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Résumé: L'érosion hydrique est I'un des risques naturels les plus importants qui ont un impact
évident sur la surface et menacent les équilibres environnementaux, en particulier dans les
milieux arides et semi-arides, et c'est I'un des défis les plus importants associés aux bassins et
aux zones rurales. L'érosion hydrique conduit a I'érosion des sols et au transfert de matériaux
solides vers les vallées, les dépressions et les barrages. Le couloir de Taourirt-Guercif a connu
d'importantes mutations spatiales qui ont entrainé des défis démographiques et des
désequilibres environnementaux et spatiaux qui ont modifié les caractéristiques du paysage
géographique. Ceci se manifeste par la dominance des formes d'érosion hydrique et la
dégradation du couvert végétal.

En abordant I'érosion quantitativement et qualitativement, I'équation générale de perte des sols
(USLE) a montré que la perte moyenne de sol est de 37,64 tonnes/ha/an pour le bassin d'oued
Tlagh et de 32,23 tonnes/ha/an pour le bassin d'oued El-Abed. Il a également été conclu a travers
le modele PAP/CAR que des zones importantes ont enregistré un fort potentiel d'érosion. Des
mesures directes sur le terrain a I'aide d'un simulateur de pluie de type RAMP ont montré que
le taux moyen d'érosion en nappe dans 37 parcelles expérimentales est de 39,18 tonnes/ha/an.
Les relevés topographiques pour mesurer I'érosion localisée, caractéristique de certains
endroits, ont montré que l'arrachage moyen dans seulement trois sites est de 1349 tonnes/ha/an.
L'étude du comportement hydrologique de plusieurs types d'exploitation a conclu que ces
surfaces ont un coefficient d'écoulement différent entre elles, et cette différence peut étre utile
pour I’aménagement du territoire a travers l'orientation des modes d'exploitation. Ces mesures
ont montré les types d'exploitation a partir desquels le ruissellement peut débuter rapidement,
et ainsi l'agriculteur peut étre sensibilisé aux modes d'exploitation qui peuvent étre suivis pour
réduire le risque d'érosion.

Le rble des caractéristiques naturelles et de la répartition spatiale dans les aspects de dégradation
et dans l'activation de la dynamique environnementale a également été mis en évidence.La
pente et I'orientation affectent la nature du ruissellement, et la sécheresse contribue a la fragilité
du terrain en empéchant la croissance naturelle des plantes, devenant ainsi faibles, plus
dégradées et moins intense.

Face a la dégradation de ce milieu environnemental, les facteurs humains activant cette
dynamique ont été diagnostiqués, et les modes d'occupation des sols et le role des projets de
I’Etat dans la gestion de ces ressources ont été discutés. L'un des résultats de ceci sur les milieux
environnementaux est que les évolutions de ces modes d’exploitation ont un impact et
contrélent la dégradation en accélérant ses mécanismes.

Face a cette situation dominée par des zones dégradées menacées par I'érosion hydrique
continue, et sur la base des résultats obtenus, il est devenu nécessaire de reconsidérer les formes
d'intervention dans ces milieux fragiles et paralyses, et ces précieuses ressources que la nature
ne conserve pas d'elle-méme doivent étre préservées si I'homme n'a pas conscience de leur
fragilité. La nature crée ces équilibres écologiques, mais I'homme en vient a opposer son veto
et a les violer.
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Abstract: Water erosion is one of the most natural hazards with obvious and detrimental
damage to the surface of the land and a serious threat to the environmental balance, in particular
in arid and semi-arid environments. It is also one of the important most challenges associated
with basins and rural areas. Erosion leads to the transfer of solid materials to valleys,
depressions and dams. The Taourirt-Guercif corridor has undergone significant spatial changes
which have led to demographic challenges, environmental and spatial imbalances which have
modified the characteristics of the geographical landscape. This is manifested by the dominance
of forms of water erosion and the degradation of the vegetation.

By addressing erosion quantitatively and qualitatively, the General Soil Loss Equation (USLE)
showed that the average soil loss is 37.64 tonnes/ha/year for the Wadi Tlagh basin and 32.23
tonnes/hal/year for EI-Abed wadi basin. It was also concluded through the PAP/RAC model that
important areas recorded a high potential for erosion. Direct field measurements using a RAMP-
type rain simulator showed that the average rate of sheet erosion in 37 experimental plots is
39.18 tonnes/halyear. Topographic surveys to measure localized erosion, characteristic of some
places, have shown that the average grubbing up in only three sites is 1349 tonnes/ha/year.
The study of the hydrological behavior of several types of exploitation concluded that these
surfaces have a different flow coefficient between them; and this difference can be useful for
land use planning through the orientation of the exploitation modes. These measurements have
shown the types of exploitation from which runoff can start quickly, and thus the farmer can be
made aware of the modes of exploitation that can be followed to reduce the risk of erosion.
The role of natural characteristics and spatial distribution in degradation aspects and in
activating environmental dynamics has also been highlighted. The slope and orientation affect
the nature of the runoff, and the drought contributes to the fragility of the land by preventing
the natural growth of plants, thus becoming weak, more degraded and less intense.

Faced with the degradation of this environmental space, the human factors activating this
dynamic were diagnosed, and land use patterns as well as the role of state projects in the
management of these resources were discussed. One of the results of this on environmental
media is that changes in these exploitation methods have an impact and control degradation by
accelerating its mechanisms.

Given this situation of degraded areas threatened by continuous water erosion, and on the basis
of the results obtained, it has become necessary to reconsider the forms of intervention in these
fragile and paralyzed environments; and these precious resources that nature does not preserve
by itself must be preserved by man giveb their fragility. Nature creates these ecological
balances, but man helps break and violate them.
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§ 14 8075 2826 530 372 5399 5181 1863 4399
fi 15 9752 3010 904 704 6285 4627 2210 2767
- 16 10508 3131 1533 1246 7124 3849 3178 1873

17 9363 2900 1911 1434 8002 2863 3262 1469

18 7359 2335 1813 1223 7001 1858 2617 927

19 3957 1392 1228 754 4020 992 1508 516

20 1332 470 333 216 1346 253 423 91

&) dagilly Khi—carré jloa) Glus 23 ¢gupuiall G dadaliiadl claapl)l padisul s
6 o) Jsaally mtad
Khi-carré JLid) gilii :6 a8 Jgaal

Test Khi-carré de Pearson
A el JIa
=5 Khi-carré 144555.219
é qj 3 Lallds,n  Df 126
' aYall 4w Sig. ,000

%5 & lsae 22aal) Wadl) iala o) ) kil Khi—carré jlad) &5 Jeas DA e
Ajpeall il by Sing Lae %5 Ga ial gl (%0 (& LAY 13gl AN duss (0.05)
a3l Gty "Apenl) ST Do 39ms By DA o ) (Abad) Al 5 Ml
Caupll el Sl
cAall Sl sy dspel) JIKET o Ll V) 138 Aals Jom 380 S bt (g a3l
Analyse des ‘'awiall laliall Jdsall dglasy) daphll cslld e slae¥) s
a8y Jeasll At ) dagill 235 (Correspondances Multiples
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2018 Ciuaiy 43l JIKEY Analyse des Correspondances Multiples Juail) gl :7 28, J gaad)

< g 5 ¢
S |58 | e : s g $Sg s
3 =5 | © 3 > ° 5 = £ g
S > c £ < a
a @ x Représentation | Cumulé Ecart type Corrélation2
1 0.537 | 0.288 0.920 0.920 0.001 0.102
2 0.138 | 0.019 0.061 0.982 0.002
3 0.058 | 0.003 0.011 0.992
4 0.038 | 0.001 0.005 0.997
5 0.027 | 0.001 0.002 0.999
6 0.013 | 0.000 0.001 1.000
7 0.007 | 0.000 0.000 1.000
Total 0.313 144555.219 ,000a 1.000 1.000

a. 133 degrés de liberté

bbbl (e %92 J3ay (dimension 1) Js¥) aadl o} 7 &8y Jsaad) DA e i

e %98 e ST YRR Le gaaad) of () %061 J3as (dimension_2) SEH aed) of g
caldasdll

Sl pdsally Al JICAE 2 cppuaiall cp AR e Canll alaia alaa 8 cpael) Jia
8 a8y JSall 8 4l jsand

15 u.,_.s Call pdgadl
@] Al Jleaf

(%6.2) 4151 4.8 5l

) 05 0,0 05 1,0 15

(%92) A 4l
2018 Ll jaasil Sl pdgall s "yt JISAN e G ABA Cpi Cilegana 18 ady (i)
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il Lol 8 (N 1 (o liall a1 A9Y) e ganal) o ety o8 a8y (Sl DA (4
3 Bwaally Al dpadl) i SN cdadl) JIKET e 8 Al GG Y Ay ¢Sl digal)
il pm " e ganally Agieall abY) ) ABLRYL cdannd A5l dadain Cips A alY)
dopill (o oyl QA1 e 6 8 Qi S Al SRl Sagd) @l e 1 9 e
& il Dyl JISET (e 2 Call ghlay Hdsall (e 12 831 7" e ganall o3 i) Dl
asdll) Ayl JIKE yanad ey (aaally duyeil) a1 'Y Aeghl) desanal o L asiall apadil
On Jals s 4l e gl jeaxd SHl el e Cilial (e 155 145 13 Lebiliss (5
((Umanlly Eall) JIKEY) sda J210 (p Suall digeaal hlas Glldg " de sanally degenall oda
20 N 16 oo clidl) ety o1 25l) &5l ah¥) (5 2dll Lyl 8 Ao ganal) 238 7 a5
G (e 19 28 4 '3 5V deganall 5 LA AN ydse il (e 19 2l laele
Casiig Foas Al Aupail) oag Ayl JISET (e 35 4 85l Lebling Al joasnl il disal
ellyg 2018 i &iiye e gl HLEaY) s o) Lo (Jalul) o annal) aaaall elliSy (Calacall
Llal 25 2020 cliyeg 2018 Ziw e ehibl soawie ciliid e cojasl Al dopanl) ddaja oY
.Google EarthJ 12018 <l
L) Uy angall pe Chiaill Glilaey) et Gubii 2 il sda ) Jeasill an
dayhll e e alaaeYh (20015 1986) AY! cliadl e ke oS 5 WS (2018
dlas claviaaill sda (n Alal) 4w )l <Analyse des Correspondances Multiples dilasy)
tlgicdl o3g Ll Heaxil WSl pagal Chvieat i 8 sk ellia of Ao xShlg il (5aals
9 8y d<ally 9 a8y Jeaalls 8 &) gl M deagill & (a5
.2018-2001-1986 535 ciliduailly 4yl JIKGY ACM Julas zilii :8 o8 Jgaal)

Variance représentée
9 0O > =
= = o
3 ST T8 5 5 X
2 g o 32 £ v g
S} S o o o 3 &
— o D
(S
1 ,960 2,777 ,926 92,567
2 850 2,309 ,770 76,966
Total 5,086 1,695
Moyenne ,910a 2,543 ,848 84,767
a. La moyenne alpha de Cronbach est basée sur la valeur propre moyenne.

Lt 2018 5 2001 5 1986 clsins (p A8all alesY) il il 8 a8y Joandl (ge iy
e %92.6 sy 5 U5 aly <0.96 ali gl asyy Jo¥) amdl o cpanl) JISEL eile s Loiy
WTT s sy 0.77 caiyy of Al Jras oangl (S dad) & cas )Y iiall 028y 3D
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L e clidanall o0 %84.76 J3as dutilly Jo¥) oi€iall ol cpaaall Jaigiag ¢ABlall s3a (1
il 9 o8y Jsaal) densin L 1385 2001 dicw hgye 1986 A Jia jolaws cilidll i o) S5
cSlyiall 38y Tl

Wi Lo ptiall Jaliy) dsnas 9 o) (Jgan)

Variables transformées des corrélations
Dimension: 1
1986 2001 2018 A i) Jssl

1986 1,000 0,905 0,867 0,620

2001 1,000 0,893 0,596

2018 1,000 0,586
2 il JISa 1,000
Dimension 1 2 3

Valeur propre® 2,777 0,134 0,089
a. Variable supplémentaire.

b. Valeurs propres de la matrice de corrélation excluant les variables supplémentaires.

s2a Jalsls %90 o ST N demy 2001 2 1986 dws Jalsyl 1 9 a8y Joanll (e iy
Slgiad) 238 Lalii)ly %89 (352 2018 2 2001 diwe L)) &5 %86 ) Jar 2018 o i)
Gl yuaiall Cpay ABallg ol V) 1305 %60 s daperl) JISaL (Lall Hsaail S5l ydisal) Cilial)
LOSal) el bl 10 a8y Joaalls s sa WS ¢ o1 ASall ducily ST g
Al (A Gl (B sl G ) (uld 110 By Jgas

Mesures de discrimination
Dimension Moyenne
1 2

Al Jal 0,583 0,069 0,326
1986 0,903 0,781 0,842

2001 0,900 0,734 0,817
2018 0,878 0,772 0,825
Total actif 3,265 2,356 2,810

% de la variance 81,618 58,897 70,258

e %90 Jgs J5as A o 0ol o Sl bl 100285 Jsaad) P e
Lsgias dupail) JISE e %60 Mong ¢ aSal Ll o Hdse ol Clsind Lually el
chaiall G A akliy andl IS4y Jadd JY) sl e lldas b Lade) QA %80 (o
oanill (9 8y JSal) salaia saly ales (8 Sl 5l cpaadl JBa 5 clBlal) s28 Tasaisy pedl
clesana ) 8 L) 238 (e ST monagns Lily
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Ml JISET ysiag el oda cilial G A8l s

