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Abs tract

Lengths, surface, volumes a.s.0. of erosional formations and
land slides have been repeatedly determined by using sequen-
tial aerial photographs of certain areas in three catchment
basins; the photographs were taken along lo-15 years.,

The evolution rate of the respective processes and the system
of indicators required for the land reclamation design and
execution were determined according to those very data.

The above mentioned elements were established by using aerial
photographs and repeated metric measurements obtained by ste~
reo plotting instruments.

The process employed permitted a superior retroactive analysis
of the phenomena in the studied zone, reducing the duration of
measurements to a very short time (several months). It showed
that the photogrammetric methods are the only able to give a
rapid solution for monitoring the process of erosion and land
slides.

Introduction

The frequency, magnitude and variety of gully erosion in Roma-
nia as well as the complex problems raised by its development,
suppose the availablility of a quantitative indicator system
for characterizing the gully evolution according to its stage
of development and to its physico-geographical conditions.

In order to establish this indicator system, 2 more detailed
study has been drawn up, referring to the evolution (under
untreated and treated regime of the gully systems) formed in
a) a relatively homogeneous lithological sublayer; b) altern-
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ative permeable and impermeable strata.
The differenticted apnroach of gully systems, according to the
lythological sublayer, is 2bsolutely necessary, becouse in

acse of alternative strata the evolutive proceses of the gully
is influenced by the presence of large and frequent bank
slides, lateral cutting and slip slopes, land f211 of banks
8.8.06
As important areas in Romania's hilly regions are defined

just by cuch alternations, the nresent paper deals with the
imethedology of work and with some results obtained in connec-—
tion with the sullies developed in this kind of lithological
stratification.
The means employed so fzr to establish some indicators concer-
ning the gully evolution are variedidirect measurements of
some complex parcmeters (Thomson J.'. 137C), successive topo~
craphical surveys (Biolochev 4. and Djingov i.G. 1362, Akiro
jurato and jichio Hashiro 1971, Iiller C.R. and collob. 1962),
the determination of the ercded material volume by cemiempiri-
cnl calculation relations (Gaspar R. and Apestol A. 1971,
Stinescu P. and collab. 1377), 2.0. The 2bove mentiocned me-
thods proved to be difficult, recuviring = long time to be
performed and their results were only =pproximate. Therefore,
more modern methods boced on photosrammetric devices have
been used, correswnondingly adapted, so ~s to make up for the
defficiencies of clasgsical methods and obtain sunerior results
both cualitatively nd cuantitatively, in a relatively chort
neriod of time and with the least possible humzn and material
efforts.

By processing the aerial and terrestrisl photogrophs token in
the studied sectcrs (chosen in three imnortant catchment
basing with aveilable repeated aericl nhotegrashs) guantita-—
tive vaolues werce obtained of features most sienificont for
the rate of gully evolution tnd most useful in the design of
anti-erosional works, namely for: a) the index of the gully
length increase; b) the index of the gully surface increase;
c) the index of the gully active area increase; and of the
~ully volume increase; 4) the multiannuzl avers~e velume of
eroded solid material referred to thz active area of the
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gully, 8.8.0.

7e should like to mention that the result as regards the in-
crease in accuracy is directly nroportional with the time
range from the initial to the final photogrammetric recording,
to which there were added the recordings taken before and
after the starting of some phenomensa considerable from a
guantitative point of view and as regards the rapid evolution

in time.

¥Y¥ork method

The metric elements required to estimote the indicators were
obtained using the following methodology:

1. The available cyclic aerial photographs are analyzed di-
rectly and by means of an interpretoscope and the following
facts are established for each portionta) the limits of the
zones taken into account by the study; b) the geometric and
spectroradiometric range of each aerial photograph; c) the
works necessary for photogrammetric processing and for the
manner to obtain them (available location works, pairs of
photographs working, works for the required aerotriangula-
tion 2.8.0.); &) possibilities to render the main geomorpho-
logical elements in the basin; e) the plotting scales, neces-—
sary, adequate and possible for photogrammetric working; f)
the land use mapping; g) the conditions to be imposed for
providing the correct superposition of the results obtained
after each available cyclic recordings.

