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DRAINAGE EVOLUTION DETERMINED BY THE DYNAMICS
OF FOREST AREAS WITHIN THE MOTRU HYDROGRAPHIC BASIN

Abstract. The paper presents the evolution of drainage
within the Motru hydrographic basin over the last 20 years,
outlining the influence of the modifications occurred within
the forested areas. The different degree of foresting in space
(within the three sectors: mountainous, Subcarpathian and
piedmont) and time (over the last 20 years) has major
consequences over the regime of the water resources.
Therefore, the main role comes directly to the azonal factor,
which has a regularizing and compensatory role for the
water resources, and indirectly to the human factor, more
and more obvious, which leads to the withdrawal of forest
areas.
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Introduction

The Motru river forms its biggest sub-
catchment area within the Jiu hydrographic basin,
covering an area of 1,895 sqgkm. The Motru
hydrographic ~ basin  unfolds on  several
geomorphologic units:

- The mountain sector — where the course of the
Motru river and its tributaries drain the western
slopes of the Valcan mountains and the eastern
slopes of the Mehedinti Plateau and Mehedinti
Mountains;

- the Subcarpathian sector begins at the Apa
Neagra-Glogova couloir, cutting through the
western extremity of the Getic Subcarpathians and
the high hills of the Getic Piedmont, up to the
confluence with the Cosustea river;

- the piedmont sector is located downstream of the
confluence with the Cosustea, the lower course of
the Motru river drains the western limit of the
Getic Piedmont, known as the Motru Piedmont.

Within its hydrographic basin, the Motru river
receives 13 tributaries on the right side (the
Scarisoara, Motrul Sec, Brebina, Crainici,
Pesteana, Gardoaia, Lupsa, Cosustea, lJirov,
Cotoroia, Husnita, Slatinic and Talapan) and 3
tributaries on the right side (the Lupoaia, Plostina
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and Stangaceaua). The hydrometric activity
(measurements and registrations) is developed at
the level of 4 hydrometric stations on the main
course and at 8 stations on the tributaries.

The vertical zonation of the basin on a
difference level of approximate 1,700 m (1800 m
at the spring level, the Orlea massive, and 102 m at
the confluence with the Jiu river) makes the variety
of geomorphologic units to leave their print upon
the characteristics of the surface water drainage.
Mainly, the relief vertical zonation causes the
vegetation vertical zonation (in this case, the basin
surfaces ranging between 700 m — 1,200 m altitude
and covered with decidous forests: Dbeech,
hornbeam, holm and oak have the greatest share) at
the level of which the main role comes to the forest
surfaces, because they have a higher value of the
hydrological protection index compared to the
other types of land use. At the same time, the forest
represents “a factor of equilibrium” for the
“surface drainages, which are lower for the lands
covered with forests, compared to the uncovered
lands” (Arghiliade C., 1977, p.176).

This phenomenon is also demonstrated by the
fact that “the importance of investigating hydraulic
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properties of trees is highlighted by recent studies
showing that they may play a role in ecological
strategies of species and that they can underlie the
response to environmental changes.” (Cruiziat, P.
et all., 2002, p. 390).

Data and methods

The analysis of the forest surfaces at the level
of the basin is based on the cartographic support of
the topographical map 1:50000 (the edition from
1989) and the land use map (Corine Land Cover,
2006). The forest representations dynamics on these
documents reflect the modifications of the values of
the hydrological parameters characteristic for the
drainage (registered at all 7 hydrometric stations taken
into consideration), respectively the annual maximum
flow and the specific average flow.

Table 1
Characteristic hydrometrical stations from the

Motru hydrographic basin
River Hydrometric | Altitude | Surface

station (m) (kmz)
Motru Closani 1019 109
Motru Tarmigani 751 304
Motru Brosteni 526 646
Motru Fata Motrului 384 1740
Brebina Tarnita 529 77
Cosustea Corcova 482 420
Husnita Strehaia 257 310

Source: Atlasul Cadasrului Apelor din Romania, 1992

Comparing the percentages of forest surfaces
from the total surface of the Motru hydrographic
basin, the afforestation coefficient, respectively,
based on the digitization of the corresponding
polygons in GIS environment, permitted a better
understanding of the restructuration of the
afforested surfaces and also led to the real
emphasis of the impact which this phenomenon
has upon the surface drainage.

Therefore, the analysis of the hydrological data
series for the 1989-2008 interval, at all the 7
hydrometric stations, was based on bibliographic
references (authors from the domain of hydrology),
on the processing of raw data from the Atlas of
Water in Romania and the ones taken from the
hydrological yearbooks.