20015 1986 clsind oSl Ll jsax yage Cbtie Gm A DA e
elldg sl By LS %90 (sh il o haS Ualss)) ellia il Ayl JIKET yaia g 2018
Caniail 1 a8y 2520 Die iyl lgiaad Lacally Lgi Lad las dojliie bl () ddaadle DA
838 (f Gilegene 2aat o0 o5 LAuhall Glgiad Baaly dlady 8 S Sl Lpll jaw jdise
Gn LiAD) 3 Lelids 2y i opipstie o lle st 5 WS V1 il G 3811
cemSH Al oA pdse Hekai A A L B)liaall Cilgid)

20015 1986 clgind Sl pagall JVA G Ayl jgaual dyghal duls :3_1
2018

(2 a8y JSaN A el JIKaT ddand) dopl) JIKET juitie (G 2Dl Jaria g Cale aa
& e a9 2018 gl 5 gyl Lileadll el Lo ol Ll jsaxd Sl dgally
i 33l 028 Cam Baaly 38 8 lgmans (8 a8y JSAll) Cilegane <5 o A5 yualiall pans
AR slagly Al 235 20015 1986 Csins Ao 138 Liaa duylall iy e peil) JIKaL g o
Jiar ) 10 &8 J<all ) Glag %90 Gsin ) (9 &) JSall) dug ) Al Pha
2018 o Pl dusill joaxd €Al Hasall G &) JIS3
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cGlgin Bae alvia) e cilbdlall Gilblass dadid (R) cUadlaall dulgae davgio jaiy @ld aayg

cualls (R) (hal) chiall pand 4015 :2_1_3

aalg ccpradl "Wischmeier et Smith" dalas s Ljhaddl cladliall Jalee aaanl
ol Sles e duaall dsall sl illass IS 93 axe 8 Aliaiall CilalSY) (e degana Caalll
Gllanal) le] 8 58 gl laealls (o plaall il sas Gl many (31 cdalaalll Uil
(2009 <gred) JsaY) uaal B dsag 5l djed o) gin Y ama G Blae

5y giall Cilidasall pe 2o Ay c¥alas gl ) Gfialdl e 22e Tad cibigeiall s3a L]
rand el Y JE) dae (e Lin ey ¢ oprall goad) aa)ll cllass b

B dogiall llilally dshy FEY) Hedl) Jane Lo aaies S (Fournier, 1960) dlslas
:(;Jtd\ J<al A

Aphadl cladlaall dulgae :C
Lsh) SSYI eall cllilal) Javgia P
gl Ayl callailoal) <P
A llaiball Janag giad) cllailall Jans o aaias Al (Kalman, 1967) sl &
P JEIS cag g paall 353l Aol 24
R = 143.og (P.p%,.107°) + 89.7

109



Lkl cilladlaall dslgae yd5e iR
(aadl/ale)s Ligaad) cladloall Jana P
(Ao Ll/ale) = g paall 55l PDIS Aol 24 3 laileall Jans <P
agially el cladlall e laysn adiad Al (Arnoldus, 1977) dales

12
2
R = 1.735. [1.50.10g2(P t/p) - 0.8188]
i=1
Lyhaall cildailaall dulsae iR
alalls dy¢l) callailoall <Pi
alalls Lgiud) clladlall <P
clbdlaall dulgee yhse Glus bl Wajlicl (Rango et Arnoldus, 1987) dalas &
lirras cyralls Alaal) doyaill anaSil doallad) Aabaall Joaada (pAl) sl Ja leale adicl Al
Lacisiag (eid) callailoall Jacigia 1 (e Aaliall cilhaaall e 5alai Gus 1987 51 1980 Y
SIS Lgban g cctilladloall alladl o)l 35ail) of ¢ (gsinal) & sanall
LogR = 1,74 « log Z(Pi7p) +1,29
cladloal) dulgae R
ala (gredll cllailial) Jassgia <P
alas (gyiaal) Cillsilocll ¢ gane Jausgia P
£30) algy ulad) aly pagas (R) @laal) ciial) jdije Glus :3_1_3
sl cldailiall Ao slde¥) 23 cpegynall Jaall cilbdlall dulge ja5e clual
< il M deagll 28 ((Rango et Arnoldus, 1987) dlalaall Gudat & ¢gyiaadl ladloal)

13 a8y Jsaall
(R) cUloal Ay jdde ad 113 o8 Jsaad

Rulgae Jalaa
(R) cllablocl) | juindi| pagiSl | igh | siad | alh | b | gwle | dunl | sle | s | Jgelsn | e | Adaaal
34.7 12.4122.2(25.0(17.8121.9|17.6|24.3|21.7|17.8] 55| 1.7 | 5.1 Syl
31.4 8.0120.3(16.2{11.7]14.1|17.6|23.5{25.0/16.3| 9.0 | 2.8 | 3.8 | Clusll Al
39.3 13.2|124.6 ({33.1(22.1]21.3]23.6|30.3{20.0{21.5| 8.0 | 1.7 | 5.7 | Culad) s
31.7 8.1]19.4|15.3/16.114.3|14.6|21.2|26.7|18.0/ 6.9 | 1.3 | 3.0 Chw

pmiload (dals cllandll g sn 39235314 (sl dad ol
32 8y ISl b Abad) clalal) Aulgie Jeles i Y

110




3°TH0

2°45'0

740

720 3°0'0

55-50 [
55 o s [

50 - 45 [l (R) clbi i e Juls

= E:‘:‘] [T qa—

40 5 [ ] om0 [ s 5 —— e

s e 5 e ——r

Ao AS ———— E3U) 2y s ga a50a

45-40 [
20

Aall sl s ssas

L0 5
T T TN TN NN N NN MO |

il e Ll JuSafala. J ga Lanay cllBlocl) Lifgae Jalaa cilth aijgi 132 a3, JSal)
(MJ.mm/ha.h.an)15
2000 I 1950 (o clabiall )l allall z35ail ¢ yeaall

15 MJ.mm/ha.h.an (mégajoules de millimétres par hectare par heure et par an)

111

34°30'N

34°15'N



o 4 55 e iSly elaall Bl g ddali g (2 40 0 Bl G (R) Zad ol
40 o Al sl Led 355 LS (533 Gyl puill casindl 3 S5Ts 01 g Adle
(33 8, JSally 32 48, J<all) Al sas AL (e g Ui Y) £ bas 55

N Ay pass ) a2

32%
350
90% 26%
_ 300 o 23%
j 250
4 200
9 150 12%
N
100 7%
10%
> ) 0% 0% . 0%
0
40 e S8 40-45 45-50 50-55 55 ¢ra Jisi

(R) cdilotl) 40 g2 Jals

clabll) dijgas Jalo il Aol Al aujgi 133 8 Joal)
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(iaugie dlgae 248 500 e STl g2 g dabue (10 % 49 5 lall 2y (ass Anlis (e
Aai ) Auially A pumiall 3l Leis Jleill Aimpmal) msall uginl) zsiad) 3 Lol €355
l3ag colall dy (msn 8 ey £300 Ay Giags Aabuan e 19% (i Aaga Aulan Atlgae el
) Cilaitipe 8 Atial) Jladl) Gyl ) gay

(K) duaill dul) 4@ Jale :2_3

Lall (Wischmeier et Smith, 1978) dlalas (339 (K) djanll 4l dpbeas 50 ey
tdualyll

K= [2.1x107* x (10 — OM) x M11* 4+ 3.25 x (§ — 2) + 0.25 x (P — 3)]
B 100

10l Cs

(LS Ogiaall/ ) (el aUailly djpaill 205l A Jalew :K
4 guaal) B3kl s :MO

(100 — Gl daus) X (328l Jlajl + galall Fud) el :M
Ladl ey :S
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55 e (Wischmeier et Smith, 1978) cayb (e (K) Ldse lus dilae Gadai aay
0.03 G asdl) Cinglis (ApaY) Basiall Vsl dawsad 5lie 10000 e 5iSly sl o g3
Al Lyl daadlly 0.50 5 daglaal) byl Aol 0.10 G aaill 23g) H2S 235 20 <0.69 4
aglaal)
Js> Sl ((Masson, 1972) 5 (Cromary et Masson, 1964) (e JS a6 <L) Jlad Ay
ailly ¢eluydll dpirandlll bl Ll 0.05 Loall adl) cwilSa (uag (A Ayl ol 4
i) dpiacdl L5l (358 0.60 Calas (59l

leas! WS @ 12 ) (Dangler et al. 1976) iyl (o adll oda Chiiad a9
@) ciaglia ST Al Cal€ Vg Hdisall dad Criaidi) LS G (il 6 ) (Manrique, 1988)
14 285 Jeaal) cupaill Ll (alias)

(Manrique, 1988) J dyaill 443l LLE clb ;14 28 Jgaal)

Ty mall 2 0 4406 3 K derd
Jas Camia K<0.1
Camia 0.1<K<0.2
L sie 30.2<K<0.
5 - b gia 0.3<K<0.4
x 0.4<K<0.5
las s 8 K>0.5

) RIS Gyl IS e slael) 5 pumsalls dpaill Al L6 Jdele sl
e Aepe die 37 o cipadl Jlail sdng ssamss (ool inall gl sgadly ALy ashal
A el 2 A I BV sgimal) sabally ) S 350 Chogs ) Jle
Aaghes 85313 g g pial duslal (A HLanedl (gogad) CiSall dugill Ay dss s 1950
(ORMVAM, 2011) ¢abhd Jew JSa 1000 daloas 32002

(e indl ((Roose, 1996) 1 Nyl 15 a8 Jeaall cidagh o ccbdanall Jig5 2a
alall daaty il s e 2l dupall Al 4G i (Sar ADA ey 433l duallall dalaial
Augiiasl

113



(Roose, 1996) I 4 gawiy dgant) Salall 4 o (K) g daid 115 28 Jgaad

4l s & gudaal) Bakall dpaad i (K) Jiise Aad Eead) il
Jall A abal) A Ol L g e g <2% | =22%

0-45 0-40 40-100 0.22 0.24 0.21 AR
45-65 0-20 35-55 0.2 0.2 0.2 e i

0-20 40-60 40-60 0.26 0.27 0.26 L JORA
86-100 0-14 0-10 0.02 0.08 0.01 dey
50-70 0-50 0-20 0.13 0.14 0.12 ey Jika
20-45 15-52 27-40 0.3 0.33 0.28 i Jila
23-52 28-50 7-27 0.3 0.34 0.26 Jika
70-86 0-30 0-15 0.04 0.05 0.04 il
45-80 0-28 20-35 0.2 0.2 0.2 oy sk Jils

0-20 40-73 27-40 0.32 0.35 0.3 G sah b Jila

0-20 88-100 0-12 0.38 0.41 0.37 sl
20-50 74-88 0-27 0.38 0.41 0.37 s sala Jila

e o Jagadg ¢ SA AR AV clidaadlly 15 &8y Joaad) dullaill il Cadags 2y
JSa) Ldsall al aysi ddaad ) Jeasill &5 14 a8 Joaad) o Lghiiaaiy duyeill 4510 daslie
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o> 20l 2y ags dalua (10 %72 Jicié « (Manrique, 1988) s daglaal) danigiall oy
sasie Gl e Ble E 2 Lass Alle pohe b ekt il IS8 e deisa a5 CaS 800
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Lol A Aahall (o Bl i) Jgh cas 050 iy Jlai¥) Jsh ale o LS
ST LALERN L) cilS LS jaal mind) Joha oIS LIS 43 Jaadly (Meyer et al. 1976)
2aailly SOl Pl gSa Jasg el LU Dpeills il Jsh LS 13 o

s G (Ll gl dale a8 aaail Gl aselly slaally gaaall (o LIS aasid
14,0l daledlly (Wischmeier et Smith, 1978)

LS = (L/22.13)4 ™. (0.065 + 0.045 S + 0.0065 S?)

14l dalaally cm(Moore et Burch, 1986a et b) A

LS ( L )0-6 (sinS*O.01745>1'3 P
= % * 1.
22.13 0.09

(°) = JaiV) dsy0 S
Ghlie ol o cloall ladl anat ae Gle WU )l 2 35alll o dasiicg (M) Jially jasial) Jola L
L= FlowAccumulationxCellSize : Jull <&l e )l = 3saill Bl ans i slaall paeas
Benzer, ) cues (Mitasova et al. 1999 ) Lhal i cbaell e by laash
il Al o 2010

0.6 13
e slaall * 483 el sin (J\mw Z\;JASL,) * 0.01745
LS = -
22.1 * 0.09

ool el )l z 35l o il sall Jelall Lol dblad 38 ) JSaN (o

Loslalead) e
Jlaasy) |
(Is) il e seall Jalall e D bl 23 adl)
\[ 2 e ]'_ sbaall gaan (3hlie 1—@4—r

e U b)) agalll e (Al gadall Jalal) Bliiind Abalad 138 o3, Joal
1P Al L)) deagiy cdalall 138 2Dle (David, 1987) Gaslil Jawss 15al
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(%) 2 i) L :S
(M) sially jasiall Joka L
Dl Ay Laliud &3 6030 djwad By (MNT) cleliaB @)l zigaill e B
(39 8y ISall) e sl Jalel) e Jeand] Alsledl) ks o5 cgilal) Al

7 http:/fwww.iwr.msu.edu/rusle/Istable.htm
18 https://dirp4.pids.gov.ph/ris/pjd/pidsjpd88-1conserve.pdf p56 pp47-88
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Variables Corrélation p.value

Pente 48.63% 0,00227585
Etat_sol_nu 42.26% 0,00916392
Struct_tx_LIM 34.19% 0.038353303
Etat_fissure 33.24% 0, 04445487
Position_Y 32.46% 0, 04994594
Struct_tx_SABLE -46.34% 0,00387078
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Variables Corrélation p.value

etat_cailloux 52.47% 0,00085651
pente -35.69% 0,03014876
infiltration_cm -38.41% 0,01893246
rugosité -46.49% 0,00374177
V_infiltre_l -54.89% 0,0004348
etat_cov_veg -55.15% 0,00040279
Temp_1G -56.23% 0,00029266
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Variables correlation p.value
V_infiltre_| 96.45% 0,00000
etat_cov_veg 43.16% 0,00764
infiltration_appr_cm 38.56% 0,01842
Volume_| -56.23% 0,00029
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Variables correlation p.value

infiltration_cm 52.72% 0,00080062
z 42.05% 0,00956102
Temp_1G 38.56% 0,01841526
V_infiltre_1 36.11% 0,02809816
Y -33.54% 0,04239623
etat_sol_nu -34.14% 0,03861302
taille_m2mm -45.98% 0,00419786

