffatent for the summer
semi-year occurred in September 1982 (V = 189,9 mwhgreas the minimum one
(V =31,1 mm) in September 1978.

The maximum retention increasAR = 245,8 mm) was observed in 1965,
whereas the maximum decread® (= -338,1 mm) in 1982. The maximum coeffi-
cient of the retention change8R = 105,1 mm) occurred in June 1990 for the sum-
mer half-year (IV-IX), and the minimum on&R = -177,9 mm) in September 1982.

Precipitation effect on the coefficients of changesin retention states

One of the factors which effects the coefficientglmanges in retention states
(AR) is the precipitation (P). In order to estimaies teffect, the correlation coeffi-
cients (r) and the linear regression equations wetignated. The estimations were
worked out for the winter half-year (X-IIl). Thenkar regression equations, correla-
tion coefficients and the errors of standard edionaare matched in Table 2. The
linear regression equations will allow the antitipa of the coefficient of changes of
retention states for the day of April 1, i.e. thegimning of the vegetation season. The
equations presented in this study constitute teérpinary to the further analysis of
the effects of the climatic factors, physiograpparameters and soil genera, to be
presented in another study by the authors. Theysisabf the precipitation effect
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(from various periods) and the mean air temperata® presented in Duda a#g-
gas (1983) for the rivers of the northern part afZ&cin region. The values of the
correlation coefficients between the coefficientbénges in retention statés.)
and the precipitation (8,) presented in Duda anflygas (1983) are very high-
essential, at the essentiality level p = 0.1%, Isirlyi to those obtained in this study.

CONCLUSIONS

1.

The precipitation index for the Tywa basin from tmelti-year period 1961-
1990 equals P = 559 mm out of which 239 mm i.e. 48%ssigned to the win-
ter half-year, and 320 mm, i.e. 57% to the summe. o

The coefficients of the yearly precipitation irrdayity for the smaller drainage
areas of Tywa range between 2,61 (p.4) and 2,88 p.3).

The mean run-off index from the multi-year perid®@b51-1990 equals H = 109
mm out of which 60 mm, i.e. 55% is assigned towlter half-year, and 49
mm, i.e. 45% to the summer one.

The coefficients of the yearly run-off indexes guéarity for the individual
smaller drainage areas of the Tywa range from @44 to 4,39 (p.5)

The mean evaporation index from the multi-yearquki961-1990 equals V =
450 mm, out of which 65 mm, i.e. 14% is assignetheowinter half-year, and
385 mm, i.e. 86% to the summer one.

The correlations between the coefficient of retamtthanges from the winter
half-year and the precipitation index of the wintalf-year for the smaller
drainage areas of the Tywa are very high-essesiagbtically, proven at the es-
sentiality level p = 0.1%.

Table 2

Correlation coefficients r, linear regression egque, errors of standard estimations

S)x [mm] for relation between relation index DR [mnmcaprecipitation index P

[mm] for some smaller river basins in the Tywa riasin

Number of Correlation Error of standard
hydrometric coefficient r Linear regression equation estimation
cross section [mm]

1 0,94*** DRX_||| = -79,272+0,789f?||| 18,3

3 0,87*** DRy. = -65,957+0,6968, 24,9

4 0,96*** DRy.y = -78,495+0,795L, 14,6

5 0,93*** DRy.y = -62,899+0,742, 17,5

explanation: *** - correlation with probability p 0,1%
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BILANSE WODNE ZLEWNI CZASTKOWYCH
DORZECZA RZEKI TYWA (1961 - 1990)

Streszczenie

W pracy przedstawiono wskaiki bilansu wodnego dla wybranych zlewniastko-
wych dorzecza Tywy. Obliczenia wskakéw bilansu wodnego wykonano dla mie-
siecy potrocza letniego (IV-1X), pétroczy: zimowego {X) i letniego (IV-IX) oraz
roku (X-1X) wielolecia 1961-1990.

W pracy przedstawiono réwrievsiepng analiz wpltywu opadu na wskaik zmian
stanow retenciji.