2. An orthophotomap is carried out for the studied zones,
based on the available aerial photograph and on each indivi-
dual orthophotomap: a) the sectors relatively homogeneous from
the noint of view of the mein morphometric elements (opening,
bottom, width, depth) are delimited; b) the positionsof the
cross profiles necessary for all analyzed stages ore settled.
3. The studied formation is sterec plotted at an adequate
scale (1/1C0C - 1/2000), according to the most recent photo-
grahs (rendering with all attention the talweg, the active
and stabilized banks, the prevailing processes).

4, There are read the levels of the characteristic points at
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slope change and the tones delimiting the bank active por-
tions or there are materialized the anthropical interventions.
5. There is calculated the value of the evolution rate in the
coefficient of deep formation for the most recent recording.
6. The operotions mentioned at points 2-4 are repeated.

7. The multiannual average values of the studied indicators
(fig. 1, 2 and tables 1, 2) are calculated from the differ-
ence of the values proner to the analyzed siages.

G. Considering the results obtained in direct correlation
with the determinant agents and factors of the development
rate, the deep formations are included in the proper evolution
class, establiching at the szme time the recommendation
necesgsary to choose the optimum solutions against their
erosional develonment.

The direct analysis of the obltained cyclic photographs in an
instrument of the interpretoscope type has ~llowed:

~ the delimitation on the photo-assemblies or on the nhoto-
graphs of the area considered the object to be studied;

— the determination of the stereo photographs to be studied,
the identification and the recirrocal transferring on ¢ll the
different cerial photographs of the available pass and con-
trol points, 28 well as the carrying out of ~ unitary nroject
nerotriangulation;s

- the adoption of = common legend (topographer - specinlized
researcher - designer) to render unituorily each geoumorpho-
logical element and also to differentiate their rendering for
various stages of the aerial photograph taiken for study.

- description in common of the analyzed zone (in gencrcl), as
well aos of the geomorpholcgical elements (especially by the
operator who hns further provided the photogram stereoplotter
and by the specialized researcher). Such a description of
the basic available photogrammetric materials, at this stage,
has on the one hand permitted an important reduction of the
works superfluously stereoploitted, and on the other hend the
concentration of the stereoplotting operator's attention
especially on elements of strict necessity. This kind of

work should be continued during the proper stereoplotting
Process.
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- the determination of the cross prefile position and of

the size (length), of the Lind of numbering them a.s.o.

Cn this cccasion the required profiles are located opproxi-
mately on the photogsrophs frow the more recent aerial photo-
grophs and are trensposed (by on interpretoscope) on the
photogr ms from the other aerial photographs. Then, the
position of the supplementery profiles necessary for the
photograpns from the 28rial photographs sre chogen, zlways
transnosing them on the basic materizls.

The photogr-mmetric methods m~nd »nroceedings used te work out
the aerial photographs, the plotted mans =nd to mark and
read the levelled points according tc the cerial rhotographs
employed are the usual cnes - current in the specialized
literature - but there cpear specific »reblems rel:ited to
the photographiec imege (in such ceses the expert in photo-
crommetry chould ask the counsel of the researcher he is
working for), the provision of o correct superposing of the
same product obtained for each stage of serial photcgraphing,
as well as of the further »rocessing cf the obtained photo-
gramm-tric products (that is why the researcher should work
in & clcse collaboration with the photosrammetrist).