The visible influence of the reduction of forest
surfaces upon the surface drainage is better felt at
the level of maximum and minimum flows by the
perturbation in their occurrence, depending on the
development of phonological phases.

In respect to the above mentioned, the specific
average flow (q = 1000 Qan /F) represents the
hydrological parameter which better outlines the
impact of the dynamics of the forest surfaces upon
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the surface drainage, more precise the influence of
the forest upon the average flow.

Results and discussions

In order to determine the influence of the forest
on the surface waters drainage within the Motru
hydrographic basin, the analysis of the dynamics of
the forest surfaces in space (on major steps of the
relief, at the level of the main water course and
implicitly at the level of the first order sub-basins)
and in time (on a determined period, 1989-2006)
was carried out.

Thus, the map representing the distribution of
the vegetation in the Motru hydrographic basin in
1989 was achieved (Fig.1) using the topographical
map 1:50000. Subsequently, based on the land use
map (Corine Land Cover, 2006), there were
highlighted the surfaces of vegetation on categories
of use: vineyards, orchards, secondary pastures,

agricultural-forest lands, deciduous forests,
coniferous forests, mixed forests, natural
grasslands, subalpine vegetation and transition
areas with shrubs (Fig.2).

Comparing the two categories of maps, we
notice the reduction of the forest surfaces in the
hydrographic basins afferent to the Crainici and
Cosustea rivers, as direct tributaries, on the right
side of the Motru river.

Therefore, if we take into consideration only
the areas covered with forests (deciduous forests,
coniferous forests and mixed forests), it is obvious
that they shrunk within the entire hydrographic
basin of the Motru river, from 668.43 sqkm (The
Atlas of Water Survey in Romania, 1992) to
approximately 500 sqkm (Corine Land Cover,
2006, calculation of forest surfaces in GIS
environment). Most of the reduced areas had been
a direct effect of the Law no 18/1991 regarding the
landed fund and rendering the forest into
possession. As a result, nowadays, it is necessary
to use the term of “ecological sylviculture” which
consists in the “reduction of wood quantities
exploited and in a longer cutting cycle, sometimes
resulting a short term profits decrease for the wood
industry” (Patroescu, M., 2008, p.485).

The dynamics of the forest surfaces which
consisted in the reduction with approximate 168.33
skm, at the level of the entire hydrographic basin
has negative effects in the evolution of the surface
drainage, a phenomenon exemplified by the
analysis of the maximum flows and the specific
average drainage for a period of 20 years (1992 -
2006) at the following hydrometric stations:
Closani, Tarmigani, Brosteni, Fata Motrului (on
the Motru river), Tarnita (on the Brebina river),
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Legenda
- Areale acoperite cu vegetatie
I:I Lirmita bazinului hidrografic Motru

Fig. 1 The surfaces covered with vegetation from the Motru hydrographic basin
(processed after the topographic map 1:50 000, 1989)

Legenda
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I Fsduii de conifere
B Faduii mixte
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“egetatie subalpina
Zone de ranzitie cu arbusti (in general defrisate)
[ Limita bazinului hidragrafic Motru

Fig. 2 The categories of surfaces covered with vegetation from the Motru hydrographic basin
(processed after Corine Land Cover, 2006)
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Corcova (on the Cosustea river), Strehaia (on the
Hugnita river).

In this respect, the minimum drainage is highly
reduced and takes place later, without determining
the dewatering in the river bed corresponded to
forested areas, respectively in the upper basin of
the Motru river. At the level of the middle and
lower basin, the reduction of the areas with forests
determine the dewatering of the water resources in

the lower river bed, especially at the level of the
tributaries, a phenomenon which causes the
“draining”.

Based on the considerations from above, it is
highly evidenced that the maximum drainage does
not cause (in a forested area) events of sudden and
rapid increase of the water level and respectively
of the water flows (Fig.3).

OClosani OTarnita MTarmigani MBrogteni OCorcova M Strehaia M Fata Motrului

Fig. 3 The annual variation of the maximum flows at the hydrometric stations taken into consideration
from the Motru hydrographic basin

At the Closani hydrometric station (on the
Motru river), the maximum drainage, at the level
of the period taken into consideration (1989 -
2008), represents values distributed almost
uniformly from the seasonal point of view, this
phenomenon being due to the fact that in high
areas (over 1,000 m), where the coniferous and
mixed forests are predominant, the influence of the
forest is felt during the entire year. We mention the
fact that, as the altitude drops, the influence of the
forest is felt during the period when the values of
the maximum flows occur.

