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A b s t r a c t 
Lengths , surface , volumes a . s . o . 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 ~Jere established by using aerial 
phot ographs and repeated metric measurements obta ined by ste
reo plotting instru.ments . 
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 . 

I n t r o d u c t i o n 
The frequency , magnitude and variety of gully erosion in Roma
nia as well as the complex problems raised by its development, 
suppose the availability 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, a 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 Gnd imperme~ble str .tQ. 

The d.ifferenti nted approach of cully systems, according to the 

lythological sublayer, is :::.bs olutely nee ess2.r;sr, bec:•.us e in 

case of alten!ative strata the evolutive process of the gulQ 

is influenced by the presence of l a r e e and frequent bank 

slides, lateral cutting nd slip slopes, land f~ll of banks 

a.s.o. 

As importa.rJ.t are c- s in Romani a. ' s hilly regions are defined 

just by such alternations, the :rresent paper den.ls Hith the 

methodology of v·or . .;;: 1nd v:ith some result :::; obt .,_.tined in connec

tion with the GUllies develo ved in this kind of litholobic·l 

strntific.J.tion. 

The means em·loyed so f~r to establish some indicators concer

ning the gully evolution are varied!direct measurements of 

some com lex pc.r;>.meters (Thomson J. ' • 1970), s uccessive topo

r;ro.})hical surveys ( 3 iolochev ! ... u.nd J)jinc;ov . ~.G. 1 962, ~\.kiro 

, .ura to and ; ichio Lae:;hiro 1971, I ,iller C. 3.. and coll<l b. 1962), 

the determinc:.tion of the eroded material volume by semiempiri

c.,.l c ~:.lculation rela tions ( Gag <1.r 11. o.nd .\:postol A. 1971, 

St.- ·ncscu P. cmcl collv.b. 1977), a . o. The above .::entioned me

thods proved to be difficult, re quirinG ~ lone time to be 

performed and their results ·;:·ere only <'.p:proximo..t e. '11herefore, 

more modern methods b J.'"'ed on photoc r n: r.r:1etric devices h<?.ve 

been used, corres :l ondingly ada pted, so r .D to mak e u p for the 

defficiencies of cl:J.s::dcal methods nnd obtain su ,erior results 

both nury litatively ~nd quantit ~tively, in a rel a tively s hort 

rJeriod of tir:J.e ·~nd with the least possible hum:::-m .:tnd ma teri a l 

efforts. 

B;sr processin[; the a eria l :-'.nd terrestric~l :Jhotot:r ·. , .tiS t ··t.kcn in 

the studied ~ectC"rs (chosen L three im, ort ant c .,_tch,.ent 

b::.::~in:::-; ·:li t h ~_1V D.il · · ble repe a ted aeri:-'.1 photc-c;r:1. · ~hs) quanti ta

tive v ·_,luec \ ; er~ obtained of features most si _::'·nific rmt for 

the rate of gully evolution r .nd most useful in the design of 

anti-erosional vvorl\:s, namely for; a) the index of the gully 

len0th increase; b) the index of the GUlly surface increase; 

c) the index of the gully a ctive ::1rea increase; and of the 

c;ully Volume increase; d) the .tlUl ti O.l1lTU ... l d.Ver:.' .. :·e VOl'\..ln18 Of 

eroded solid c~teri ~l referred to tl1 ~ active ~rea of the 
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gully, a . s . o . 

ie should like to mention that the result as rec;ards the in

crease in accura cy is directly proportional with the time 

range from the initial to the final photo crrammetric recording , 

to ';;hich ther0 were r'.-dded the recordings taken before and 

a fter the starting o:f some phenomena consider' ble from a 

quanti t :J.tive point of view cmd as regards the rapid evolution 

in time • 

.. ork method 

The metric elements required to estimate the indicators were 

obtained using the following methodology: 

1 . The available cyclic aerial photographs are anaJ~yzed di

rectly 8..nd by means of an interpretoscope and the following 

facts are established for each portion: a) the limits of the 

zones taken into account by the study; b) the geometric and 

spectroradiometric range of each aerial photograph; c) the 

'.vorks necessary for photogrammetric processing and for the 

manner to obtain them (available location works , pairs of 

photographs working , works for the required aerotriangula

tion a . s . o . ); d) possibilities to render the main geomorpho

logical elements in the basin; e) the plotting scales, neces
s __ .ry, adequate o..nd possible for photogrr:.rnmetric r10rking; f) 

the 1 , nd use mapping; g) the conditions to be imposed for 

providing the correct superposition of the results obtained 

after each available cyclic recordings . 
2 . An orthophotovnap 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 point of view of the main morphometric elements (opening, 

bottom, vvidth , depth) are delimited; b) the posi tionsiof the 
·, l: 

cross profiles necessary for all analyzed stages are settled . 

3. The studied formation is stereo plotted at on adequate 

scale (1/1000- l/2000), according to the most recent photo

gra1 lhs (rendering with all attention the t alv,re p·, the active 

and stabilized banks , the prev .iling processes). 

