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Introduction

One of the top priorities regarding water retention is to 
maintain water from spring thaw and precipitation in all 
kinds of ponds, water holes, land lows and pits of gravel, 
clay and sand [1-3]. The aim of such procedures is mainly 

to prolong the method and time of water circulation in 
the water catchment [4], which consequently leads to an 
increase in water resources as well as an improvement of 
the effectiveness of the exploitation of the water gathered 
in the catchment area [1].

small water bodies are the element of an agricultural 
landscape which enables increasing the amount of water 
retained in the catchment in a relatively easy and eco-
nomical way without any costly investments [5-7]. These *Corresponding author; e-mail: radjusz@au.poznan.pl
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Abstract

The potential increase of water retention capacity in the ponds of the Wyskoć catchment in western 
Poland is estimated and presented. only water bodies having area smaller than 2 ha were taken into con-
sideration. There are 638 ponds in the Wyskoć catchment, from among wetland and grassland ponds are 
the most numerous (they both constitute about 59% of all water bodies). The analyzed ponds retain above 
562x103 m3 of water. However, the amount of retained water could be increased by 886x103 m3 (in relation 
to current pond retention) if  pond retention is considered and by other 880x103 m3 in case of groundwater 
retention in areas adjoining. The increase of water level in ponds from 0.5 to 1.5 m due to damming water 
in the outflow or retention of drainage water so far unproductively discharged out of the catchment area 
was considered as a potential source of retained water. The highest relative increase of water retention in 
ponds and in adjoining areas could be obtained in midfield and farmstead ponds with the smallest aver-
age area. However, for the smallest water bodies with surface area less than 0.5 ha, the potential relative 
increase of groundwater retention is higher than the retention increase in the pond itself. This means that 
the smaller the pond and the smaller value of current water body retention, the bigger relative increase of 
groundwater retention in the areas adjacent to pond in relation to the increase of the water level in pond. 
The results proved that the small ponds could be very valuable elements of a landscape influencing water 
regime of agriculturally managed areas. They should be protected and used for water storage. The pre-
sented method could be useful to fast, easy and cheap macro-scale estimation of potential water capacity 
of water bodies.
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reservoirs are characterized by a big retention capacity [2, 
3]. The use of such ponds for the retention of drainage 
waters, so far unproductively discharged out of the catch-
ment area, can contribute to an increase of the amount of 
retained water even by several times which, in turn, can 
substantially improve the structure of water balance in ar-
able lands [2, 4, 6, 8].

hydrology of water bodies is closely related to the 
level of groundwaters in the area of their microcatchment 
[3, 9-15], thus water damming in a pond results not only 
in the increase of water retention in the reservoir, but also, 
above all, in the increase of groundwater retention in the 
adjoining area [3, 16-18]. The range of pond impact on 
the increase of groundwater retention depends on the kind 
of soil and the growth of the water level in the pond in 
relation to the level of the groundwater in the adjoining 
area [11, 19]. The impact of the water body on the adjoin-
ing area is much bigger in light soils than in heavy soils. 
Moreover, a small pond has a relatively stronger impact 
than a big one [18]. The range of such an impact may be 
as long as 200 m [20].

despite the positive hydrological influence of small 
water bodies on water regime of their catchment and 
amount of stored water (useful e.g. to irrigation), their 
significance is very often minimized and since 1945 has 
progressively declined [21]. What is more, the existence 
of small ponds is endangered due to strong anthropogenic 
impact [5, 6, 22-25]. Many of them were completely de-
graded by human activities (intensive agriculture, urban 
encroachment, industrial development, expending trans-
port infrastructure) and disappeared [26-30]. For example, 
losses of small ponds throughout the north Western eu-
rope could even reach a value of 40-90%, depending on 
the region [27]. Thus, the aim of this study is to assess the 
existing and potential water resources retained in small 

ponds of Wyskoć agricultural-forest catchment in order to 
prove a high significance of ponds as water retention res-
ervoirs. Approximate fluctuations of the water retention 
capacity of  ponds and groundwater in the adjoining area 
were taken into consideration in the calculations.