S3terting from the above mentioned facts, in the nrocess of
orthophotostraeightening and stereonlotting, the following
itsime wiere considered according to the various serisl photo-
graphs:

— the »nerformance of 2 unitary work of aerotricngulation for
21l zerial photograopvhs of a studied zone, baced on the common
points obtained; a) from determinstions in terrain; b) from
yrevious ficld works; c) from basic aerial trisngsulation
vork made for onc of the studied aerial photographs, prefer-
ably of the one lending to the best association of the works!
accuracy with their economicity (photographs at scales be-
tween 1/2CCC and 1/12CC0 are most suitable).

In this way there were avoided the differences in rendering
on the man some geomorphological elements which in fact have
not suffered any modification, or to increase or diminish the
modifications undergone by those elements;

- the performance cf succescive stereoplottings for svery
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site cnalyzed ot the same scale;

~ the use of the same stereoplotting operator when exploiting
211l the sterecophotographs from various coverage for 2 certainn
poertion of the studied area. The respective operator has
analyzed himself the res-ective stercophotographs with the
specialized researcher and he has continued this comment &t
the plotting instrument in all situations where he had doubts
in conaection with the interpretation of the situations he
had come across.

- the plotting of the main geomorphclogical elements (banks,
strins, crests ©.0.) has been first realized for the photo-~
grams derived from the most recent aerial photographs of

from the one having the greatest scale (with as few generali-
zotions as possible); wrong interpretation or genralization
leading to error should be carefully avoided during the
stereoplotting of the other aerial photographs;

~ the proper location of 211 cross profiles chosen on the
stereominute obtained by using the most recent aerial photo-
grophs or at the greatest scale, analyzing for ezch indivi-
dual profile;

- the level reading ond point numbering for every profile (the
inscriptions for the significant points included), consideri.
ing that the non-modified or apoarently non-modified geomor—
phological elements should be identified in the repeated

peofiles achieved.

Coneclusions

The study carried out proves that there are still great
possibilities in the field of inter-disciplinary co-operation
which is based on rich informational data offered by photo-
graphs and the photogrimmetric instruments; things are like
that because in the case of the problem discussed:

~ the correct and efficient solving of the problems related
to the adequate development of the gully system supnposes the
existence of o system of guantitative indices for the estima-
tion of the eveolution rate and the methods so far employed
for their estimation, proved to be difficult, expensive and

of an approximate accuracy;
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~ the use of photogr-mmetric products and methods have nume-
roug advantages -~ they save time, gront a high level of
accurncy, they can be used in reconstituting the vpast situa-
tions a.8.0.

- the method proposed in & typiccl research method which
permits the estimation of the vclume of solid material eroded
by gullies in any other zone, relying only on the surface
neasured by the most recent photographs cnd on the average
rate of gully evolution, established with the methodology
proposed for ecach characteristic zone of the country. Both
from the poiyt of view of the photogrammetrist and of the
researcher or expert designer, the finding of correct data
can be provided by 2 direct co-operation of a2all the concerned

specialists along the period of study.

Bibliogranhy

1., kihai Gh., Iuliana Taloescu, Negut W,,"Influenta lucriri-
lor traonsversale asupra evelutiei ravenelor formate pe elter-
nante de orizonturi permeabile gi impermenbile"” /The Influence
of Transversal ‘Jorks on the Zvolution of Gullies Formed by
Alternative Permeable and Impermeable Strata/ - Bul.inf.
AS4S, no.8, 1979, Bucuregti.

2. lliller C.R., Woodburn R., Turner H.R., "Upland Gully
Sediment Production' - Intecrnational Association of Scientif-
ic Iydrology-Symposium of Bari, 1962,

3. Motec L., Iuliana Tzloescu, Negut N., "Gstimarea ritmului
de dezvoltare a ravenelor" /Estimation of the Gully Develop-
ment Rate/ - 3ul.inf. ASAS, no.&, 1979, Bucuredti.