On the hydrometrical stations from Tarmigani
(on the Motru river), Tarnita (on the Brebina river),
Brosteni (on the Motru river) and Corcova (on the
Cosustea river) we noticed two distinct annual
periods when maximum flows are registered,
during winter and spring, and on the fact that from
the altitudinal point of view, the respective
stations, are located between 500 — 700 m altitude
(from 751 m - Tarmigani to 482 m - Corcova),
actually in the deciduous forest zone where the
snow melting and the spring rains are not
obstructed by the trees without leaves compared to
the coniferous forests zone.

It is obvious that “during the summer-autumn
period when usually rain drops, the forest,
depending on its characteristics (density, age),
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influences by retaining on the canopy a certain
amount of precipitations, as well as by retaining on
the litter a higher amount of water from the
precipitations reaching the soil” (Diaconu, C.,
p.60).

It is worth mentioning that the respective
hydrometric stations are located in the piedmont
area, where the deciduous forests are predominant
— the level of the beech and oak — and “their
influence appears more important during their
vegetation period by retaining during a certain
amount of precipitations the vegetation period”
(Diaconu, C., p.61).

After the leaves drop, the canopy of the
deciduous forest “retain a very small quantity of
precipitations, varying between 7.4%, at a
consistency of 0,9-1, and 3.8%, at the consistency
of 0,6 in case of old beech trees” (Arghiliade C.,
1977, p.171).

In this respect, two separate cases constitute the
monthly variation of the maximum flows
registered at the hydrometric stations in Strehaia
(on the Husnita river) and Fata Motrului (on the
Motru river). At the hydrometric stations in
Strehaia, the distribution of the almost uniform
annual maximum flows at the seasonal level is due
to the lithology of the Husnita river bed (gravels
and sands which cause frequently the draining
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phenomenon, even on certain sectors to an
underground drainage) and to the afforestation
phenomenon which is not representative in the
Hugnita hydrographic sub-basin. So, there occurred
a maximum drainage with destructive effects in
July 1999, when there was registered a maximum
flow of 154 m’/s, instead of 0.79 m’/s — the
multiannual average flow. These elements impose
regularization and calibration activities of the river
bed for taking over the maximum drainage values
— (lonus, Oana, 2008, p.106).

At Fata Motrului hydrometric station (on the
Motru river), the highest values of maximum flows
- 1488 m’/s (July 1999), 407 m’/s (March 2006),
264 m’/s (April 2003), 253 m’/s (June 1991), 229
m’/s (July 2005) and 194 m®/s (April 2006) were
registered during the spring — summer period due

to the contribution of the Motru tributaries, the
quick meltdown of the snow in deforested areas
and the location of the respective station on the
lower course.

Thus, for an exact analysis regarding the
influence of the dynamics of the forest surfaces
upon the evolution of the surface drainage, in
special literature, one recurs to the calculation and
interpretation of the specific average drainage
within a hydrographic basin.

The specific average drainage represents the
water quantity drained during a period of time on a
surface unit and has as unit measure I/s.skm. Its
value is calculated based on the determination of
the liquid flow (Q) in a section of a river and the
surface of the hydrographic basin (F) afferent to
the section, using the relation: ¢ = 1000 Q an /F.

Table 2
The variation of the multiannual specific average flow at the hydrographic stations considered from the Motru
hydrographic basin
Multiannual specific | Multiannual specific | Multiannual specific
average flow average flow average flow
River Hydrometric | (establisment-1967%) (establisment- (establisment-
station V/s.km® 2004*%*) 2008***)
1/s.km’ 1/s.km’
Motru Closani year of establishment 20,1 21,0
1965
Motru Tarmigani 22,3 21,3 21,4
Motru Brosteni 14,2 12,9 13,2
Motru Fata Motrului 8,40 7,2 7,57
Brebina | Tarnita year of establishment 31,7 34,4
1970
Cosustea | Corcova 9,35 7,7 7,98
Husnita | Strehaia year of establishment 2,9 2,68
1969

* Diaconu, C., 1971, p. 120
** Savin, C., 2009, p. 249
*** Serviciul Prognoze, DAJ

It is worth noticing the multiannual specific
flow for the years 1967, 2004 and 2008 registered
at 7 hydrometric stations from the Motru
hydrographic basin; it confirms the fact that “the
values of the specific drainage q have a relatively
small decrease, as the surface F increases, due to
the continuous water appurtenance” (Diaconu, C.,
p-129).

At the two hydrometric stations located on the
upper course of the Closani (on the Motru river)
and Tarnita (on the Brebina river), there is
registered a small increase for the value of the
multiannual specific flow (in 2004 compared to
2008) due to the partial reduction of the forest
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surfaces (coniferous and mixed forests) and to the
increase regarding the frequent occurrence of the
extreme hydrological events which cause increased
values of the multiannual average flow.