Study Area

The study catchment is located about 50 km south 
of Poznań (southern part of the Wielkopolska region) 
in western Poland. The total catchment area equals 
182.5 km2. owing to significant differences of land use 
structure and geomorphology of the catchment area, 
this watershed was divided into two parts known as 
the Turew region and the dolsk region (Fig. 1). The 
Turew region (western part of the catchment) is a rural 
area, which besides a considerable share of arable lands 
is characterized by a lack of lakes. The dolsk region 
(eastern part of the catchment) is characterized by a 
big share of forests, lakes and wetlands, in relation to 
a relatively small area occupied by arable lands. The 
dominant form of the land configuration of this region 
is a rolling ground moraine which is abundant in non-
outflow local hollows, among them terminal moraines 
and eskers occur.

The terrain consists of rolling plain, made up of slightly 
undulating ground moraine, with many drainage valleys. 
In general, light textured soils (Hapludalfs, glossudalfs 
and less frequentlymet udipsamments) with favorable 
water infiltration conditions are found in uplands. deeper 
strata are poorly permeable and percolating water seep to 
valleys and ditches or main drainage canal. in depressions 
endoaquolls, poorly drained, collect water runoff and dis-
charge it to a surface drainage system [31].

Fig. 1. location of the Wyskoć catchment.
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Methods

The inventory of the water bodies in the area of the 
Wyskoć catchment was carried out in the period 2003-04. 
only water reservoirs of the area between 25 m2 and 2 ha, 
which can be permanent or seasonal, natural or man-made 
were taken into account during analyses, since only such 
water bodies are recognized as “small” ponds, according 
to the classification of water bodies applied in great Brit-
ain [32-37]. each pond was characterized in detail, con-
sidering its morphological and ecological features. after 
the exact area of the water bodies had been established, 
their retention capacity and possible retention increase of 
water were estimated, both in the pond and in the ground-
water adjoining it.

current retention of pond Vw was calculated, assuming 
that a pond is a cylinder with radius r and depth h, accord-
ing to the formula of a cylinder volume (eq. 1)

 
2

wV r hπ= ⋅ ⋅   (1)

Because it was not possible to measure a yearly dy-
namic of water level fluctuations in ponds (to calculate 
an average value of pond water depth), it was assumed in 
the calculations carried out in this study, that an average 
yearly depth of water in a pond is 0.5 m [38]. This value 
could not be precise.

The damming of water in a water body results in the 
increase of pond retention as well as retention of the 
groundwater in the area adjoining the pond (obviously, as-
suming that there is an undisturbed hydraulic connection 
between the water in a pond and the groundwater in the 
adjoining area) [39, 40]. The potential increase of reten-
tion in pond ΔVo, was calculated using the truncated cone 
volume formula (eq.2):

 
( )( )2

3o

x R r R r
V

π ⋅ ⋅ + − ⋅
∆ =

  
(2)

The height of the cone represents the height of water 
damming in pond x, and its bases have radiuses r and R re-
spectively (Fig. 2). The maximum of water damming x de-
pends on the height of the pond banks and is limited to the 
height which not lead to the flooding of the pond adjoining 
area (as a result of water damming). The maximum level 
of the water damming estimated during field survey is pro-
vided for up to 1.5 m in height. radius r equals the radius 
of the cone, which represents the surface area of a pond. 
radius R of the upper base of the truncated cone depends 
on the inclination angle of the pond banks. The smaller the 
inclination angle of the water body banks, the bigger ra-
dius R will be. Three kinds of banks were introduced: very 
steep, steep, and gentle. It was assumed that for very steep 
slopes, the height x of the right triangle inscribed into the 
section of a pond after water damming (a trapezoid) will 
be three times bigger than its base a, x=3a (Fig. 2). In such 

a case, the slopes of a pond are inclined at the angle not 
smaller than 67°. In the case of steep slopes, the height of 
this triangle will equal its base x=a, and the inclination an-
gle of pond banks is about 45°. In the case of gentle slopes, 
the base of the right triangle will be three times bigger than 
its height, x=1/3a. In a pond with gentle slopes, the banks 
are inclined at an angle of about 22°. To sum up, for very 
steep slopes the radius R=r+1/3x, whereas for steep slopes 
R=r+x, and for gently inclined banks R=r+3x.