Selaty Cun Allal) A5l dlaw 8 aSay 3y S Jaii i A0l o 40 o8 Jsaad) e cpiy

2y og U,V SISy L3kl culs (of Allaal) ol claws (meails V) Jladll gas ligad) WS 5 <% 52

&8 b o(Onsaall) G Ga3ll 3gen ddids lisSh dagy pagal) Al 8 Cus Ll s ) aan

Sl sSs aa g dallall 5 cduolal dlasgie dac by il gSi Ay cAdgll dlgall pans aagi (asall Jausg

Agdal) law 2bay) by AAAAIL mans Lo diide LS5 cCundllS Aol djda 2ol o dndu
redll ¢ L)y allaal)

eyl 5Ly Ml elad) i Ao Jasd Lols Ll 3 ale 2 e FSY) Slsall dues W

0sSe Malby cladie (Daadl G5 V) cale 2 (e S slgall (5o Adle A gy Al culS WIS

A1 &) Jeaall ) deagill 28 ¢ (gAY larially dlsall oda At ADe Jalat day L haS Aol (laed

AT Jalsalls Lehi) duasiy siale 2 s S il Aousi 41 ) Js2a)

Variables correlation p.value
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Variables Eta2 P-value

Charge_Poids_g 0.953 1.35e-18
Permeabilite_Temp_1G 0.911 1.92e-14

XN Position_Z 0.836 1.59e-10
o Permeabilite_V_infiltre_|I 0.836 1.68e-10
Position_Y 0.834 1.87e-10

Etat_rugosite 0.796 4.02e-9
Permeabilite_infiltra_appr_cm 0.696 0.00000122
@\ 5\ Permeabilite_infiltra_cm 0.671 0.00000371
_3 Struct_taille_m2mm 0.655 0.00000732
5 Pente 0.619 0.0000287
Etat_cov_veg 0.615 0.0000332

Etat_cailloux 0.587 0.0000889

, 5\ Struct_tx_LIM 0.571 0.00015

_j Position_X 0.516 0.000756
: Struct_tx_ARG 0.513 0.000833
Etat_sol nu 0.511 0.000884

- 5 Consistance 0.48 0.00196
E 3\ Charge_Volume_| 0.462 0.00309
£ j Struct_tx_SABLE 0.443 0.00486
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Charge_Poids_g 5,84 0,000000

- Pente 3,29 0,000985

sl 48 gandl Etat_fissure 2,33 0,020018
(8,26,25)

Etat_sol_nu 2,13 0,032851

Struct_tx_SABLE -2,77 0,005647

Position_Y 3,97 0,000071

Struct_tx_ARG 2,87 0,004137

2 Ae ganal Struct_tx_SABLE 2,04 0,041684

(1,2,4,5,6,15,16,27,28) |rente 2,13 0,033014

Position_X -2,66 0,007915

Position_Z -3,45 0,000565

Struct_tx_LIM -3,52 0,000430

Struct_tx_LIM 3,17 0,00154

Struct_taille_m2mm 3,00 0,00273

A de ganal) Pente -2,14 0,03218

(9,10,11,12,29,32,33) | Consistance -2,20 0,02747

Permeabilite_infiltra_appr_cm -2,49 0,01281

Struct_tx_ARG -2,92 0,00346

dayl ) As ganall Etat_cailloux 3,93 0,00009

(13,22,30,31,35,37) | Position_X 2,98 0,00284

Charge_Volume_| 2,70 0,007022

Consistance 2,23 0,025484
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(3,23) Etat_covT\./eg _ 2,53 0,01138
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Permeabilite_infiltra_cm 4,66 0,00000

Position_Z 4,35 0,00001
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(17,18,19,20,21) Pente 2,43 0,01516

Etat_sol_nu -2,09 0,03696

Struct_taille_m2mm -2,77 0,00553

Position_Y -3,61 0,00030

@l @l ahlid) Jia 1 desandlld cCapiaill Clegane b Gy Uals) @llia of moay

%81 Wjie deganall 838 (i Cun Al (g € ClaaS i Sl ¢ Jlalia (gaa ulad
c AU s dala B calall By (g Aldle 8 Ay cBashall D) (4

leashu (g (e Ge Hle Wiy dasfioe ol duges ey s lels 2 deganal
il sad Brall e agall Jasgl et Jayd <G e 355 A9 caguan

207



Ao ganall 038y dial) alally cAajn 5 2 Y jlasil (g Eig s Lelel (3 deganall
IS e Byl il ol e g5 Aulilly SV desanall (o Jal Ula Capes L
N sl (ol Jledd) ) (Bi) igiad) (e dayd

el 58 degenall odgr il anldlly (msall Caging Jlall Al e 565 4 e gandll
&l gpaan n Lo Lgiag ill mitipe clulas ) oy (Jladl 2l doniud) cilug€illy e
cerll sad Bl e s IS8 o s g il QUS| ) SIS Lol elle e g

ASulaia g ig 8 lgadaw digdd o () ¢l ot il @l s 5 A ganal

Gl (gl S mhaw Aigddn (Kly o Jls e I3 g ol G)lier 6 desendll by
{JIE10 ge J8 Adia Agas 2 (gAY @yl ae A5l L adiye

Gria bl 58 aagi oAy 5un Al @) ass Alle B <5 88815 7 desanal
Caaplly ¢ cashall GalSIS ¢ peill Ao glaall A giag doglie

il 13 oSy lhie dlia G ) Lganjsis ciliall Gl <8 PIA o gy
Mo ALl ga3 Allall e hliall pdlse auigi HLER) S5 Lo 1y cAunatl) chlaall CilinsSs say
Ll A aSand) sa dawyaall cyliall dpdall cilisSall Al L aSh A aplatl) Ay
sl

208



-

A

(Y laal) odgy Lpeill sk of Aglad) Aoyl JIKaly LT Calide 20 DA e sl
oo @ SRl Saally wadal) JIKE) dias iy aed) bk DA e Digh Cnaial
Chliall ssime e Ayl Dl sile Sl 2Ll S cclld 28R Ll daalin sk
Roose, ) 4aa3l s (Simulateur de pluie '/RAMPE") (gyhall aaall Jlasinls ¢dow sl
Lalus¥) 03¢ Laddg Briciia lgadane b (3o Al Ayl Adlall dsaliall aas 5l (e oSaill (1996
3l B ye dugh Aphae cillails Cigan die Jaadl lghiag dugl Llia C¥gen i3 SIS g Alalal)

hlie g Gua (e Ailie Sl el chlaad) (griwe o el mln culg
O lasd¥) o5 dasgilly Ll 0o Lghanda (e duailaio Cilidy Ao finag digjae o Blarag dyle
I it PDlasa) balaly

(S slht g zohaa @3 Ghlaall gl delae Cina oo clagas Culaill s3a cidiS
A5)lke cdaguill Jashd ae ()5l &g paally ¢ Dlanall i o) s Al daal) JiS)g plilall dals
el calalus (b ety LS egodll plasi¥) &ld afyliially dlall Zolacadl cld chliall xe
L_u‘)wﬂ\ olia paa (e cﬁ‘)l\ ‘_,_‘A anlal) Ldaanl) das (:AL.J& dua 8Uazall C}M\ A gﬂhj
aan e bl 8 A5l dadag (il laatV) dale Jamy 8 o) bl Agenl) aas (e Juliilly
Copnl) s b a2l can 2 o SV (gl (sl 8 Lpia FSY) Slall o GBS iy L Dl
e G il Plaiad dapda Caa) ae b L adacd) Glpal) (e dalil) 6l A3l dlawsy
b))l aillae e Coinally Lada (gl Jacsl) 138 4 cohlaall o dgliie o c)yY)
(+rrdbandl YT (il ya) Au€al) aalad LS clall cflisally  Slall elad) colylie pa 435lae Gl
Ol g W)l Il c@lally daalaall o dalall () (sa535 cdaill 480580

cgelaill ol Canailly PCA Lowdyll GlSall e didailly dlasy) dylidl s
Ll ol 8 oS ) g chriall 038 () dege ADe @llia ¢ Bl )Y dales Gaglad Slaicly
cjtulb c@jj‘s‘)a..}@j\ gﬂ‘,m‘ ;\.uxb-l DA 4:151 d.«aj.m ({.'1 L celﬁ)iylg .ASj:Ij ‘Zu);:d\ B)EN BJM\
osal 5 cJagill 138 jlee ity el sl dag Gus (e cdanpall cilaad) Jals ddlaay)
Jalail Coen 6 laal) sdgy (Dlanally L3 ans coglin 15 cduyail) o3 DA o el S e sill
bl Jlae Jals cbliad) ajgy edoyiuall clissSlly Pl

209



Epral) LK sloie) Badagel) Bypaill plady @8 st Joil
i ksed) ol
Ay ) I Aol Buiig ¢ pollal) aagoil] Hlea)
(3 oo

ot -

4dadla

piilly ¢dalall Aaleally Lopaill a1aSs P oy Al joasi alae ek Ay P e (1
daga CilaaS 35 Al pnal i) Lyl Ly Tadis dage pllge Ciyay Al Jlaa o cdpaill e il
(iasgyaal) Jalusg¥) e daeral) dpadand) Gyl adly o a2 3lailly c¥alaad) o V) il (e
Yla A Ge Y (3 Algads Sy ugalall adlgll o el (g LSy Lo Lganis (Sang
Ayl e ae 43l clyal) Cilaals 53530a0 Al SlaaS 8 sl o (S (Al dniagall Ll
0 (855 Lyl (o Jalully Calaiall (ais) dunagall Lyl o0 Jlig] paely L L5LaRY
23gl 5 Siall L3l (US @lldg (87 a8y JSal) dage daalind Capad Vs EDIE dualyy Jucadll 130
aS Clagiad e oKall ¢ e gulall masall dadag Las Sl (Glual B 5dla lgauldy adlsal)
S Y Al o) G lpan gt lly Lgalaa Calita dupeill sda e Al sasiiall Slsal
Jaangl lgwld h elgy dinn pe Glalie o 8a3ne Loniage 3l arend

Uans b JalYIS Holail) dasyes JIKEY) Giams of ) ja jallae aii DA e cpily
sl llee e il b€ hoass Capn ) LS (e dls o Vs Jie dall) 3halie
Ghlia Cun Ballall sda ¢5ls A 1S B8 @llia of Gl g L Hlil 4 ) Gy 8 il
L ol (uladl (mga Jansg) dumndl) Cagu 8 cBydunydll algg c3yUadll algy Hladadll algy ailall ol
(@2 g 2dly) e et Ay B DAl g (E O g b dalil) (s eSe cAaaliall oda
(lsSl Gl e aagi Ll Ll i) 8 ol fadiad) (e g2 Y G Luas Dl Cies S
Ny o Aalineg il g plge HLER) &5 Cund) 13g] LAdlie algal Ll V) otV uig
(86 a&) JSA) Luws e JHAN Cagaeg Aoy daaliny gl 8)Unil

210



34°25'N

34°20'N

34°15'N

2°55'0
1

T emse Sl s ol a8 50 2 : J}"“’ ‘_ S,
PUR P PP el ol g (g dgan seemeenenes } . Yty
o 350 D 0590 gm srm —— |1 S e
‘i‘b\‘“:"“ Q9 )Lxu: é;:)L e ) N :,\\i‘ ’,‘— .t g

= L \ . v\» ; ",

by gy —— L NN ¥

- A ¥ VT o

a4y ——— \\"”//4/ / '(J,S‘[U T - R e
T T — — i | ‘ g

S 3°5'0 3°0'0 255'0

lallg g3 ags JaN Al galal) ranal) Sigabs o(Jalull) Auaalil) Loail) (ulid adiga :86 ad) J<il)
cyaally cln‘)i)_gu 51/50000 aad)ye galall LihAd) 1 jaadll
Ji Ulal Uadl) dacs) (eliall 32 g Baa lgaly il alaie by cluldl) sda ) @kl 2
5llally caus 1 (pe S8l 43835 «Scanner 3D il e salall Jlae S 2l DA maldllS (o 1 o0
aisal) Slga dase a5 e 4ty i Gl i D )l =350l #5350 Drone UAV 3yul)
o 5 o Wadll Gials g Ji ) sl s aill (gus 420y <GPS Leica 1200 (sl
(AT Ba Ll goasll daenje L iy Xy dgn o @hhI o3 A3 lGally bl Cangs
.C_wb'lﬁ\ O Z\_'D\Lxﬂ E):uud\ Z‘S)fau\‘kfu C.:x;.‘aﬁ}
Y Z\A_)LBA Qg .EJ}M\ 2\.1)'.'\3\ e t_ll.u.\; Liad cj\j,qj\ 018 e g u.ul:\ﬁ\ )2 (e &_QA@J\
dealiiead) Lbaatll dland) ao ¢ pallall adgall Hlhiy clelis M cadyl) #35allS Lgiy Lo 3Ll
Aaslall 3283 &5 o8 yscal) 8yUally Aadatil) olacdly e DU a1 2 3gailly calaY) DN el (1o
OV o G Jalu) sk dalias cbaghiall Ll 20 7]ty Laliid 3 LaolaicY Juadd|

211

34°25'N

34°20'N

34°15'N



lgaiti nal) (g il s oy cbigin JBY) o sl Lliad aBlsall o2 ot g ) 8 IS Caagl)
Ll Ailadl) gual) o WBDUail Jadd 5aalg 85300 2GSV 23 . 50axe CulaSY Gllg 5yl culyié &
2021 daw (elidg 2006 4w 2 Google Earth g Al daal)