4 . There are read the levels of the characteristic points at 
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slope change and the tones delimiting the baclc a ctive por

tions or there are materia lized the anthropical interventions . 

5 . There is c alculated the v:J.lue of the evolution rate in the 

coefficient of deep formation for the most recent recording . 

6 . The oper~tions mentioned at points 2-4 a re reJe ~tod . 

1 . The multiannual averag e values of the studied indica tors 

(fig . 1 , 2 and tables 1 , 2) are calcula ted from the differ

ence of the values kroper to the analyzed st ~ges . 

0 . Considering the results obt · ined in direct correla tion 

with the determinant agents and factors of the develo pment 

r;:.1-te , the d eep formations are includecl in the pro- er evolut i on 

cl~s s, est ablis hing a t the s ame time the recommendation 

necessary to choose the optinrum solutions gainst their 

erosional development . 

f.rhe direct analysis of the obt a ined cyclic photogr .. ~phs in em 

instrument of the interpretoscope t y pe h s llo·.7ed~ 

- the delimit :~ tion on the photo-assemblies or on the :;hoto

graphs of the a rea considered the object to be studied ; 

- the determina.tion of tho stereo photographs to be studied, 

the identific ~::.tion and the reci?rocal tr:1nsferring on :·;J_l the 

di f f erent .--eri al photogr a phs of the ::w c.Lilable pass and con

troJ points, "'-S nell ::.ts the carrying out of ~ unitary project 

... erotriangul.J.ti on; 

- the ado ption of .--. common let:end ( topogr :::. her - speci :l.lized 

researcher - designer) to render unit :J.r;ily each c;e o:,torpho

logical element and a lso to differentiate their rendering for 

various stages of the aerial photograph t aken for study. 

- description in common of the analyzed zone (in gener[:.l) , c..s 

well as of the geomorphological elements (especially by the 

opera tor 1:?ho h-:~3 further :provided the photogram stereoplotter 

and by the specialized researcher) . Such a description of 

the bas ic av2.ilable photogr::unmetric m.J,t cri als , :c.1-t thi s s t age , 

ho.o on the one hand pennitted an important reducti.on of the 

worl s superfluous ly stereoplot ted , and on the other h2.nd the 

concentration of the stereoplotting oper-_tor ' s attention 

especially on elements of strict necessity . This kind of 

work should be continued during the proper s tereoplottinc 
process . 
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- the determin::1tion of the cross profile position ~1.nd of 

the size (lenc;th), of the : ~ inCl. of numbering them a.s. o . 

Cn this ccccos ion the recuired profiles ::1re loc 2.tcd ::'.. _lp ro:{i

r.1ately on the photocr~· phs fro r21 the more recent aerial ~hoto

gr:.b.s :::nd are tr2nspos ed (by c..n interpretoscope) on the 

photoc;r _ms frm:"1 tllG other aeri ' 1 photocr2phs. Then, the 

position of the supplement a ry profiles necesso.ry for the 

trans~osing them on the bas ic materials. 

The photogr~;.m.iuetric methods P.nd ~roceedings u :-.; ed to vtor1 out 

the " "\. eri::-~,1 photogra phs, the plotted m:..1:<s "'nd to r.1ark and 

re2.d the levelled points accordine; to the :.::.erial photogra phs 

employed a re the usual ones - current in the specialized 

literature- but there n 1pear specific nroblems rela ted to 

the photocrnphic imr£e (in such c~ses the expert i n photo-

.- r~1m:netry should c...sk the counsel of the researcher he is 

vwrkinc for), the provision of ~, correct su1Jerposing of the 

GC'.me product obt _.ined. for e'"'ch stage of <l.erL.,l photccr:..phinc, 

as well as of the further nrocessing of the o~tained photo

t:; rCLmD. . tric roclucts (that is why the res earcher should vvork 

in 2. clcs e coll :-~boro..tion v:i th the photoc r ::..ITL.'Tlctrist). 

Stc:.rting from the c.bove mentioned f :J.cts, in the rJrocess of 

orthouhotostrEdghtenint.: and stereo~)lotti:':"lC, the follovling 

i ts :;ne v-:ere considered accordinG to the v ::'.rious <l.eri:U photo

cr'J.phs · 

- the p erformance of a uni ta.ry work of aerotri ..... ngt..ll:::ttion for 

o..ll aerial photoe;r phs of ':::> studiect zone, bo..s eel on the common 

p oints obto.ined; a) fro r:t determin::.: .. tions L1 terrain; b) from 

previous fL .. ld v1or~-cs; c) fro 1 basic a.eri a l trian~.1 .. 1tion 

v.rork made for one of the studied aerial :photo [;r~,phs, prefer

o..bly of the one le ~:.ding to the best association of the wor~ .s' 

accur.cwy with their econor!:ici-ty (photographs o.t sc ales be

tween 1/JCCC and 1/12CCO are most sui table) . 