catchment basin of most ponds usually has a shape 
of more or less visible hollows. That means that both soil 
surface and groundwater level are gentle slopes down to 
the pond [20, 40]. Considering this, it is obvious that af-
ter damming water in a pond (if there is a hydraulic con-
nection of water in a pond with groundwater in adjoining 
area) the groundwater level will also increase. The figure 
one can see in cross section of a pond will be a cone (Fig. 
2). The range of the impact of water damming in a pond 
on the level of groundwater in the adjoining area can vary 
from a few dozen to up to a few hundred meters, depen-
dent on the shape of the catchment basin and soil types 
[11, 19, 40]. In Wielkopolska soil conditions, the range of 
such impact may even reach 200 m [20]. Thus, when cal-
culating the average increase of groundwater retention it 
was assumed that the average range of water damming up 
is 100 meters, when the water level in the pond increases 
by 1 meter and depends on the height of the dam-up (the 
100 m is multiplied by a height of water damming). It 
means that the higher increase of water level in a pond, 
the bigger the range of the impact of water damming and 
the other way round.

The potential increase of groundwater retention ΔVg 
was calculated similarly to the one in the case of a water 
body, assuming that the range of water damming impact 
is the same in the whole circumference of a pond and is 
100(m)x, while the geometric figure reflecting the process 
is a truncated cone with volume ΔVgz. The height of the 
cone equals the height of water damming in a pond x, 
while the radiuses of its bases are r and Rp respectively. 
radius r equals the radius of the cone, which represents 
the square area of a water body. next, radius Rp of the top 
base of the truncated cone equals the sum of radius R and 
the range of water damming impact Z=100x. radius Rp of 
the truncated cone with volume ΔVgz was calculated ac-
cording to the formula (eq.3):

 100pR R x= + ⋅   (3)

Volume of the truncated cone ΔVgz was calculated ac-
cording to the formula eq.4:

 

( )( )2

3
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V
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(4)

The increase of groundwater retention ΔVg was cal-
culated on the basis of the remainder of volumes of 
the two truncated cones. The volumes taken into con-
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sideration were respectively the volume of the trun-
cated cone, which represents an increase of water in a 
pond ΔVo (eq.2), and the volume of a truncated cone, 
which represents an increase of groundwater retention 
ΔVgz, while water damming is x and the range of dam-
ming impact is Z=100x (eq.4). The amount of retained 
groundwater depends obviously on the porosity of soil. 
It was assumed in the calculations, that for the soils in 
the Wyskoć catchment area, the value of effective po-
rosity coefficient ne is 0.12 [19]. Thus, the increase of 
groundwater retention can be calculated using the fol-
lowing formula (eq.5):

 ( )g gz o eV V V n∆ = ∆ − ∆ ⋅   (5)

using equations 2 and 4 in equation 5, after reduction, 
we obtain the following formula (eq.6):
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  (6)

This formula allows us to calculate an approximate in-
crease of groundwater retention around a pond in which 
water damming is x. Also, the ratio of the increase of 
groundwater retention to the retention of water in a pond 
was calculated (eq.7):

 

g

o

V
K

V
∆

=
∆   

(7)

using the method described above, all calculations 
were carried out for several types of ponds: midfield 
ponds, forest ponds, grassland ponds, wetland ponds and 
farmstead ponds (located directly near buildings) [5]. 
each water body can be classified as one of the above 
types depending on the kind of land dominating within 
the area of the pond. 