GPS_pallal aagedlslans aslly phil YUl (o Bpad oot )0 s
LaaliY) 52L3 Gaaal clsal e Lgalgal anlinn Lo )iy Jaihall ayg dalaall ale culga 2283
plaaial o la)Laly LasleiSill olf)) ae @lldg (A8l (e Jle (ginn Ao Dlihans o Jsanlls
By 7 e Jsnmnll (e a5 chniasl it pe allad) adsaill allas gy ) 4821 yules
Gyhall Ll Lo sale 1) Jaall e lug clanad) 3o s ann (o € b Jlay Lee ¢ el cililas
a5 4 B Ol sier Gial g mlus e b mual (alll cgll g L alall (6AY) dpulal

bl Bac DA JalS 3358 dliay OIS Lo cJan) (g 2aly

«Global Position System: GPS ]l pcasaill alai jeka ciiaall <o) s3a G (1ag
390 A D Siall claadin) e e IS5 1974 Liw SpaY) ¢ ol 555 aa S (30 1y
& p 100 Y demy daxie Ui g aey @llyg L ine (ahe Y aslaiiul mas e 1983 diw
Aatiall Al 4p Caals (A1 jodaill wag Llla oS0 .38y ST il & il W il Gl Y)
L s 2 Y Aady il ) Jead (aall als alis sy a0s3 5eaY

dpclia Ll E e diliadl) LAY (GPS) Sleall Jlitials callall pasail alas Jany
woatl JSE Ll gl ¢ callall gl cllanY) sass aalain (K3 asly o 3 S e
IS Asilimd 3L8) Gy g dpeliall LYy sl sl o g WYy oallall Cuigilly cildlaay)
Cgliiy elgblas aay Cilagledll (aye 5LEY1 (GPS) [lea Jifus Ladies . a)¥) mhaee e aais
ilKa) ) lpdan deay Cum Y] Jlitiad oSa ) DY) e 8 LB aaT Bjea]
(g () (LAY adlsal JalS daws (o Sleall 85813 (ggiads oo b Ll Bae Sl

clacdl allaad Zlall 43835 davae Clasbiag hoaa s 4l allal) gmsaill sl Lhe (1e
paids lle 4By mhad) o e gl o g dlais el o lgmse o Al dydally daalall
Al oy ddhaal) Cilasheall alas L3 ol yeain€ sally alshall s3gs ddleiall alaill cilasles
Sl Y el Gyl DA, L has sl 13 Cilasles dadlaay (ajey (A% gaeaty g A
((Aaanall illaaall) 2l cillaas o 5l bd moumy (52 e Qligrar allall adsall Ul
Dl dall) diply A€ 5 ) et ) el sda gy ddlad) 50L A0lSe) e sdle
OSar ¢ bl Clagas allaill deay aay «cnlll aua)ll daiphas QS 20 ) 15 o Lo g (sl
o dsanll e Dyl mesall Bilag aladinly assh s daaden dalil)) e (Sriwe Gatal

212



(@l gl alla BIS 3 canlgll awd) ) 283D e (giese Gaiady el gl 8 cilashes
Ll Jyemsl) Jgany 1 gilgall (3 e gal) rasall il ol o Lacaly aldatll A5 50 255 LS
U8 e 4 Ysera OIS LS DUl aad ) soall) (0 Yoy

o ply Gl e aaladiad i) ) ol Wl e aaa  allall e gaill apaas ol i
teh Lo Llall 038 (G (e JSNg ekl Calide g allad) (ggise

Apaliaall Jlae Y1 b Baganyall Jaiill o Alaliie 4355 3539 ] glise ¥ -

dna)¥) B mhan Ao OIS (51 (A5 canll (b dele Gudes a)) Sl o lla i -

Adle Lal) aly (zsb Ol Gladl case) dugal) dalsalls 5l Y -

cOalalal) e Qa8 axe (Gou abidn allany Y -

Halle 48y cudall aaas dlSaly (dBall (e dle (S5 o3 —

cJgial o Lglang Lan clgy Crom Liglitie Jlanls a3eal ism -

Jale JLae¥) Gae 32V Caag adgall 483 Qlaly allall acagaill sl b 53500 Jalgall (he
Aiieedl) Ly e Loy Lodlall Jlae il Jeleg edlayall chlaY) e geall il il
o) e oyl WS laan g ol e Jaad L0dlad) o Gus

PSS oS plaill 1aa 5)La) b Uadl) jalias aal ey

GO Sl Letie WiSn Ji HLEY) Y ¢ e lihaa¥) aill e LAY edas e dasl Uaal -
e AL Jaee Gl s pliaiy 83930 Jliin) Beal (5% L sales ¢ Sleall ) Lyl & (55al)
sl 138 s dal

o Abghall Ll e @il leaabaY Ao 5LEY) dal ol GulSas) (e dail Uas] -
celbal s ULy 5LEY) Sl Ao (ge ui of 4Ld (e 135 oo Jladly saial

delull oo (585 Al A8l cuad e Ll sda oY ¢ leadl sl delud) oo dals Uadl -
c gl Cae elbdl Qa8 g ¢ e lilaal) jadll 8 52gasall 433

A oy LalS L) e o)) LalSE claaa) Sleal) aabiivy S Leliha) LEY] axe -
plad ey LA Slead) dim) pre s Baplalinally LSl il aally SLalls crana uSally
ilg algal) aans e Sleal) 508 pae Jlain) s sl sl 8 UadY) s )lay)

e dgallall AaSlal) dall (DA ged Paisally bl adgall ol dDle ady Lad Ll
aUaill .38 ((Global Navigation Satellite Systems)l | Laial GNSS Zeliall Sl
o (A1 amyall (S0 e LYl Gal 8l Joball Jad talady) A Cllas) aasaill allal

Gty (53 A 91 AuSlall Jind sgal (s s zrdans 5 3 gl calail 21 5 5 Uil ensall A jlind) Aadlanall il ) NS 1 i jo3 canin 23
(b sl 2 sl Gl & 5 e e 313 g0 cAilall il (e DUl Lulul 3y ol apans oy cile s ,Y) O e e el o T e e
/ https:/iwww.ancfcc.gov.ma/GeoideAr.(GHM16) 2016 < _aall (angll 2 goal) cania () 2 3 233

213



I3 atll of (gl ¢(ansall gallall Uaill) WGS84 *aisealy) o callall pcagail] ol e s ) )
g5 Asgal)l ol AngwulY) Gleliyy) e Gy g 13 mho e dlal ¢l e
Dlaia) ol Cigie Jasgia (e Guliall U )Y1 98 Ganarigh ilandail alaee b dsglladl) cilelis )
28 ¢dalud) lallaias & Giguie aul 330 (53 ¢l Y) a9 (MSL (Mean Sea Level) J
NGM (Nivellement General < 4 31y jaall Lalan) Lal L as gl bl allaill (adn Lod
Gle iyl sdg) aaally «giagi V) g W) auls clelaV) e gsill 138 Cayag «du MAROC)
(2010 ¢353) ol rpuin Jangia (g lan 5u€ dawty iy gl (Gilutia mhans (g tagunll 5
Agln Vol 4) Cagd aliiie e 7 paie hans 3008)) Caudly 4180 (DU Rl JSED) g8 2
pae lgaal Jalse saal daiis (il Al Laliudy i) Glus 8 acladind (Ko Y by cdieas)
g ) (S gU)l) oallall agaill alas g L)) disas iy (K ¥ iliada A8US il
oo i) Jagat s ddadi JS Al A yaa (g cngunl) (g (380 dgal gz i Lild o(aguaiall) (55asi)Y)

Jas duma ddee ey dgaall 58 asar gl Y Aagaeall Al Ling caguia )

dayll @b 1

Statique culil) vayl) :1_1

23 ¢ oallal) asaill alai aladia) 8 ddg jedll — dale ddiay daalisal) = 2l 3yl 2] o
BM sl alatl) ol dama el Jadill ) G V) culil) e (ST f) i (ST o) Slea Cima o
(Leabilan) aaa Cagllaall) Alggal) ddaaill HAY) Slgall diny o) e cililany) Lo sbes (dalosall 42l
L (< 2 g o(Observations simultanées) gualiadl aajll (10 4283 30 (e J& Y sl
Laglaa IV Ahaiil) (o Lalllag bl M o (2 G5 Y (3h X (38) Tl am) 2y Bacld
oy Lo gl a8 (5s<g 130 Bacldl) ek e Al Adaill culilaa] Clea (Sand cculdilaa)
Baa 482 ) Jgumsll (sl (ot & cpadadil) ( @ljidie dum)) Aol Chual oo JB Y "5)0)" lgle
(i) daa ddle Jlae) s Asgaall ddaiill i) Glus & ey el lad Gl
Gl Ll el g ol Ll o Al sae Bl Y ¢ el Llals dela 8y0l 358 o Jeay
Sableal) A8l a5 )]l dulS

ldl) vay:2 1

degana Jind (L 2 Luds) 836aY) (g 230 il ae OST ) dia)l ik Gudl & Luis
cAaglae ilflaa) il (Bageayell AS0a] T2 (ha) (lia lla (5<0 Le Llleg gl (e A L) (e

L) ,al)

214



e iy 4l) delu e Ji Y La "Bye dea)l) g s g Alggaa Uil Bea) (Al Jind ey
aalie 282 Jgeagl) Koy a (302 528 Jaghd J)gk]

datiall dayll :3_1

llad) asaill alai Sla 1l aall Jlsh ASall 8 s Sleal) GsS edayll sda
48y (oot LBy Y Aaaluall Luavigh 8 ddbll oda paaicd Y Gl LL3AL o Bl b cuda
284 Ll b (gl (Lga Algandll 5l Gl 53gaY)

Al daiadl ayll o datall Ak sa 4 1

LaSd (ST caaaly Ayl Gadly alladl adoaill alai aa) Byl (1 Ao gana Lglals ol 438 2
Sles la Ly L) daslee dai Lo Wl G5 callall adgaill alas Slea @llia o) Ll
Gyhall o3a anle adiad M) Tadl) Alsgae— Lo gl Aok deayl $hai (55621 (e degana 5l) AT
Dbl i) (e (o LS L) il ashs cdaglae Cililan) cld ddagi img i) Sleall of o
Lol dad e (Ko Ln o cdaiill 03] daslaall ililaa) s Lgilisy oallall adgaill ol
((omdany) mrh) 2l cy e daal IS 5 allall aBsail) QUi Ll (e el S ) b
die deal) dlaal i b eliall el uii da) B lgadi & Uadld) 13a A (e AL,
(Al Alal vie Gigenall) Uadll 130 dad d8lia) (g LS 138 Ml cchariall AV leal
Jseaslly Asgaall daail) clfilaa] 48 50l LiCed lggaall dbaail) die  oallall agaill Ui via)
F i) (S5 ) d8al

to el (S0 Bl e dae @lligh culund) ddeall 38 o5 (S Ll

Post-traitement cinématique i<all cilualls daial) sagl) dduh :

o oV g Juead 2 8 il 5 culill Sleall low — LS Llaall JleeY) o
Gliha) Glesg sl Glders Glbleall daay asiiy casll dalgd & oSl Bagall 22y gl
agladl — Laall gf — ddaal) ldlas) e lalaie) 4l ggad) Laall

RTK 1 Laidl 4 (Temps réel cinématique) _Jalll daial) saf) divh o
(Real Time Kinematic)

il Sleal) 0e IS e onSe S sl Glea S of s dikl eda b
pdsaill allai a8 Uadll Gileeny ) 5lgall agis G o(Mobile) <l asall Slealls (Statique)
= S bl Sles Gob oo — Glapsaill sda Jlyly aa)ll 58 e ddaal JS Al
~ dalle 48y, — dlsgal) ddaiil) Gl il sl sl agk o)sn $Alls atall Sleadl )
Gluall ddaad Zaphll s3a zlias M8 Jully (87 o8y JSAH 6 minge g WS Ladaalll e S
Byl Gl 8 LIS 5 Laily o €l

215



RTK _Baall) datall sa)l) Jlasal ddyh :87 o8 Jea
Aapphall o3a . lglelasial Ly Wages Wgilhae Lod Al Gulall (g dipla JS b caslilly
s Lieca GPS 1200 dluai Jie (55kiall) 53aY! ae Le@ilsil Ll laadies ) & 5aY)
se by ebdl) Llee g Lo cBangy Al aslally Q) 2AS Linslobiaganl) it 8585l
ilidanall dallao dlaje 8 € IS

allal) adgaill alii Bigal ¢ loil :_2

bl Clegane EDE ) allal) adsail) allas sigal asaidi (S cdale ddeay

(B sshall masall) dyasand) BeaY) =

.(SIG) ddhrall cilasleall alii 5gal -

(BSA Cinlggl) GUAS) Ligay Alganall Auadlall 5gaY) -

dcganall o (hsiasle Ulaly ciian) G o A5V deganddld ¢ AT £55 (e calias da0)
(e 8-4) 52V degaad) & (e 3 Y aw 10 1) L)

Jsll alaee 3 Lgiienl igially adsaill ol 83gaY daiall Lallall ASE aal (e G
Topcon 3 Sokkia i$dy dopmsadl Lieca 4, iS5 Trimble :clSy ® Loyl
Ol

.GPS Lieca 1200 e sball mosall Slea cdianlly 5)5eiall Lieca sigal aal om0

(sl Janll) Slgad Jundl Ak :_3

216



el Slgad) Jlad) Ak :1_3

Sl daslaa Ay o 4iiy 43lisa paand day canage ddai il Galid o Sleall Jind
(Ardsa 2a) (o W) WIGE Loy Sleall asi ol Ao e Clilal Glaall 8 agage il
Sy seasl) 5538 (g dlaal JS 8 callad) adsaill allas dimy 8 Wadd) sy Sleadl ash us
caial Sleall ) (SO sl Slea Gk o) Glapaaail) o3

il jlgad) Jlial ddih 23

GClany oda) mosialy ash oyouy (il Sleall (o Glapaail) el Hlead) iy
adaalll Gais 8 ('RTK Laalll @lpaiall dal) Aoyl docly cdille ) Alsgaall dlail) bl
() Sleadl a)

baal) 23 of ubidll :3_3

Ol lele adsay Al Al S lasg da) iy Cos atiall Gleall didasll o2 a5
(Jendl 535 2l daiph Css) ClihaY) dasias gl ala I8 Lglas