4. Furota A., IHashimo M., "Application of 3Simulated Rainfall
l.odels to Forecasting of the Long Term Variation of River
Bed"-Bi-lateral Seminar in Hydrology, Honolulu, January 1971.
5. Piest R.P., Beer C.D., Spomer R.C., "Entrenchement of
Droin:ge Systems in Jestern Iowa and Horth-Western liissouri™
- troceedings of the Third Inter.Agency Jedimentation Confer-
ence Denver-Colorado, 137C.

6. Thomson J.R., "Ouantitative Effect of ./atershed Variables
on Rate of Gully lined idvancement'" - Trons. Amer. Agr. Ing.,
197C.

542.



]

i

P

£

®

=2

K}

4

-g.m

'uEA 03
1000+

The eroded o
The activearea
na

...

'i;f}h-‘ww(

=]

v
~ A

-
EXS

o 2 iz -
TN RS BF SAme 3

-”
i }.’;Q

ghotographs

the guily volume in 960 and 1378
during the 19601870 perivd and ithe active area

sectirs

shtained m 1360 and 1976

the ratio between the eroded

s1id
ot the gully o 1976

543.

[&Z]wrs)

19801

the guily valley-line

imater

i | 1980)

; the gully surface

the active landslides

the parttal and
temporary active landshides

tie
the gully volume {1960)m?
the gully voinme (1876),m?

s x-od?h clicd material
93\: r?w/ de gac m::;fru‘r?
{ ot/ na fyear

cross  seclions

relatively homogenous

Titarulus waterzhed , iributary to the Slinic river from the Buzdu Bubearpathians
13’12 are’d (.A' (the ma)or g:.‘:;g}
the aerial pholograph image of the mager gully in 1376
the orthagonal projeciion and longiudinal profile of the guily {1 2000} based on the aerial

8L Veiuainae



Fig.2 THE AREA ,C"AND D"

1§ (the secondary gully)

g

S

;gé W77 R TH LA -
3| S = s

SE =8

9

gt

The gully valley-line level(m) The activearea (1976) ha

TABLE 1 INDICES OF THE ,TATARULUI" GULLY SURFACE INCREASE DURING THE}ggg PERIOD

R Sector Gully surface Muffiannual average rfr?]i%}‘g,w:::mfhee
Area name number | in"1950 (m? rafe of surface in- rate o surfine | g
crease of the gully il
{m2year) and the length in197% m_AL
i 1 10.000 2.125 5.6
T r " 2 6.000 1.225 6.7
(?r?a'greauﬁA) [ 3 4.800 1250 o
1j0P quily. % 4 1.800 437 23
5 1.200 200 1.5
23.800 §.237 46
- 1 ; :
The area ,B ) 3%% Iéﬁﬁ ;3 b
6.000 1062 2.2
" 1 3.400 - - .
The area .C 2 1.400 362 2.7 ]
3 3.600 JAE] 0.7
8.400 481 1.1

TABLE 2 INDICES OF THE ,TATARULUI" GULLY YOLUME INCREASE DURING THE 1960-1976 PERIOD

Multiannua) [Ratio between the |Ratio befween the

Area name Sector | Gully volume average vol. | multiannual averagel muttiannual average

number | in 1960 (m?) (m¥/year) volume apd‘rhel volume and the active

in1976 (m7m/year] |area in 1976 (mJm/year)

1] 29862 8.242 21.8 1303 |

w2 | o12m 2.234 12.3 676 |

m%j: ";J l'l}/)‘ [ 3 4,332 9.757 38.7 1927 ]
& 5.698 2.091 1.0 1.231
5 1.263 680 5.1 1152
53.272 23.004 203 1.355
" 1 10.317 784 25 516
The area,8° - 23720 2.546 15.9 1.010
34037 3.330 70 824

[ 1 7.950 230 2.1 48|
The area ”C" 2 214 764 5.7 91
3 5.327 262 1.6 515
15.391 1.256 30 Nk

544.



THE SCHEEME OF THE USED PROFILES

Fig. 3

IN 1960

FOR THE SITUATION

a)

IN 1976

FOR THE SITUATION

b)
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