What is more, the assessment of the pond retention 
capacity as well as the assessment of retention increase 
were made by dividing the above-mentioned types of wa-
ter bodies into three classes of ponds with different sur-
face area <0.5 ha, 0.5-1.0 ha and >1.0 ha.

Results

There are 638 ponds with surface area smaller than 2 ha 
in the Wyskoć catchment. on average there are 3.5 ponds per 
one square kilometer. Most of them are ponds located in wet-
lands (212, i.e. 33.2%) and in grasslands (162, i.e. 25.4%). 
Then, 17.1% of water reservoirs were rated among mid-
field ponds whereas farmstead and forest ponds constitute 
12.7% and 11.6% of water bodies respectively (Table 1). The 
most numerous in each of the above-mentioned reservoirs 
are ponds with areas smaller than 0.5 ha and they constitute 
about 90% of all water bodies of each kind.

The water bodies of the Wyskoć catchment belong 
rather to very small water ecosystems. The biggest of 
them are ponds located in wetlands and forests (their av-
erage areas are bigger than 2000 m2), and the smallest of 
them are midfield ponds (1112 m2). The average area of a 
pond in the class with the area below 0.5 ha, is 1050 m2. 
Whereas the average area of a pond in the class from 0.5 
to 1.0 ha is 7019 m2 and in the case of water bodies bigger 
than 1.0 ha, it is about 1.5 ha (Table 1).

The analyzed ponds retain above 562x103 m3 of water 
which, when calculated by the area of the studied catch-
ment, gives the layer of water about 3 mm thick (Tables 1 
and 3). The amount of water retained in the ponds located 
in wetlands is much bigger than the amount of water re-
tained in other types of water bodies. These ponds retain 
as much as 41% of the whole amount of water gathered in 
the analyzed water bodies.

The average retention of a single pond is 881 m3 (Table 
1). The biggest individual retention is observed in wetland 
and forest ponds, where the average water retention ca-
pacity is above 1000 m3, whereas in the smallest midfield 
ponds, it is barely 550 m3. Ponds located in grassland and 
built-up areas retain about 800 m3 of water on average. it 
is worth emphasizing that the smallest water bodies with 
areas not bigger than 0.5 ha, retain altogether from about 
50% (wetland and forest ponds) to about 60% (midfield 
and farmstead ponds) of water retained in all ponds of a 
given type.

The shapes and the height of pond banks were ana-
lyzed in order to estimate possibilities of increasing the 
amount of water retained in them. On the basis of this 
analysis the maximum increase of water level in a pond 

Fig. 2. scheme used for the calculation of changes of pond and 
groundwater retention as a result of water level increase in a 
pond (r – a pond radius before water damming; R – a pond ra-
dius after water damming; Rp – a radius of an area where the 
increase of groundwater retention is observed; x – the height of 
water damming in a pond; Z – the range of impact of water dam-
ming; h – average depth of water in a pond
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was established and was found to oscillate between 0.5 to 
1.5 m above the current water level in the pond. Thus the 
established average of the maximum possible increase of 
the water level above the average water level in a pond 
observed during the inventory studies is 0.73 m for grass-
land and wetland ponds, 0.79 m for forest ponds, 0.91 m 
for farmstead ponds and 1.0 m for midfield ponds (Table 
2). Practically in each of the analyzed types of water bod-
ies (apart from farmstead ponds) this parameter reaches 
the highest value in the class of the smallest ponds with 
the area smaller than 0.5 ha. only in the case of farmstead 
ponds does the value of the parameter increase with the 
area of the water body and for ponds above 1 ha it is 1.25 
m. However, this observation concerns only a very small 
fraction of ponds. The increase of the retention capacity 
of water bodies may be possible by the increase of the 

level of water in the non-outflow ponds (e.g. by retaining 
drainage outflows) or by water damming (by means of 
dams) on the flow of out-flow ponds. The assumed values 
of the water level increase (damming) directly influence 
the results of the analyses of the increase of the water vol-
ume in a pond as well as groundwater in adjoining areas. 
it was assumed that the accepted height of damming does 
not cause flooding of the area adjacent to the pond.