Alwal) 2843 :4_3

Oaih L Gag cdille ol Aadaalll callall aagaill sl 383 o) Cagpeall e OIS clad
ddana die dlea)) dgag o et (daradic Cilimay DA e K G alayY) dallad # sy
lgkilan )y daiaial) Wgililan) o ()l damayd) Jans (o) 5 saclall ddass) ulflaal! dasles
AU Al sda Galsi aakiid @llig (ddaal € die — aayl) Uad Ao dnajll 20a5 & dseandll
Beal alatin) 588 Ciela (el aey Dgenall Wlilaa) 280 uual (hatiall) 5ageayall cillasdll
g5l 3 dediadl & (RTK aalll chaiall sl 8k compal Gamy " sl L)
cellall i saill Bigal aladiuly

Glea DS aie Jaall lag & o(Daiall) Sleall Jals ladss apall Jadil) cildlaa) opias L
aaBge cililia) Gy O dhanadl Sleall b Bagagal) Gluall Linay by ceaially cutil
dsast i Gusllad) dilaally olay) ALA) o jelad lgandsi dyal) lilaaYh g3l (Lol
Dl lgads a)yall ddaiil) adise )

lghada g cbidaaal) 7 A :5_3

Gl (3 leall ask sallall sdg) Alieall Jadill (e desens ady o Lo 5alls Luld xic
b by ccdle ) ala Lol (e Lgbigaty ash daaylall 581 ) Leabiannly clalall 5,81 b
o astaal) Lalawyl g3 o(txt.) Die caslaal) 25iaY) s ¢(Carte mémoire) dus lall 5,51l
bl Aallal 1389 ¢rse sl

217



(riSal) Jandl) clsbanal) dallas :_4

Jae 52 Lo agatg 830N Jagil) Ay cantigh ronaill 58 duleall 038 (3o (oulad) Cirgl)
p Ay Uabe 83n ad lajons ddeall 038 cakilia ol aselia ol Liha ) ol S

Glidarall Juaadi :1_4

LGO Zasay dhuly cosmlal) ) callall adgaill Slen 0o lbuaal) s ol Juas
S Slaanll e el dllia cLeica AS)a ) v Hlgall o681 s ((LEICA Geo Office)
L) Al Caua Jadi gl calilaa) I cllal) Qigatl elldg (83gal) elsil Cavn dalaall s3gy o
caall e 352l headil) acl) Baeluay cmlacall jallae joa) B ) o Wi ig ccaslladll
cAaleall o320 8 OS] Leatis Ssapll s Lganady (D Ladill 1Y dpSall dume i) ddasdsy o
IS8 o o 436 calladll ) wling Y tds¥) = gl (e cpess i o ) 5LEY) s
Lo W gsill 13y (o) alal spans dises 8SIA1 3 dasia lilan) @3 digene Sl
zlad pla Clatie I8 e Jaand ¢ SE gl W RTK @il Jaalll sea )l &yl uliy
Cug @Bl g sac @l laghad dayyhay ciblanall dallas dana )y ddaclgy doyéil) die dulall dalladll )
& 558l dayylall V) cdalleall 38 () a3 aea )l Gyl IS5 il i) Slead) G dea)l
! gl g5

Lildg age (o) Clubdll Jigadi :2_4

Glabal) dlaty el Gilbnayy 20aT5 cageny () Qlaball digad o adil) dlsye 2o
Ly daly Jeny 53 Covadis dajsy Syl o3 clilla 4 . Ldhas]l claglead) alat Silaayg
435S @iy clulidll Jolas lgle adiey Al dualad) @il 38K asy o)lic b «AutoCAD
B Jaeat ah ol gy gt Al gl dals cluhall (olSe B Lladna) Y
038 A Cilalimag Jaghadg Lok (e (35S mena o) (aiha IS Ol caslae g LSy dunail
bl bl & (Aol a8 dulial Aoyl QIS8 e Jgeand] Jagladlly Jaill dayy o3 oAl yall
lialleas ldarall Plaiadd 2 cdale diay Aabizal) Ll aan o) cdalisal) ol cducayell of didshll
Al Ge Caaglly caglhaall apll s
lally $3) aagal allal) abgail) alaty Ayl (ulid :_5

Jyemall 2 all 038 A ggasg Alladl ISy anilis 48al ks Laalll il da )l gost alaic) o
Lail] i€l dadleall ) 2l Y Y siala clidara e

218



aaiil) e aufng (4] ad) Bseall) desll Dol zuad Sleall ehal paay an o cllig
(42 ?EJ é)}«éj\) 2\:\:&)43\

2

3t
L&) &3 5) colasalls Basaga dpanye Al Ao Slgall culli 142 ) §) sl
2019 u5€i 13 lae Jae 2 jrad)

219



bl dasly il o lual) Ll w elgw chanage i o Slead)
(lguldy duanye (9] Al Hladl w celld a8 (42 ) Bypuall) dalall die Lgd) goasl) (Kl
(A B o)) vie ALY JgY) Akl (asdy Eaill Cag:

(st ¢lali (e Jlgadls lgaflaa) paas o Le We (e ye Al o Slgall Cuiiiy aead ax
lpand o daih llany) daglas dhadi 5S35 laall goasl) e Sy ¢ IV Byl b
allad duus (e (el

tomalul Cpiagl calally £300) pmgas allall adgail) alas i Jlasiad)

) Gasa il Cpreds Ay f AN g 2019 68T 13 as Sl ulidll Yl
o8y JSall) s (s dala ) )il Jgs 2020 cade 22 ag i calall (asa cdiasdl) agasy
paa Glaal el DU o) z3gal S Jomasll allsall 038 e 58 Gulidll 138 (e gl (86
yilally cala) AN maslall (pe Lealiioad) ddaiill Lladl ao 7 3saill 138 L3jlia g e5astal) 451
sk Aaliseg cBagaaall Lol A€ #hataly bl & LalaeY Jeadl) daphll aaay syl
Al 558 DA JalaY)

Cnt OSg cbgin JBY) o ol Lliad aBloall 038 o dulaal) (& Caagll IS ¢l S 5 LS
o ) Lah Banly 81y oLV & Baaie ClalSY @lldg Syl i b lgat Cuaall (g 4
coebal) 5y5 2021 A3 <2006 4w 2ie Google Earth ayigy Al 48l dillall A50adll )geall

zelall ¢ ihaall 2Ly b lgle alaie¥) aal (2021 alin 2 as duaasall Lol el Lils
Baeaall 8l cale) DA

sl Lgiallee add g paall AN adlsall sl (e lgle Jeanall Gildanall gy 2a,
dala dinds ol "Covadis’ dajas Wl oy A aill oy Culfall 42 pday a8 DU ) 2 3900
SV Jasilly chath i gill dugpaall VAl (gaa) dalis puy 3 LS "AutoCad” dusay Ay
2w oo JaS (Ol Qg i aly o Rl cew Al 44 48 Jeaalls 88 8, Jsall
) DN el ddadil] dolaaddly eiliall 038 A5lee 2l @llg ¢ allall pasaill Slgas presdl)
Byl 3yl

220



713600
1

713700

&

410500
1

410400
1

I
410500

I
410400

das yall Laail) ¢
33 gua yall Ladill

ibadl A
Qs g 52l dahiall o gas ——

A g y2al) dikaidl)

1
713600

T
713700

30 Gagan ) g s (allal) pdagail) Slgas (S sl pranal) il 188 a8 JSil)

.GPS iy (i 2019 sl 13 Gl das 1 jradl

221



(SN 13g) ) 7 3gai ol @y (Jpal) gan ddaian (dabad) daaalill dupeil) (K5 e
Bpnal) 3L manall ey ihaal) Aid elow dalall die clgal] poall duaaje il gy aa
A4 85 Jgaal) ) deagill & WS Olfins JSAT 138 ol aaiilgl calasl] SN alally
JUAD) g DAl ¢ allad) pungail) aUity Baguayall Jafil) Julat il 144 pdy Jgaad)

OBJET MNT
Données Valeurs
- Limites géométriques minimales X =713553.239 |Y =410317.144 |Z =460.010
- Limites géométriques maximales X=713713.896 |Y =410561.350 |Z=471.402
- Nombre total de points dans le modéle 1271
- Nombre de triangles utiles (aprés réduction) 2527
- Surface 2D des triangles utiles 11822.79
- Surface 3D des triangles utiles 12568.80

J<aN Gadlaiulg Lgin Tl 5l ddass 1271 (o Bageasall dasil) aae O Jsaadl (pe i

sty ¢&lia 2527 oag Aallaall 2ay JSEI) ASAT Eulil) ane Gy cdaloall 28 d93a 5 88 )

EDA 2L daliaally ¢ U< 1.18 a5 Ligicsal) dalusal) . (GAY) masall Sl aa 43)lae AL
Ll o3gs Al Gl s Laa 1S 1,25 g Adall JSall

222



Mar pSY el 35352 wlly pall JUS o Ry pansi s g o)
Scanner 3D

daliadl lids Lals p)luiall oaslei€illy alall jolaill xa Al galall masall il &)glat
(ohiic) Buadly jgumy Ay alal) A L) illae o Jguanll (65l malally Lyl
o Asgas (5o 403 L i) 038 alasied i ¢ callall puasadll Slea Aane ) d8LYL (2013
Apadal) (3lall we gilie cad L 1) ciglly agall 8 jlaaidly diys sl

A ilavae 35S Jal G daady Bygem 5AY) Clgiad) b g3lll sl A il
A3y vlyee g Ll yualic Jalaty oo 830 sla) A (6 3l mealall a8 dlle ey
(2020 ¢ ) Lessh e e oalall lajelan Ly LIS (o ililans pans

S rsal) L landail) ya il el A dadl) Cilavaa LY Lilall 038 ardid
Al e g cdae il G50 il IS8 aal) el 3l g addiad dsa Ak sl
S 73l iy edpladill dalaal) 038 dalleas zgrnaal) puall slad¥) 4B Ak o f Al
PVFERl Y
Jead) Al daagiall :_1

ailindaty e AN malall Bgal gledf 211

) ©ll o) (ol ) (g5l malall alaY) D el lal S Ellia
O Y] bl Jlesia) el Guld Alls g - gsall ol malally e e Jsanal
5l ddlesay cale 1.2 ) 48y (e (43 a8, 5y5.all) (LEICA SCAN STATION P40 ¢
el sSing L 700_Mpx ) duai jguall Zaag (Aulll 8 ddati Ggala Aepons ¢p 270 ) Jesi
Aays Blye o5 comend) (o Aa€aiall A Sty Ly5all) 22V Jlaals (ald acd (e dale dhiay
8aane ddady & cudfill Ja ) B ¢ (s35aally Y] sl S paag ¢lysal

223



l: A

4ilig€ay <Leica Scan Q40 % @};\n ‘be\ @.ul.d\ \
2019 5 17 e dae i s2adl
el diaall davigh ¢ BV lgia 38 OVl b laada dla) D (55l malal
Ay 5 Gl alall fiaaa 121
Pala) D ()3l el Ciae bl s 10
¢cluazal) PLE R
¢da guoaall dabaiall Cilihaadll (o € aas -
traal) (o (lilaadl) Blil) 8 5S Aoy -
Jyeasll Lisrn Jla 3 Lo pals 30y cdine (b (150 zsesaall pusall Sililaes o Jgemall -
sl
Dl 3l cbpual) asing 438)ye AlSaly ¢ ug el auaall pailad dae o (g3all) el (Kass
patl) il Gals age 1305 ¢lgd AaSaiall Jalgall Ju gl g 50 pe JKEYg alusal) e
S ol A lgie 8l Sy das Bpia alual a3 Ailiie Gulie e Jaal)
BV slaie dilaial (Y dunslsdyae
i) a6l pralal) aladinls Jaad) diuk :3_1
tsts edalye D Gle (<8 danll lshad

224



el gy edsall il (pe (32l cJanll 2S5 Sleall e oyl g 1A puiaatl Alasall v/
ol sae W) Ly sl e e

thy Jale B Har 0ye g8y 1 luall Jaall V0

dayll Alans lga ahatial Gl cdsise dpall pueadl o iadl Joa culilaa) A<us el oYl
Jyemall 2y g Al s3gd Luailly Jladl g LS ¢ callall puagall dlans Slga sl (ALl
G LS Calaal) cliln) Glad GaY i Cages Al s2e @) ) 3<a cillasal cililany) e
el B o) Slea 35 S of Sar Aaslen ilihia] A5 dsag are Jla b adl ayeul)
zisas eli) 2 (il dgee o JE aa) Jla 8 derdiaal) (& Aihall sl B Cillana e
Al 2

als Calaal Jee dagh JSIadf Gus el dulead Zocliall Calaa¥) due sy laad 3 cLals
CalaaY) deayy bl Sy Aes ye 1S Aug SN Calaa¥) alasid o ((mally 25aVL Gldle ¢lse
Taliicd Lgablan) Giluad dllyg cannse Shal acad) o Leasisi o5 5l ) s e sl 5
ac i) A<l bls ealilaa) )

waas Laady GGl 8 88 A ae cala) (D mald) ddacly aeall e 2 1IG
ddee (a5 Cuns pgaad) il Jgn 03 L Sl o dalll e g WS us JS8 Cangl
z 35 ol ) Jyemsl) Coags AlS @lldg cacn) DS arty el Lgwany po A3k (3lalie presal)
Gy A Y sl Dobee DA ain (K0 slake e 3halie d9ag saliy (A8 Baliys JalS
Gl alae YU doleadl o3l ralall Sagad o 2 Y cqresall dolens oLl U8 Y dndall dee
(sl Dlen o) ALalSiall dlanal daga 5l gopdial dacalls Jlall o LS) sl 13gd danilial
Byseall rase LS 5 (BB aaaTs (gl Jlaes chagall g sy clibull 5ac B oLisly Dl elld