In this ·;:ay there Ylere avoided the differences in rendering 

on the rna~~ some geomorpholocical elements ·..--1hich in fact h ave 

not suffered any modification, or to increase or diminish the 

modifications undergone by those elements; 

- the performance of successive stereoplottings for every 
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site ~nalyz~d ~t the same sc~le; 

- the use of the same stereoplotting operator when exploiting 

all the stereopnotor;raphs from v~.trio"t-lS coverage for ~', certainn 

portion of the studied area. fhe respective operator has 

analyzed himself the res<ective stereophotographs with the 

s pecialized researcher and he has continued this corrunent s,t 

the plottine instrument in all situa tions where he had doubts 

in conn ection 'Ni th the interpretation of the situations he 

had come acroos . 

- the plotting of the main geomorphclogiCal elements ( ban~m, 

stri:Js, crests 0, . o.) has been first re ::tlized for the photo

grams c1erived from the most recent :J.erial photoc ruphs of 

from the one havinG the gre G,test scale (with 2.s few generali

zations as possible); wrong interpret~tion or genralization 

leading to error should be carefully avoided during the 

stereoplotting of the other aerial photocr~phs; 

- the proper location of e-ll cross profiles chosen on the 

stereominute obtained by using the most recent a erial photo

craphs or at the greatest sc ale, an alyzinc for e ~ch indivi

dual ~Jrofile; 

- the level reading 2nd point numbering for every profile (the 

inscriptions for the signific.'mt points included), consider:b."l 

ing that the non-modified or ap J .... rently non-modified geomor

phological elements should be identified in the repeated 

peofiles acn1eved . 

C o n c 1 u s i o n s 

The study carried out proves that there are still great 

possibilities in the field of inter- disci plinary co-operation 

vv·hich is based on rich informational data offered by photo

e;ra:phs and the photogrummetric instrumentsi thinc;s are like 

that bec~use in the case of the problem discuosed: 

- th,_ correct and efficient solving of the problems rela ted 

to the adequate development of the gully system supposes the 

existence of o., s ystem of quantitative indices for the estima 

tion of the evolution rate and the methods so far employed 

for their estimation, proved to be difficult, expensive and 

of an approximate accuracy; 



- the use of phot ogrc.mmetric products and methods h::1ve nume

rous advantaces - they save time, gr :;..nt a hit;h level of 

accur .. '.CY, they c:m be used in rcco sti tutinc; the :rast si tua-

tions C!.s.o. 

- the method proposed in <?.. typicc.:l research method v;hich 

permits the estimation of the volume of solid material eroded 

by cullies in any other zone, relying only on the surface 

me, .sured by the most recent photogr<:phs ;-nd on the average 

rate of gully evolution, established v.ri th the methodology 

proposed for each characteristic zone of the country. Both 

from the poilj.t of view of the phot oc;r· ~.mmetrist and of the 

rese c-trcher or expert desiener, the finding of correct data 

can be provided by o. direct co-operation of all the concerned 

specialists along the :reriod of study. 
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Fig.2. THE AREA ,C "AND ,0 II 

(the secondary gully) 

TABLE 1 INDICES OF THE , TATARULUI" GULLY SURFACE INCREASE DURING THE~;~ PERIOD 0 -

Sector Gui!J surface Multiannual average Ratio between the 
Area name number rate af surface in- multiannual average 

In 1960(m1
"} 

ere~~~ 9!t1!r gully rate of surface inc~ 
and the length in 1976 lll 

1 10.000 2.125 5.6 
The area ,A II 

2 6.000 7.225 6.7 
(major gully) 3 4.800 1. 250 5.0 

4 1. 800 437 2.3 
5 1.200 200 1.5 

23.800 5.237 4.6 

The area ,B" 1 3.600 462 1.5 
2 2.400 600 3.7 

-

s.ooo 1.062 2.2 
1 3.400 - -

The area ,C" --z 1. 400 362 2.7 
3 3.600 719 

- ~ -

0.7 
8.400 487 1.1 

I 

TABLE Z INDICES OF THE ,TATARULUI' GULLY VOLUME INCREASE DURING THE 1960-1976 PERIOD ' 
Mu ltiannua I r Ratio between the Ratio between the 

Area name Sector Gully volume average vol. muttiannual averaye multiannual average 
number in 1960 (m 3J (m 3;_year) volume a~d the~~ volume and -the active 

in 1976 rm 'jmjyear area in 1976 rm~mLYe<~~ 
1 29.862 8.242 21.8 1. 303 

r- - ---
The area II A 11 2 12.117 2.234 12.3 676 -

3 
- ~ 

4.332 9 757 38.7 1.927 (major 9ully) I-
4 5.698 2.091 11.0 1. 231 
5 1.263 680 5.1 1.152 

53.272 23.004 203 1. 355 

The area 11 B '1 1 10.317 784 2.5 516 
2. 546 15.9 1.010 

-
2 23.720 

34037 3.330 7.0 82.4 
1 7 950 230 2. .1 4-78 

The area 11 c" 2 2.114- 764- 5.7 991 
3 5.327 282 l.S 515 

15. 391 1. 256 3.0 714 



Fig. 3 THE SCHEEME OF THE USED PROFILES 

a) FOR THE SITUATION IN 1960 

b) ------ FOR THE SITUATION IN 19 76 