during the exploitation of the retention capacities of 
the water bodies in the studied catchment, it was observed 
that the volume of water retained in these ponds can be 
increased by as much as 158%, i.e. by 886x103 m3 (in re-
lation to the current pond retention) (Table 2). This figure 
calculated by the catchment area gives a layer of water 
almost 5 mm thick (Table 3). The highest relative increase 
can be obtained in farmstead (209%) and midfield (188%) 

Table 1. Characteristics of ponds in the Wyskoć catchment regarding their area and the amount of water retained.

Types of water 
bodies number of ponds

area Current pond retention Vw

Total
[ha]

average area
[m2]

Total
[103 m3]

average retention 
[m3]

Midfield ponds 109 12.12 1112 60.60 556

< 0.5 ha 104 7.37 709 36.85 354

0.5 – 1.0 ha 4 3.15 7875 15.75 3938

> 1.0 ha 1 1.60 16000 8.00 8000

Grassland ponds 162 25.80 1593 129.00 796

< 0.5 ha 150 15.45 1030 77.25 515

0.5 – 1.0 ha 9 5.75 6389 28.75 3194

> 1.0 ha 3 4.60 15333 23.00 7667

Wetland ponds 212 46.28 2183 231.39 1091

< 0.5 ha 189 22.86 1209 114.29 13

0.5 – 1.0 ha 15 9.99 6660 49.95 3330

> 1.0 ha 8 13.43 16788 67.15 8394

Forest ponds 74 15.26 2063 76.32 1031

< 0.5 ha 67 7.91 1181 39.57 591

0.5 – 1.0 ha 4 3.30 8250 16.50 4125

> 1.0 ha 3 4.05 13500 20.25 6750

Farmstead ponds 81 13.00 1605 65.02 803

< 0.5 ha 75 7.81 1042 39.07 521

0.5 – 1.0 ha 4 3.08 7700 15.40 3850

> 1.0 ha 2 2.11 10550 10.55 5275

Ponds AlTogeTHer 

< 0.5 ha 585 61.40 1050 307.02 525

0.5 – 1.0 ha 36 25.27 7019 126.35 3510

> 1.0 ha 17 25.79 15171 128.95 7585

TOTAL 638 112.46 1763 562.32 881
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ponds. The average relative retention increase obtained in 
grassland, wetland and forest ponds varies from 143% to 
150%. The increase of pond retention capacity depends 
above all on the area of the pond and the height of its 
banks. The bigger the area and the higher the banks of 
ponds, the higher the absolute increase of pond volume 
retention. However, the relative increase of retention (ex-
pressed in the percentage of the current pond retention 
capacity) in the ponds located in agriculture and built-
up areas are bigger than in other types of the analyzed 
water bodies mainly due to higher banks. Moreover, the 
relative increase of pond retention is the biggest (besides 
farmstead ponds) in the class of the smallest ponds, below 
0.5 ha. In the scale of the whole catchment and all water 
bodies with surface area smaller than 0.5 ha, the increase 
is 167%, while in the ponds with area bigger than 1.0 ha, 
the increase is barely 146%. The results obtained indicate 
explicitly that the relative increase of pond retention ca-
pacity can be the biggest in the smallest ponds, which are 
the most numerous in the catchment area.