- (44 ¢ 25l
o R QW A hayp ok < ] SR

BV_Tlaghe 03: Station-001 o Vi S
= = isualisation Scan
fFieId of ViewTResqutionTImage CtrITFiIter EDM ﬁ ;

Field of View: v
Hz / VArea[°] M | 0.000][360.000] M
=
Task: \Scan & Image v \
Est Time: 2min 43 s i
Ready

L
(gowally cidlaey) ) (P40 (5,5l rulall LiLE dgaly :44 23, §) gall
2019 5w 17 Jlae dee 1 jradl

225



e JUa Gsalall e abiead o5 ey cpald Cile b g il Jada 2 s lay))

idand) ddle ailad 4l Slea 55 e Y (jad) agly cdadall didee fag : oSall Jaall v/
daiad) 35,40 (e Cyclon dusayu cibdaszal) 038 dallas s 5)L33 . (Workstation — Jae
tohle (A IS Jaall dalye padlicLeica lgall
.(Registration) Jsalls Loleall 038 ey da3S e 5aaly ) deall cilans raes o Yl
DV () dilee DA aa) (ool oSar Y lly clgad e pall e plua1 ALY 1Ly
Al ags Y el e by chuadl o epslaall bl o Sl
Baaaie Cilhang ) duhadill aleall d53a0 dilee a9 (Segmentation) sgiaill Llee < BIG
Pk Lo (38
ol das o IS ccmally ohaally Glgllg gl ua M talal) o
Ny cohaal) g Caally ¢slll Joad i daa)¥) Mie tpasall o
oY) g adalim ohaally (ohaall pe adality Ciedl Mia tlaslsishll o
e ey S8 ST ADle SISY) lpa¥) laal sy Gy ¢ oantigh KA dadas o5 @l ey
Dpeail) o \gindan b aciay ASESN QB S Ddadil) dalarll (g leyn o Alla b L Aukadil) dalasl)
zseaall (2 Llal)
Llally g dagas 2ol SO ) peailalls dual) (b s 2

Sl @llig 2019 il 17 ase Il agas algas 2l DN el L) (uld 23 330
J<a Jon cbilase Lilal 23 5ya dunage iy gl 5aclall Lok aumg any Glldg cLeica Scan P40
2 Baxie halae b Caagll e a3y L (dalie) JalSie 415y Jlaer SlalS diasil Luaalll & janl)
Aagall (& Gpricaall ciiglly Jlana¥) dinyha oo 8558 220 o5 dujanl cllyg o J5Y) dlaaall) dulaal)
AIS sl DN z3satl elid Aliie Hsem 380 aa pe 20 383 o ity - ilidanall (12335 dalisas
Ol (8 ]l Baag )Rl dalee Cus (e daling

dalledl ((Workstation — Jae dlass) il gl (e casall Zashall 53g] IS s2c Liigaly
dials (89 &) JSall) sanly Aana b dadill (e ) e Cun ol Ll e Jilgl) o
Y] DU )y il 138 tial o)y Lali) Aaleall damayy e o5 cBasa 48] S 1Y)
¢ leadl 138 alxie) 385 Y LS ool Ao gite o deadl) Angidas 8y slow (5a] Cliaay i oY
zhe e Sleal) S ddlaie (gl JSLa & ccilidanall 38 dallaal (piiies Lujss s Ules Lae
i Jal) g diaias SlESY) o5 caban¥) a2l - clinnslll daleia (5530 cLaila

226



Gilaadll GAJJ (90 VJJ d&:d\) QL}L}M&‘ Y Z\AJ\A.A Caal c(89 («5‘) d&ﬂ\) Z\:t;..q).\]\ JBJB Axy
NENE VIR AP N -]

3 ModelSpace: ModelSpace 1: ModelSpace 1 - O X
File Edit View Configure Create Tools Help ) . . ) ) . } } )
= File Edit Selection View Viewpoint Create Object Edit Object Tools User Apps
A & Help
=-&8 SERVERS N = —
- &) DESKTOP-VLIPUQO k@7 /@@ AU 2 @69 i
5 @ TLAGHE Eh bl XN
=2 tlaggh01

-4 Known Coordinates
+- % ControlSpace
i ModelSpaces
40 Scans
i Images
al-al s1
=g tiagghll
-4 Ragistration 1
% ControlSpace
= ModelSpaces
=& ModelSpace 1
27 ModelSpace 1
&) DESKTOP-VLIPUOO (unshared)
4 SHORTCUTS

|:| Show License Information at start up

CYCLONE MODULES IN USE
BASIC MODEL TruView PUB
TruView PUBLISHER Pro MODEL VR PUBLISHER REGISTER
IMPORTER SURVEY

MNothing selected. XY Z

5 B ¥ \T i
DAY g e} SN el Baguasal) cAdliial) ) gually Audadll) didaaadl ¢ g3all 190 o8y Jil)
) SN ol ulall Cyclone dusay cilasie : sl

227



Ay Bl @ e b @8 ) Gl geay goig) zisall oy ae

(92 23y JSal) danall e Lelia auad olldg cdubaiill sl (0 Cisesill >'CloudCompare”

By cad Jaids Gus (91 a3y JSal) Laall <l saell Bl Lglia oKar Y Al Llsad) oY

ReCap i ¢ jlgall dniiad) 3,0 ail) Cyclon duse S dubaiil) Llaud) ae Jalas Al Cilina il
cOblarall e goill 138 dallaa Laldll Glaanll (e laye s (Autodesk 44l autll Pro

= i, i T s B oy

T - N

Rl JS2 (s Il ol 91 gy JE20
e DY el bl 2 jaeadl

leliias 2 clgna Jolatll Cilagbeall alai Cilimayy (Kal Lgiad (po Caaiilly Lakill (Dol e,

B yildally «msail allal) oUail) s e Lgiijlie angy elldy cp Uil ok A<as e (92 a8y JSal)
5 yacaal

2 https://www.cloudcompare.org/

228



713600 713700
1 1

410500
1

410400
1
1
410400

........
oooooooo
oooooo
oooooo

Sially gl ) i
362 - 360
360 - 356
358 - 356
356 - 354
354 - 352

25 50| s g el Aalisdl)

410300
1
410300

Il i dlla . \guilis uuug Al dsladd) (sa \ghalaiiad 2y g WYY Bt Jilad :gzooéJ Jead)
b DN malal) iy ulid 2019 by 17 (Slase Jae 2 s2adl

O Aealiie (el P ) ziser IS8 o g i)Y L (ge 355 92 a3y <A oy

Alall Sl s s LS Canidty Lginllee ey 2l DB ) da duladil s
Basatal) Al BaaSy ann Clung () 230 pe g lie Cangs g cdusg paal dalosall pons Ll

229



UAV\‘)W» e)SWJ)
A Caal) ) daall clglaladialy lgilina gsiiy bl (s il ilall g A elaill agud

2 e oSaill il Agald) e LSl o cspnall LSl SIS e

g A leWlenind o callal) a5l a5 Al @l Ll e cllall casl

) aleiy ays€ dnae (e Vs Al W) Jie Sl Jladl Lals (V)

kb Gy Bl :_1

kb Gt Bdlal) s 11

bl P e L ol Sig ¢ jbla e ) ilall dalaiall cilallaiaal) cnalial
2y oo lgd oSl Al SlShally YY) JS Jed daml) Lalill s (Drone) g )
.(Melzer, 2013)
Dha (e 2 o Lgd Sl 2 oK1 B Jead Y 855Ua tRPA® aay (e oSl il cf illall
.(Tomasello, & Haddon, 2011) ,lik
So 5 sl Lslhall yualiall gsane s (RPASY aay e oSail) el clyillall allas
)Y Lhall dasay daa)¥) dasall e Ll aillall dadug s (g ohahall
.(EUC, 7th Report, 2014) laiiwy) sigal ariiuag
e 0 L oSl bl (s Lsa lSie o UAVE Al e dugall LSl
Gugs dalal a1 ol ddaslss Jasaglly g Y dinka (565 Slea Gub Ge (padd b
Gl Y w3353 ¢l 83950 (5SS el Bauns sl Bpuad Ailuse (ha cam o L oSal) (S
.(Southworth, 2012) 4z s Kue
ASuss clanall mpeny b (s il e (sS Ala g8 sUAS® s g9y culillall allas
.(Louisa, 2015) bk ¢jsa 5l e sylasall cplagal) a)iYls ¥ Laidd

Gl o S ¥ oSy el 8 A @llia o S Al Calaall DA (e i
axiicy Gmnd) o LS cciludpally Gisadl ggn ) dile CBAY) aag . Ll ¢sa clillall ey

Leis ¢ inall culall 3 cellacaall 13 g Loy cans (e aSail) il ciliSall JS Jadid (g5 ellaae

% Remotely piloted Aircraft

27 Remotely piloted Aircraft System
2 Unmanned aerial vehicles

2 Unmanned Aircraft System

230



O Bl G aSatal) (gl peaial) dad il bl o 83 mllaas o) JAY) (el 5
US aumg «Jadily sl ojliie by cans (e pSall il il wlas disans (shiaing Y1 dasdll
-(Abid, 2014) b (e syilhall Lgd L clidiy Cilaes e 2 e Ohdall Cilajlis

L ghaiy Ll a9t csillal) Gl 221

200 Leall calbl (1849 diw 4 .clehilly g all sady Hbb e clyillall 5,88 il
iUy Sl L caals lla (53 8l dyas gl <l (1916 L by bl s ol
@9l & e Asjas s (SopeY) il ol cclly U5 . (Friedrich) oIS 48 (e <Y (sl
ol <1918 4 & .(Ronconi et al. 2014) 4y silh o 1l i DA e uguailly
O o3hd o3 (Kettering bug) auls Cagyaa Jbda (e 8l #3903 aias Charles kettering
J<& 5aliw) 2 ol L (Darnell, 2011) &S 80 (o ST oyela AlSa) aly ¢ SpaY) Giaal) ()8
Joseph ) uyall laysh (& culS oS jbh (e clilall o (dg¥) dsallall Cijall 858 8 u
L syl daudgs 20 e a3l DA e cinad b O 8yl Jol cuilSy ((et al. 2014
Lilah dgasall 8yillall do)anS ladey cuyskas & ¢(Villasenor, 2013) dzds 12 sad cils <1924
Jent Cnal Cus 1940 alsl b capshig ¢ Slainadl Jlaall 8 (Hewitsperry) aul Jaas il
A8l Jes3 35la Jsf <1952 du b .(Hanscom, & Bedford, 2013) leiony) cilais
con Pl gl @ (2016 galy ot () Soed) sall Fod dals culS b (e
o5 ) el Slagall ddlad ST ke g0y il Cnal s (1975-1959) oLl
Cadl b gy cbilhll LagleSs Jiy @ cagall ) lldll diag (2015 «503T
Sadl e il e e g5l el b sadieal) dpalell Glai) @3S Cum a5l s alell
Y el (ge daed) ) 8,88 Clgind) 8 Sl o(Carr, 2013) dege cile iyl (38 ST il I
e eaplly abd) Jlady dpgaaill daliually ccilailly pugaailly SleYIS duisall

lgailiady s 0 gy clyillall ¢ gt :3_1

Gleadin¥) gonl bl bl e chillall pea dady 2aly Gl allas auag arall (4
o Lgaly g oSanll dalaily (Oylls Lghioas e g (2020 (JLS W 2e) diaally duSeal
Marzocchi, ) Lieluall JLiV) e ol A8 Calgell doadi o (Sary cdaca)¥) danal) (o 2a
t SIS e (g il gl il (Say claial 138 (1a5 -(2015

1058 s Ciiiall) v/

G Opsl) Al clilhy (ol 2 (e ST Leiygs Bagall A8l (sl Al JLla (e illall
Db (s clyiliall sl (3182005 50 ol «cpjsl dlawgio cililh & 2820005 200 pibe
S5 e JB Al Bl &5 @ S 505 5 o Le Ledds zabin csll ddnia

231



Jaadl) Ao 5adlly ddluwal) o Ciuiall) v/
Onbe dausiag cdelu 24 (e JiSI5 A< 2200 Y 1500 o denill Lo 5,080 ddlad) 2
100 e iy lela 5 g J& A Jasill disaally <l 400 ) 100 a5 dele 24 ) 5
S
g ) (ol Cas Cisiualll v/
Gl plall &b canal) Bra il a9 <1000 o B ¢ U Y1 Laiiial) Hlda (g el ildal)
A 10 o ST g eyl Akl b e cllall &5 Al 105 1 Gule ¢ V) ddacgidl)
Adligl) s Cainall) v/
@l 0 e ehyill dalia Bpae Bl IS Jadiny Blsgll dalall Jlda (o il ) anii
YT dams ga Y LGS gy daall Binla o cupt ) daecs) A3 Ay Ul Y Cus g
Bl i) e 35 Y sale Ay ey (gSunll pladinl) Alasgie Sl cl il 5l Yl
sle S5 (Sayler, 2015) L Luiaall cilgall 5 Gl Sy Jy cAgall daly Loaald) Lgal<il
JoaY) auan (8 Janll Adle & @ldy ol Beae (sS85 A8 Adle @S pe g DUy
Aaliss 0S¢5 Sunl) laaidl aaall 50l bl (a3 clilall & . anyliaill Ll g dagal)
S saall Jaat 5 alS 15 el ) Wgihala g liny) Jaas Sy caall dpSie A3 Ay gl
AL Lghaade 40lKa) Jasy lae (Byokite duaglei€s cild daia Ablie (gl Gllay el 45 e
.(Sayler, 2015)
A glsisil) ailadl) s ciyialll v/
30 e il Brall can 8 f 100 e B Leiss 82 Cum Brraadly paall iUl
Jalas 2alaY) & Jaall 253l 038 aracai b S5l 55623005 150 o le g lin)) Ao abaig ¢a1S
Bpas ChulSy JloYly daedlly g lay) seal desi o (Sas cduyiaal) hbialy Sl
Dbk s @lyplhall & L (Cavoukian, 2012) 4lailly duaell clandaill 8 ol s aodin
) Bahal (oSl it (gl Jlad) 8 Jaxicdiy el (e J&T iliaia 85 Aot |
il ol adaliall &5 . (Cavoukian, 2012) ((NASA) L Al b iy ¢ goall Gl aua g
gl gl el o el cidia e bl e @l on e Laxs Y e e a2l e
.(Joseph et al. 2014) agaall Ly Jia Agha 575a] L8)5all 2alg <6 & 2g0call
A el Jaas€ jLa g il Jas :4_1
LAY ae)l Lya (e 4 Ll elldg ¢ piaf¥) el 3yl agas of Ll (s cilall Ko
Ale b 43y ala) A 3l olidY (gppeaill Gubidl) Lisall Beal) LA ardisy oy el
@3 Lgall Hguall o maall o peall DA e (2011 cplla sol) 2l A8l gl e ik