Compared to this two cases, at the other
hydrometric  stations there were registered
reductions of the multiannual specific average flow
(major reduction under 1 1/s.km2 from the level
registered in 1967 until 2008); the values
registered at the Corcova station (9,35 1/s.km2,
1967 and 2,68l/s.km2, 2008) located on the
Cosustea river 9s most significant. Its
hydrographic  basin registered the highest
reductions of the forest surfaces (Fig.1, 2).
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By calculating and representing the annual
specific flow (Fig. 4) at all 7 characteristic stations
located in the Motru hydrographic basin, beside the
fact that “for most of the rivers springing from the
Carpathians it is characteristic the gradual decrease
of the specific average flows toward the discharge”

(Diaconu, C., p.127), there are also individualized
some particularities.

From the analysis of the annual specific
average flow in the Motru hydrographic basin
presented in the series of the seven diagrams
(Fig.4).
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Fig. 4 The variation of the annual specific drainage at the hydrometrical stations characteristics in the Motru
hydrographic basin (period 1989 - 2008)

There are evidenced the characteristic years
from the point of view of the extreme hydrological
phenomena, respectively the values of the flows in
1991, 1996, 1999, 2005 and 2006. Therefore, the
high annual average flows generated in their turn a
high annual specific flow: Closani, 33.119 1/s.skm
(2006); Tarmigani, 28.881 I/s.skm (1999);
Brosteni, 18.421 1/s.skm (1999); Fata Motrului,
12.988 1/s.skm (2005); Tarnita, 48.181 1/s.skm
(1999); Corcova, 13.19 I/s.skm (1999); Strehaia,
6.151 1/s.skm (2006).

There are also individualized two periods
characteristic to the low values of the specific
average flow, during the intervals 1992-1994 and
2000-2003: Closani — 3.412 1/s.skm (2002) and
3.422 1/s.skm (1992); Tarmigani — 7.269 1/s.skm
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(2001) and 7.5 l/s.skm (1992); Brosteni — 3.746
I/s.skm (2001) and 3.978 I/s.skm (1994); Fata
Motrului — 0.908 1/s.skm (2001) and 1.821 1/s.skm
(1992); Tarnita — 14.285 1/s.skm (2001) and 17.013
I/s.skm (1992); Corcova — 1.204 I/s.skm (2001)
and 1.204 I/s.skm (1992); Strehaia — 0.79 1/s.skm
(2001) and 0.99 1/s.skm (1992).

We explicitly mention that the first period,
1992-1994 is caused by the reduction of the annual
average flows and by the deforestation performed
pursuant the entrance into operation of the Law
18/1991, while the second period is the result of
the occurrence of extreme hydrological phenomena
consisting in the reduction of annual average flows
until draining, a phenomenon characteristic to
respective droughty years.
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If we also take into consideration the health of
the forests at the national level, we notice that
during the first period “Results on Romanian forest
health status over the period 2000-2002 show that
for all species the share of damaged trees (classes
2-4) registered values between 9.7% in 1991 and
21.2% in 1994. For conifers, the share of damaged
trees was between 7.0% (1991) and 16.6% (in
1993) and for broadleaves between 10.4% (in
1991) and 22.9% (in 1994)” (Badea, O. et al.,
2004, p.222).

As a specific element we present the uniformity
of the diagram corresponding to the Closani
hydrometric station which is based on the location
of its catchment area in a predominant
mountainous area, with a high coefficient of
afforestation and to the location of the Valea Mare
upstream reservoir.

On the Brebina river, at the Tarnita
hydrometric station, from the determination of the
specific average flow resulted values ranging from
52.207 I/s.skm (2005) up to 14.285 1/s.skm (2001)
which are the highest values compared to the ones
from the other stations, namely because of the
surface of the basin taken into consideration (see
table 1).

The temporary character of the Husnita river is
felt in expressing the specific average flow having
the lowest values in the entire hydrographic basin
of the Motru river, respectively 0.79 1/s.skm (2001)
and 6.151 I/s.skm (2006).

Conclusions

The evolution of the surface drainage at the level
of the Motru hydrographic basin is caused by the
dynamics of the climatic and non-climatic factors
among which, based on the determinations performed
results that the vegetation has an important role.
Therefore, the importance of this study is also given
by the fact that, presently, there is a predominant

tendency to reduce the forest surfaces (more or less
controlled deforestation) existent in the Motru
hydrographic basin, fact with negative implications
upon the drainage surface and implicitly upon the
“stability of the aquatic ecosystems” from the point
of view of the “integrality of respective
ecosystems”, a concept “representing the state in
which an ecosystem is entirely functional”
(Patroescu, M., 2008, p.55).
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