Water damming in a water body usually results in the 
increase of groundwater level in the area adjacent to the 
pond [12, 39, 40]. It was assumed in the calculations that 
the range of damming impact (Z) on the groundwater 
level is changeable and depends on height (x) of dam-
ming (Z=100x). The higher the level of water damming 
in a pond, the wider the range of its potential impact and 
at the level of damming 1 m high, the range of impact 
amounts to 100 m. The calculated average relative in-
crease of groundwater retention (after the damming/in-
creasing the water level in a pond) in the area adjoining 
the ponds amounts to 157% of the current pond retention 
capacity (i.e. 880x103 m3) (Table 2), which calculated by 
the area of the catchment gives a layer of water 4.8 mm 
thick (Table 3).

The highest increase of groundwater retention can be 
obtained for midfield ponds (as much as 414%) and farm-
stead ponds (265%). The average increase of groundwater 
retention calculated for grassland and forest ponds runs at 
the level of 121-132% and for wetland ponds barely 86% 
(Table 2). It is worth emphasizing that only in the case of 
midfield and farmstead ponds is the increase of ground-
water retention higher than the increase of retention in the 
pond and assumes the values from about 30x103 m3 in the 
area adjacent to farmstead ponds to over 135x103 m3 in 
the area adjacent to midfield ponds. This means that a po-
tentially obtainable groundwater retention increase in the 
area adjoining the midfield ponds (which have the small-
est average areas) is over twice as high as the increase of 
water in the pond itself. Moreover, the highest absolute 
and relative increase of the state of groundwater reten-
tion is obtainable in the area adjoining the smallest water 
bodies, with an area not bigger than 0.5 ha. The average 
increase of the groundwater retention in the area adjacent 
to these water bodies amounts to 89% (in the scale of 
all ponds) and varies from 84% (wetland and farmstead 
ponds) to as much as 97% (midfield ponds) of water that 
can be gathered in the soil of the area adjacent to respec-

tive types of ponds. The relative increase of the groundwa-
ter level in the area adjacent to water bodies smaller than 
0.5 ha amounts to 257% on average and oscillates from 
146% for wetland ponds to as much as 661% for midfield 
ponds, while in the case of the biggest ponds (with the 
area above 1.0 ha) such an increase fluctuates from about 
20% (midfield, grassland, wetland and forest ponds) to 
120% (farmstead ponds). This situation is influenced not 
only by the surface area of a pond but also by the height 
of water damming (the higher damming the larger area 
where groundwater level may increase). The smaller area 
of a pond and higher the water damming, the bigger the 
relative increase of groundwater retention (obviously in 
relation to the current retention level of the pond).

as a result of purposeful actions aimed at increasing 
the water retention in ponds, the resources of water re-
tained in the catchment can be increased by 1.76 million 
m3 (the total increase of reservoir and groundwater reten-
tion), i.e. by 314% in relation to the current state of pond 
retention (Table 2). such an amount of water gives a layer 
of almost 10 mm spread on the whole area of the catch-
ment (Table 3). The highest increase of total retention can 
be obtained for midfield and farmstead ponds. The rela-
tive average increase of total retention (for both pond and 
groundwater) which can be obtained for midfield ponds 
amounts to 602% and for farmstead ponds up to 474%. 
such an increase is even two or three times bigger than in 
other types of analyzed ponds located in grassland, wet-
land and forests. In the case of these water bodies, rela-
tive increase of total retention varies from 230% (wetland 
ponds) to 278% (forest ponds). obviously, the potential 
relative increase of total retention is the highest for ponds 
with the area smaller than 0.5 ha and amounts to as much 
as 879% in the case of midfield ponds. Within each of the 
analyzed types of water bodies with an area smaller than 
0.5 ha, the absolute average increase of total retention 
varies from 63% for wetland ponds to 89% for midfield 
ponds (on average 73% for all ponds) of all water that can 
be totally retained in the water bodies of a given type as 
well as groundwater in the adjoining areas.