232



dalaill ) Jie lasiie Al (gngeaill Gl il 223505 WS clgiallaag has by anga
(gl ety oah Y lal i gd 13ga5 (2015 ¢aghy) Ladaiil) duad ) g LYY - Saig alady ) 45D
Sl gl Jie 8dadl) slabiall ) masall il Jloy) ) dalad) ol Lgaladiad of WS L aalilly
Gl 6 e eyl (1983 o). jlaaiV] 50d 7 sheadly Byisall e Asjilly (3ybally Calgally
Apadinl) el Cullal dimg was JiaS lgaads il S8l e plail) LgUlSa) (e JB Lgis s ks (5
Byaall il sigal e 4 (sl jans (55 .(ResOp et al. 2019) dua V) e dals
el ) sl Gola Jlasid ol ALl G L Gy bl (o 83Ul WA auy ld
s Byl A2ty Cilye gas Cay adse Culiy (Przybilla et al. 2020) osialdl o5 g i
Cus ((Zenmuse X4S) 1yulSy &l e (PPK GNSS) oy 5393 DJI Inspire 2 Ll
Y A ) ) ALYl i) mlandy Jsially cbld) Cilgas slade mhau] o adsall (g5ial
@it ¥l dsladl DLy haall) gl @psaaill Qulal pladsnls 1is Bisas (5% o adsi
Angdall gl s3siiall Cpd) sdal davana Hgea zliil e Cilily Ogialll aadiu) (Sl eladl)
aSal) e DUls adia’ 484 o ey Sl oy callall shaiall ailsall apans alas o (ge syl e
Cilahaes adgily S ol e Joatl) Glaad 1 dejse aSas Akt 23 Guill pan 3 oia)Y]

clelasy 4ul<

ladly £ dagan Bruaall Syillally Ayl Gl :_2

todils e e Hbls e 8UalL ) 3
& olall 386.15 il JIE s ol dady alla g Ly ) dasdl 2 A5V
Oz Bl Blal f ahawy 4l e iy @illy 2015 Ly 23 Al 6337 el 52yl
e Gy cdanyyal) planlly AAS) Gl 5))yll) daidall llalidl (e et Ge 2 Y bk
2ug ey o oSar clilal) sda Jlexind oY (@D balgall il dadagll Al (Aidalall 55,
s} G (g0 Y (Jlaxin¥) duady e Jgemnlly . (alasd i) dnall 5 ¢ bl aladl (saY)
e 3 (Ol Jlanias) dage L il 5 L ((alel) Canll (S8 eyl Cla ¢ DY) Jandl
sllall ailiad Gy lgasse Mlpall adlgall aseloaiy 4 ya o5 a8y (3alall) dadaal) daladl sal (lls
by GBSy dagall palad) sload & e lalsall il Akl A (o lgiadys 8yl
& Aadlpal) o Jyaall 25 o Guegand 336 o (e dlaal) 220 . lgia sally dagal) Canlia
dumiagall dpaill bl cJabie e gigg e W s (A colud) (A Gl ) dilee S
29 -(45 &) 8y5.all) DJI Phantom 4 Pro ggi (e 8auall 8yl alaie) 23 alally ¢ ) uaga
OSarg 4K By goad Ll e 56 . JuaSilane 20 4y Sl plhias B2gie haalSer aii

233



72 ) deai of oK Wie g oF @ A0 & (L)) Bye 14 ey Aagline jsea Lalil) 5yilall
e Galaill e 5)08 Lgd djlay <ldg . 10M/S ssan ) ~ L)l Aoy alis Ll ) i) .km/h
4_\;)1;5\ 5,S1AlL uLL.MS\ dg;.' g e ‘_,J\ aal) . ef. 1375 Jls= Lg.aw PN 30 O _)-\S\ ‘_,J\

Ufm D?JI ‘F‘;lantom 4 Pro e ds) 45 @QJH@;AT\V i
2021 dand 17 ¢ dae 1 j2mdl
22 iy ¢lead) e lhy de Clhlaeall Jilatg dadal) (gl (A Jand) a5 Al dls )
.Agisoft Photoscan 4 Pix4Dmapper disay slaicl doleal)

Mlally £300) (o Braanall Syillally Asnidagall dymaliil) dypatl) (uld Ak 112

10 37 G d3al) el Sl (0 Bysuadl 85lally yypucill dcd) o Jpumal) an,
laaass 5 38 (93 a3y JSal) alse A6 HLaa) 52021 Jud 18 ) 13 (a5 <2020 i
Qo Zippall Ul Al ) Gyl 5 L e elsal 038 Lol 5 285 (86 o8 JSA) Wil
(16515 8y jsually 5 o8y JSAY) panall 223 (3l Lok J5Y)

234



Ashosen Colylin H 20 (3 phal) (3 5a0908) salall ilgy &35 Ul pisns o0 Bt Bualiaslly kel e

715 720
—1 !

\"7\
s W
'9‘“‘\' syl dalusall D
- QN B
g lall 35 g 2gan memmeeanns

3 A5 pass 3gm —

415

aylally £33 (pudagas sj;un Bildally Ayl (bl ablga 193 8 JSi) b
Syseall 85UaIL 2021 Japdd 17 (sl 1/50000 ajally iy slil L gulal) Ll @ jacadl)
Pl dabyall e g pall &5 ¢ lda G 5ilally A pail) (bl Caad gslily adlgall aaal asy
(46 23y 5sall) spcall 35Ul )y Sl )Yl e duxa e daiig cildle aai 1Y
dgaage 1S il sl 3 balaeY ((RTK) Gay allad) pinsail Sleas lealds

s

2021 d:i).ai 17 c‘éj\d_.yx Jee 1 Hdadll

235



Al e SHllg Anial) g Bl Sagad dan 1 ohalally L) degall il Ll
s lal) Syl wans (dug ASH dagl ol ¢ S5 Cila) oSl Glgs dumay dgaly DA e i cayillall
(47 &) sall) L) clalacYls (Jaall i

Integrated profile lines
3DSU|'VGy | with cross sections

Drone take off checklist | Phantom 4 Advanced Camera

cHeEEEE&EE |

F —
U111 =) o -
— |
\ — o * )
\ l | %
N U ) o
" = N
POLYGON GRID DOUBLE GRID CIRCULAR FREE FLIGHT
For 2D maps For 20 maps For 3D medeis For single 30 model Advanced users

Chahall Shbdyg e oo aSadl duaay dgaly 147 ad) §gall

2021 dand 17 ¢ dae 1 j2mdl

a6l ddanydg 2l A0 ASE Ge Blie oay cliniag eed llia ¢ghalal) LAl dull,

Saill Ga ol e Bl ¥y bl DI #3sat & op Mal) Bareie alad) Ll aladY)
g 4

Ancsa Ayl Jlaad) Solas o Gimg Gan Slaall sy g cale a0 (bl dlaa G

5peall) Loy zoamall 3gaall b (XU calalaa¥) Cuiatl Ghalal) 3ilse pnen g N Sslat o cansg
(48 &

236



Il @) cps 12 Qi o.oms 0.0 m/s 0.0m 100 % [O]
: U R o N 3
N ¢

Olphall dad dlae) cay (8 aSall) duaay dgaly 48 ad) 5y guall
2021 ol 17 ¢ e dae 1 jaadll

%30 (o S Linidia IS 1) dpladl Iy 8yakall Alayl) g sledia caag ccillabaa) s la,
ol dilaia Jaug g DY) Adaks (5S5 of Qe (g i o(ABALY Bagal) Adadag Jaad ang

) ilall Jalailly ale1 Jabal Jasm g ¢ Dael€) dugly s sdlal) colalac) s Ll
Aaa3 Gy G (Al g alay oSy %90 L) A8l Alle Aadadll Jaed (Sasg (%70 oo Jas Vi
Lgadliy L A dejully b Gl ¢ oaa) anl Mgl e lagae gl depu

oY) sl L) a cale JSa L a ) pdasll ol e puagll e DualSl) Jsrdis pudag o
Aagall jem el (B e (Bpeall Ui (a8 die g (8)9em Ll vie §yiUall a g ¢ aY) aiagll b
dage gt Bygeal) Ji oo vie oS8 Ghahall ol Hgaa 3l Ll cayall aagll & L
 agaail

Juay) ddaii Jalas il (e Sy ¢ Aaal) aalall Gy ) Oslll Ol Jaaad S
Y oSly @Y ddais 8 GleY) pand dalail cilalae) isi Al o e sl e Al Y
(49 &) 5sall) pebdll dilaie She oo e 150 oo ST aes cilS 13 & 38Y) syl ooy

237



o @ we 14 Qud 5.9 mys 0.0 m/s 99.9m 45 % [O]

®)

® mapbox Cancel Mission

B cages i i) sl e e 149 8 53
2021 ol 17 ¢ e dae 1 jaadll
O Brgeall G g (49 o8y sypeall) Ohahal) e (Sa pandll Dilee s loa) aa
Ay (Aids 20 Jlos dagall Sy & ¢ faw 3 (e B dujual) A8y U 25 dagall daline
oo 2 B o &3 220 dual (e Bygem 121 ddaalll sda b cdal Cus peall gl saall
Al 5 6 depully ¢ i 100 ¢ U1 3 ¢ Byall Jledd) olad) 8 ¢ e 304 2 aSsal) Sles
S gl peall ity cdla )l g gy 2
lally $3) aagas Bpauall BAUlL Ayl (ubid il cilidaea Julaty dadei :2_2
z a5l zhaauls Lehdas Caagy aaly Cile (b lgnany ppeall 2@ i ¢ Sl dasll o elgmY) 2ay
liss laaad 5 Alle 38y saaly ysem M ABLaYl cdobit Ta ) Lebgas o) cclelind o))
Jale ED& )5 Agisoft Photoscan g Pix4Dmapper cilsay cadagi o3 capll 13gl
Vb S5 Jaball Gais O sl g Alls ae JBad) 138 6 Jalas Cisun (94 28, IS
& Ganilly il ) Jgeasl) (o ST Apmayal) Jlexicd 4a€ #5d 8 Laliedl el 138y . gAY
dag yhaal) BNCEY) daled Lulidd) Slal@Y) ) Jgensl) My lebias

238



AN 4 X 3 TEm

Statut des résultats ? x
1 Traitement initial 2 Nuage de points et mailla/.. @ > MNS, orthophoto et indices>
Rapport de qualité [Nuage de points densifié: LAS - ]
Paramétres internes et externes de la caméra, AAT, BBA [Maillage 3D texturé: FBX, OB] - ] [Raster MNS - }
[Raster MNT - ]
[Cnurbes de niveau: SHP - }
[Orﬁmpmto - }
Avancé Fermer Aide
¥ Traitement
1. Traitement initial 2. Nuage de points et maillage 3. MNS, arthophoto et indices
En cours : - Group groupl, cluster 1/2 : generating 1000000 points 6%
Total : 2. I 3. 0/18
Statut des résultats... Démarrer Annuler Aide
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023 (60 &) @aldl) daball oda o deate jofny Wje 1o 5Sig cAumayel) Ladill Cres Ll jaa
g L 13) Basly dege dallad el 24 (e ST ) ey 38 Uy aals Jabyall oda of ) 55LaY!
cldarall Hal) anall hlas el e 550€ Al 32h 4 LS 50l lacgia lea

=UENEON e [RVPENGY N PRI 11 JFCR PO P SVON YR IS SN - BN PONPR- FROR A T oS
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Ay dath age 58 Lo 32T aa ¢yl Jolal Dykas el Gages Alla (g yecitinng il jiall 020 o0
zisadl) daydad) bl sa AV 8 Lagy e wdimsdll Cagasy alaidadly ) S plall i oY
(Bl Lladly a8yl

A5 ) el B ly 58 LS poyial g dale Cilaglaas olsie Yl

gasdally dagall 8 Cilagina A8l 145 oB) Jgaal)

Project saheb el ghazel 9 Dec 2020

Processed 2021-04-20 21:46:49

Camera Model Name(s) FC6310_8.8_5472x3648 (RGB)

Average Ground Sampling Distance (GSD) 2.71cm/1.07 in

Area Covered 0.151 km? / 15.0973 ha / 0.06 sqg. mi. / 37.3256 acres
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(46 a3y Jsaall) 5asall pand iy IS Sl LS Lo paall slasall daliall & gl
A g Alls cdgall Bagadl (aad :46 ad) Jgand)

@ Images median of 61127 keypoints per image o

@ Dataset 265 out of 265 images calibrated (100%), all images enabled 0
Can)er_a _ 4.28% relative difference between initial and optimized internal camera o
Optimization parameters

@ Matching median of 38238.7 matches per calibrated image 0

{2} Georeferencing yes, 5 GCPs (5 3D), mean RMS error = 0.025 m 0

A ranall Jseall 2o )yl 4l ¢ i) dacay g3 B3sall Gand Jorn DA (e i

ST OB g Al 3 Ve daiill S Gl ¢ty Banlsll Byguall (e A dinal) Jail] Janssia
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5 gl O (MNE) alil) pedaaadl (b ) 3 pally dsanal) dusad) 5 geall 195 ab; il

Pix4Dmapper daay Glajia ) @ jaadl

30 Modeéle Numérique d'Elevation
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JIR g Alls A (& dlarial) (el Al 196 o3 JSA
Pix4Dmapper dusay Clajie i 1 jiad)
GV Ly (el Cgan e daga 8 aaie) (52 Hlaall (g ¢hulal) Adad S5 (he
Jalal) daws s o) camo 5L LAilally AleY) Jalal) L s Al §jgeal) i
Kasser, & ) caws &)l dypgeall daliall 5 (Gadd)ll dialisall Ligall Hguall duaills %70
-(Egels, 2002
Ly colanall (3 lanaaad o dpeape Lol Laaliad iy o(slestadll) Hseall aay e 2o
Aald dhaall omaill gy oy Lolaal 038 L Lgiy b oSatll ((RTK) 3oty callall guagal) ol
axage b 5 alael S ol Gaga Alla (DA g LJIKEY) 020 o s Cangl) (IS 13

Lo ) aSal) Jali aladials geal) sl Uad (iald 147 a8 Jgaal)
Accuracy XY/Z Error X Error Y Error Z Projection Error

GCP Name [m] [m] (m] [m] [pixel] Verified/Marked
p.6 (3D) 0.020/ 0.020 -0.053 -0.001 -0.046 1.202 10/ 10
st.3ref.1 (3D) 0.020/ 0.020 -0.001 0.005 -0.029 0.477 15/15
st.4ref.1 (3D) 0.020/ 0.020 -0.008 -0.003 0.034 0.470 15/15

p.4 (3D) 0.020/ 0.020 0.017 -0.016 -0.004 0.807 19/19

p.7 (3D) 0.020/ 0.020 0.040 0.020 0.037 0.477 8/8

Mean [m] -0.001107 0.000850 -0.001573

Sigma [m] 0.030815 0.011649 0.032986

RMS Error

[m] 0.030835 0.011680 0.033023
oo 4 3 Y i) e b Ladd) Gials of saiall i) Uad el dsas e i
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K20 |P20s| (1/5) | pHea |C3C€03|CaC03 ) o | C | Branulometrie |, condeur
ppm |ppm|dS/ma |(1/2,5) actif | Total (%) o (cm)
S/ma | (/29| (o) | (o) @) |s L |a

781,20(9,94 0,14 8,9 15,1 122,73 |1,22|0,71|35,8|43,2| 21]0-20

217,9612,930,12 8,86 16,7 126,42 |1,15|0,67|32,3(48,3[19,4|20 - 45/50

98,50 12,93]0,11 9,19 21,7 145,60 |0,89/0,52|27,2|51,5]/21,3]|50-110

L’étude d’aménagement d’un nouveau périmétre d’irrigation d’environ 1 000 ha dans : jyadll

la plaine de Tafrata, province de Taourirt. (Etude de reconnaissance des sols) phase I.

¢Sl #5050 :CACO3 goans c(ggume 1538 :Corg Aigiac g tMO (Jloy :S ¢ aba il cphatA didd yalie :EG
cpsaliodl :K20 ¢ shusil) 1Sl :P205 ¢5/1 slaallfdsill L b 4l Sl &lasall :(5/1) CE

s Al e Asiia LY Ayl 8y pealls cuady A lagles Ll ols dsaall DA (e
agil) a85ll) DA (e g - lSluas Gy Aula) Slisiue Go Blie Ay i Bhlie Lol
b Uaia Cun gheadl) 2T Y] e A5 S ¢ aal) an i D) pailad o (sl
Ganl) oladl 3 Lgiaes 235 3 o andl€l) i g)lS pgana (uSe < Banll ol

ey aras) AdA palic g ais 90 ¢ 7,5 YR 4/6 (o @13 480 12 20 1) 0 e
Daale Dl s e (G5B easlen Jalds Lellany LS ALE e dyguanll 82l (%015 ) 2 Aoty
(grumeleuse) duhlag duss il . 385 (goabs ) (gabs lemans . Ciuglaty 281535 (cOprolites)
JU) Ag8all jodall e waell lgy davsy Ada dafi g8 ULy 8508 dualisay las dage Cile)id ae
ey Bad e B Aug oag pliiie iy Sadie

avan) Ldd yualie @y sk gen 7,5 YR 5/6 oo <l i< 50/45 A 20
g g bagio aslgn Jalds Lgllany L CaSSHALE je Liguanll Balal (%15 ) 2 Aoty (eang
dage Clehi pa dohals Al . (380 (gpaba ) (goade Lgmonss aBlsll (ansy Caglaty ¢« paata Sl
BAE A Ay .zilag aliiie yeg Sadie JU (ARBd Heda lgy dag Ade Lofi gb Nl cdualosag
ey Bl e
as 110 = 50

Salall L (15 ) 2 ooty arems) d3da jualic Cildy s (g9 7,5 YR 5/4 o5l @il 3Sus
L Al L 383 (ggada () (ggala gt . Clpnia oaslon Dol Lgllany . 2aSHALGE 8 dygucanl)
Al Hedall (ans lgy aagy L Adligl AL gd Gy (ALl daaliay ile)jd ae dikalag

S0 el cJlalially el e &S Al 538 Gl gl o3 ks el o
(61 &3y 5yguall) L cayilly Corall Jumd P (ald (< By
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L’étude d’aménagement d’un nouveau périmétre d’irrigation 52021 g 11 as ¢ Slae Jdeet sradll

d’environ 1 000 ha dans la plaine de Tafrata, province de Taourirt. (Etude de reconnaissance des sols)

phase Il.

Gle il pan Ao (goabs dusill 038 ot o 53 a8y Joaalls 60 a8 5yseall DA (e ek
ool ol il Cusen AL dadiye QS duns o & L G Sl

Groupe des Rendzines 4xilu ) dpulsl) 4, ) 4 gaa 1

8534 a8y Jeaall dainge o LS lilady 5uamg ((Xérorendzines) dilal) of dudaall oLyl

- 10 (3 d9an

CE Yoduus gl
K20 | P205 éls//f% pHeau C:Et?f CT"";:tgl?’ MO | Corg. Bosl!
ppm ppm 3 (1/2,5) (%) (%) (%) (%) Jo,Jl k| olll|  (cm)
25°C
377,24(10,09 0,12 8,75 8,7 18,98 | 1,50 55,73 | 34,63 |9,64 10/(1)5_

L’étude d’aménagement d’un nouveau périmetre d’irrigation d’environ 1 000 ha dans : il

la plaine de Tafrata, province de Taourirt. (Etude de reconnaissance des sols) phase Il.

Lo @9aba Lemanss il 02 ¢ Jyanll DS G i

ClSlaally oyl Qady Adlate danl) Sligicen Ge Blac g Lualiaghygall w1l gy oo @dlgll b STy LpirandS Do o il Coun 3
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30 dawiy 1dlay eany avan) dadd paalic g ad 0 7,5 YR 3/4 (5l @l i<
(Spaaie Ligune Lk 3sm9 g (958 oaslan Bl lgllany . CRESWALE e Ligaanll 52l (750 )
doga Clehi aa (grumeleuse) dbalag duse Ll L Loy (ggeba lgaoud Lciuglaty aBlg8 Bacy
(Teay aliiie ye JUE) ARAall Hodall e ddell Ly ang (AALEGN AL g8 ULy (80 daclsas
Aage dag ASiamg Angaie Ll dalia (o ydaa Jogis Glal bl sda gl rlacd) o

(61 a8y Byseall ). lsually cu3iylolly daliaall alas Jias Lil LS cdaa alga

Ada) ) S (Al ydad) dailst) Lﬂt :61 ?BJ 8y gall
L’étude d’aménagement d’un nouveau périmetre d’irrigation d’environ 1 000 ha dans la : jaall

plaine de Tafrata, province de Taourirt. (Etude de reconnaissance des sols) phase II.

panll) Ludall palial) Lus Jua of (Kas o(Lushall s adaall Llel) A0l (551 e

(Rl Jlaylly alall) ARBal) jusliall Bl o Loy —(g5ala Ll 028 graesi %50 ) (emnlly
ey JSa dugey Aads] <3 dakaia L)

Classe des sols Isohumiques 4dLad) @m i:2 2 2

(complexe aade Sy ld Al Sl ga il lghiay cdlbacd) 3 4isil) a8 Cabuad

LUy b dac il Lgic ganay oUSH Aalban il degane (o paa® LIl Al csature)
Lgailad 55 &) Jsaall s 'dgase
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CE Granulométrie
K20 P205| (1/5) | pHeau |C3€03| €aCO3 | yq | C 3ol
ppm ppm | dS/ma | (1/2,5) actif | Total (%) | 99| g L A (cm)
25°C ! (0/0) (0/0) (0/0)
701,55]9,04 0,13 8,84 | 10,7 | 24,82 11,08 |0,63 [19,5 |61,8 [18,7 | 0 - 25/30
104,475,16 0,19 8,62 | 10,2 | 22,11 /0,82 |0,48 |53,8 |34,4 |11,8 25/320‘

144,29 14,72 0,29 8,48 12,7 25,09 |1,26 (0,73 |17,9 |62,4 |19,7 60 - 85

78,59|5,76 0,22 8,79 14,8 23,33 |0,86 | 0,5 (13,6 |75,4 |11 85 - 130

L’étude d’aménagement d’un nouveau périmetre d’irrigation d’environ 1 000 ha dans la plaine : jyaall

de Tafrata, province de Taourirt. (Etude de reconnaissance des sols) phase II.

Balall LAidA jealie (pug aly (s 7,5 YR 3/4 o) @l 04<us o 30/25 I 0
Silaal (e aally ¢ aalie Sl dgng e G5B oaslen bl Lellasy | LgElaS) (Ko alSIL dguanl)
Gl ae sala 4y (POlyEdrigue) as¥) saaaie Al . (383 (gpals I (gpala Lgmauat . Cuglailly
pliiie g Sadie JU (ARAA Hodall (e all gy ang (Lenile ) Adag (80K daalisng daga
ey gl e 55 Ay 4

Balall Ldadd jalic ey a9 ¢7,5 YR 4/4 o5l 3 a8 10 60 ) 30/25 (1
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cplile g jadie JU) cdRdall Hedall e daall

salall Ldsda yualie (eng &y e 7,5 YR 5[4 (sl iy dSus taw 85 L) 60 (1
(ilaaly Ciglats chaatia Ll dgag) Jaugie oaslen ol lellan oSl ALE ye Liganl)
oan L g (Aday BuS dslueg dage Dlehi e duae Al L 38 (aka () (el Lgas
Aadal giall

Balal) Ldada yualie (e ado O 7,5 YR 5/4 (gl @ild dSua taw 130 ) 85 e
L il (ymasg (Chiglat d9ag pe Cliaia aglon Lol Lellany . CadSl ALE je dsuaal)
oo L aag e Ll dday (8 daclusey ALB e ae dplals L) L (38 (ggala ) (g5l
(62 3y 5ypall).Aadal) 3al)
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L’étude d’aménagement d’un nouveau périmétre d’irrigation d’environ 1 000 ha dans : vl

la plaine de Tafrata, province de Taourirt. (Etude de reconnaissance des sols) phase |.
I Bgumy ST Lgily ¢ el (he A3 diylae 8,38 Blal D) oda el cpdacdl o
.58l A=~‘.«\.L..“ 8ylars & Loy ilSeaal) Zaan ‘?_0. Sk Aoyl oda s calaall lypd DA als
Gigeal) del)y dabaia g - (Dlicad) i) dihie 8 bl J€8 LUSA ddboud) GLAD aag
(ol el
Classe des sols Peu Evolués ghil) daumal) 4yl 436 :3_2 2
Saaiiy Asall el il degana coay ¢ sl A Gl e Al oda e
56 &) Jsaall mage 9o LS lguailiady
oobll Adusdal) Al pailad 156 ab) Jgand)

K20 |P20s (1C/%) pHeay | €3C03 | CaC0s | yq 1 C Sranulometrie Bos)
3 actif | Total | ,, org.
ppm ppm dgéTCa (1/215) (0/0) (0/0) ( /0) (0/0) S L A (cm)
522,36 (8,60 |0,33/2,14|8,67 15,1 19,35 |1,42 /0,83 |45,2 |40,7 |14,1|0 - 20
104,47 (2,93 |0,12 8,85 12,7 19,47 1,11 /0,65 |41,6 |44,1|14,3|20-70
118,41 (2,93 0,20 8,8 20,7 20,69 |1,15|0,67 |16,8 |61,2 22|70 - 100
84,56 |3,52 (0,24 8,86 16,2 25,44 (1,38 |0,8 |9,2 |75,3|15,5/100 - 150

L’étude d’aménagement d’un nouveau périmetre d’irrigation d’environ 1 000 ha dans : il

la plaine de Tafrata, province de Taourirt. (Etude de reconnaissance des sols) phase |II.

o) Gl (ailad uS an ) 4ai Ay el dbaal) il ailad Jsaall G
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L’étude d’aménagement d’un nouveau périmétre d’irrigation d’environ 1 000 ha dans : jradll

la plaine de Tafrata, province de Taourirt. (Etude de reconnaissance des sols) phase II.
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salallg

bda aigi Adyra sp (o7 lyg gy Bay clliled) LAl Gllaedll duly (e Caagl
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