To sum up, it should be emphasized that, in the case of 
the smallest ponds with the area less than 0.5 ha, a potential-
ly obtainable relative increase of groundwater retention is 
higher than the increase of reservoir retention (reflected by 
the calculated ratio ΔVg/ΔVo). The value of the ratio amounts 
to 1.54 for the above-mentioned ponds in the scale of all 
ponds of the Wyskoć catchment and fluctuates from 0.99 
for wetland ponds to as much as 3.04 for midfield ponds. 
The increase of groundwater retention that can be obtained 
after damming water in grassland, wetland and forest ponds 
is lower than the retention increase in the pond itself (ratio 
ΔVg/ΔVo is about 0.6-0.9), mainly due to the bigger average 
area of these water bodies and lower banks (the lower banks 
the lower damming is possible and the area where ground-
water level may increase is smaller). Taking all the above 
into consideration, it can be hypothesized that the smaller 
the pond and the smaller resources of current pond retention 
of a given water body, the higher the relative increase of 
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groundwater in the adjoining area can be, in relation to the 
retention increase in the reservoir itself.

Discussion of results

The study analyzes retention capacities of small ponds 
located in the Wyskoć catchment. Moreover, the poten-
tially obtainable increase of the states of groundwater and 
pond retention was estimated for water bodies located in 
fields, grassland, wetland, forest and built-up areas.

The obtained results indicate that the smallest ponds 
in agricultural landscape (with the area smaller than 2 
ha) have significant retention capacities and that there are 
possibilities of increasing water resources in the studied 
catchment. Thus, these results confirm studies of other 
authors [2, 3, 16, 18, 41] investigating the problem of as-
sessing morphological parameters and retention capacity 
of ponds. It should be emphasized that small ponds are 
very numerous in all landscape types. For example, in the 
usA the number of small water bodies with area larger 
than 25 m2 reaches a value of 9x106 and their average 
density is about 0.9 pond per km2 [41]. In the lowland 
part of great Britain, there are about 0.4x106 ponds (av-
erage density 1.5 water bodies per km2) [36]. The den-
sity of ponds of different landscapes of europe differs 
significantly, usually reaching a value of about 0.3-1.5 
ponds per km2 [30, 36, 43, 44, 45]. However, in many 
areas there are about 10-20 ponds per km2 [43, 44, 46, 
47] or even 100 [48, 49]. As indicated by many authors, 
the surface area of the majority (even 90-98%) ponds 
does not exceed 1 ha [42, 50, 51]. Thus, considering that 
many small ponds have been lost on a large scale during 

the twentieth century [27], it would be reasonable to use 
these existing ponds to retain rainwater from drainage 
systems [2] because this could be one method of effec-
tive water body protection [6].

using ponds with area smaller than 2 ha for retention 
of drainage water as well as damming water in the out-
flow ponds will allow an increase, by almost three times, 
of the amount of water currently retained in those water 
bodies. is it much? if we calculate the amount of water 
retained in water bodies and the potential increment of 
water stored in them by mm and relate this value to the 
area of the whole catchment area, we can undoubtedly 
claim that these values are very small. since the maxi-
mum thickness of water layer accumulated, due to reten-
tion procedures in ponds and groundwater of the adjacent 
areas, can amount only up to 10 mm (calculated by the 
area of the catchment). However, it should not be for-
gotten that water from small ponds is usually managed 
in much smaller areas, limited actually to the borders 
of their microcatchments. In such a context, the amount 
of retained water (related to the area of the microcatch-
ments) can even be as thick as several dozen mm [2, 5, 
38]. Therefore, the significance of ponds (as small water 
retention objects) in increasing water resources of the 
studied region can be very big.

it is a fact of great importance that the biggest relative 
increase of water pond retention and groundwater reten-
tion can be obtained in the case of ponds with the small-
est area and the smallest resources of current pond reten-
tion. The relative increase of total retention (both pond 
and groundwater) possible to be obtained in midfield and 
farmstead ponds is two or even three times bigger than 
in the case of grassland, wetland and forest ponds. More-

Table 3. Current pond retention and potential increase of water bodies and groundwater retention in the adjoining area, after water dam-
ming in the pond, expressed by the thickness (mm) of water layer flooding the area of the whole catchment.

Types of water bodies

current pond retention 
Vw

increase of water retention

Total
[mm]

in ponds
ΔVo

[mm]

In groundwater ΔVg
[mm]

in ponds and groundwa-
ter ΔVo+ΔVg [mm]

Midfield ponds 0.3 0.6 1.4 2.0

grassland ponds 0.7 1.1 0.9 1.9

Wetland ponds 1.3 1.8 1.1 2.9

Forest ponds 0.4 0.6 0.6 1.2

Farmstead ponds 0.4 0.7 0.9 1.7

Ponds AlTogeTHer 

< 0.5 ha 1.7 2.8 4.3 7.1

0.5 – 1.0 ha 0.7 1.0 0.3 1.3

> 1.0 ha 0.7 1.0 0.2 1.2

TOTal 3.1 4.9 4.8 9.7



Assessment of Water... 693

over, this increase surpasses, almost by five or six times, 
the volume of water retained currently in those water bod-
ies. Therefore, all retention procedures aimed at accumu-
lating drainage water in ponds located in arable areas as 
well as in rural built-up areas allow to substantial increase 
of the absolute amount of water retained in the catchment, 
which is likely very important from the agricultural point 
of view.

When emphasizing a positive impact of small water 
bodies with an area smaller than 2 ha which are present in 
agricultural landscape, it should be stated that the smaller 
the value of current pond retention and the smaller the 
size of a pond as well as the higher water damming in 
a pond, the bigger (under given conditions) the relative 
increase of pond and groundwater retention capacity in 
the adjoining areas. Moreover, the smaller resources of 
current retention and size of a pond, the bigger the rela-
tive increase of groundwater retention in relation to the 
increase of water retention in the pond itself. This thesis 
is supported by the calculated value of the ratio of ground-
water retention increase to pond retention increment.

The proposed method of estimation of pond retention 
capacity and groundwater retention, after damming (in-
creasing) the water level above certain average annual 
level of water in a pond, provides fast and relatively easy, 
analysis of retention capabilities of water bodies. This 
method is of course based on certain simplifying assump-
tions, e.g. that there is a constant flow between pond and 
groundwater and the dynamics of water level fluctuations 
in a pond is closely connected with the fluctuations of 
groundwater level in the adjoining area [11, 12, 13, 14]; 
the average water level in all water bodies of the catch-
ment amounts to 0.5 m [38], which can substantially in-
fluence the precision of calculations. nevertheless, de-
spite these limitations, this method can be an efficient 
tool used for the assessment of a potentially obtainable 
increase of water resources in ponds in big areas of river 
catchments.

Conclusions

 1. The use of small ponds located in agricultural land-
scapes for the retention of drainage water, so far un-
productively discharged out of the catchment area, 
may lead to an increase in the amount of water re-
sources retained in these reservoirs even a few times.

 2. For water bodies with surface area less then 0.5 ha, the 
potential increase of groundwater retention is higher 
than the retention increase in the pond itself. The 
smaller the area of the pond and the current retention 
value of the reservoir, the bigger the retention capacity 
increase. This means that the smaller the pond and the 
smaller the value of current water retention, the big-
ger the increase of groundwater retention in the areas 
adjacent to the water bodies in relation to the increase 
of the water level in the pond.

 3. The highest increase of water retention capacity can 

be obtained in midfield and farmstead ponds. These 
ponds at first should be used for the retention of drain-
age water. such a procedure will enable an increase 
of the water resources of the catchment, but more im-
portantly will prolong the time and manner of water 
circulation in the landscape, which is the essence of 
so-called small water retention.

 4. The presented method should be used to fast, easy 
and cheap macro-scale estimation of pond retention 
capacity as well as the potential possibility to receive 
increments of water volume stored in ponds and soils 
of areas adjoining ponds.
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