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• GENERAL INTRODUCTION 

This paper is a result of the research \vork carried out caring the Hoanib Riwr Catchment Stcd: 

(HRCS) which began in 1998. Tne HRCS focuse·= on appropriate '::-asic socio-econor.:ic. 

biophysical and policy research or. .em ironmental issues important for sustainable use ar1d 

de\ elopment of natural resources ir: rhe Hoanib River .:atchment. The i::,esti~ation exarnir:.::d 

present methods of lands and associared li,ing conditior...s and highlighted f:vtemial alternj ti, e:: ro 

existing demands and expectations. Potemial conflicts ::: the area revo lve c..:-o unJ the dynamic.:: vf 

different discours~s and include: es:alating, uncontrc ] ed tourism; incre:;sing aspirations 2:1d 

expectations of 10cal residents ofte::: based upon popL~ar misinformatior: . ime:-actions bet\\ ~n 

and among Non Government Organ:sations (NGOs). G:::vemment Ministries. and local people of 

diffe rent language groups: limited w:=rer a' ailability anc .1 relatively fragile environment. 

Th is study has been a collabora::" e effo rt betwee:: relevant Gover..:nent Mini stries ~~d 

Departments as well as local NGO~. The communities of the Hoanib R:' er catchment are an 

integral part of the project, as a coii::.!Jorarive process h.=..s been used to ide:-:tify problems, coLect 

data and disseminate results . 

. -\s a result of the HRCS, four occ2Sionai papers have been published t:~- the Desert Rese::..:-.:h 

Foundation (DRF'-i). These papers .::Jver the general r.:pics of soil , water. fauna. and vegetar:on 

in the Hoanib cat.::!lment, and are avd able for purchase :hrough the DRF~ :ibrary. 
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Erosion Studies and Sediment A.nalvsis 

ABSTR<\CT 

The eros ion cf topsoil frcm rur:1l areas is :; significant factcr in limiting agr;culturJI 

producticn as well as lead in; to bnd degradatic :t. Research was c2rried out during th :s stuc: 

to quanr:f: the amo unt of ~edirnent moveme:::r within the Ho~1ib River catchm.:::1t areJ 

through c.'1e CO i~1 bined effecG of\\ ind and water .!rosicn. 

Ex.perime:nal techniques are desc~ibed and de:-:ciencies of varioLS measurement tec ::niques 

are discl!Ssed. Several oft!-:~ experiments were inconclusive due:::> wildlife. domest:: sroci..;. 

human inerfe~ence or poor ~esearch design. T-:e results obtainec from suspended s.=.J ime :; t 

analysis ~nd chJ.racterisatior: of er2sion types are presented. 

The amc Jnt and type of su:::;-endei sediment c2...1ied by 6 fl ood e'- ~nts during the J9L. 'l-: 0C't) 

wet seascn var:ed between : .5-+ re 31.27g/L. ~e suspended sed i:-:J.ent contained on .='>era~e 

1-+.06% .:.1rbon (organic) ccnpounds and 85.9..:.)/o inorganic comf>Junds . In additior_ it \\as 

possible :o quantify the r::--e of erosion occu:::-ing across the c~chment by using .1 rap id 

appraisa: techr:ique along ~:.xed ~ansect lines. The results sho\• ~d that sheet eros::::n \\as 

observec :n -o: o of all sites. '+\ hi le gully and v. :::1d erosion were oherved in 50% anc .:5% 2f 

all sites. :-espe::::ively. 

KEY RESEARCH QrESTIOl\'S 

Erosion ~"ld seiiment studies were undertaken i::. the Hoanib River :atchment area to exam ine 

the follo'.;ing research quesc:ons: 

(a) HO\\ :nud: sediment is :arriei. either in a :::uspended form or swept along the r'-. e:-be::s 

duri r: z tlocd events? 

(b) Wha: are tile different ::'::: r:ms )[erosion oc.:urring across the :atchment and wk: is rt: e 

ex.te:-.: of rr.e erosion? 

(c) Is the amount of erosior: occ urring across t!-:e catchment const2...1t. or are some are::s more 

subjC":t to e:-osion than c:ners ' 
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SECTIO}; I 

BACKGROu~D 

Erosion affects more than 70% of SoLthern .-\frica's sur:1ce area and it h2..5 an immense 

irr:pact on both local .md regional level. It is generally reg2...--ded as the most w:despread of all 

enironmental proble:ns (HotTman et al. 1999). It is estiiT..3ted that human ac:ivities such as 

a~iculture. fmestry . .:onstruction and btd clearing have, :::- date. degraded a:;pro\. imately 2 

0(0 million ha acros3 the \\or! d. A little over half of this d~gradation is as a result cf human

ir: .iuced \Vater erosic:: and a third of it is jue to wind erosic:: (IRI\t 2000: GCUO. :oOO). 

E.-.;.act rates of erosi -:n are virtually irr:possible to measu.:-e ac.:urately and estimations are 

regarded as of little use (Hoffman et ~!.. 1999; Moore. 1988: Moon and ;)ard is . 1988). 

A.:.::ording to Hoffm~., et al. ( 1999), wh: :e erosion is consicered not 'severe en ::-ugh ~o destroy 

a .: oumr: ... its envirc!lmental. agricultur-31 and economic cc::sequences are cer.2inly important 

e:-:ough to warrant de:ailed and thorougi: analysis'. 

T~ree broad categores of soil degradat: 2n ha\e been desc::-:i:Jed in Southern A::Tica. includ ing 

e~ :-s ive and non-ero5:w forms (Hoffmar: et al.. I 999). 

E:- Js ive fo rm s incluce: 

(c • 

(C. 

Fluvial (ware:-) erosion -

Eolian (wine 1 erosion 

;-..; ::> n-Eros ive forms [::elude: 

sheet and rill, gull~- and donga 

loss of topsoil , de~-:3.tion hollows & dL::Jes and 

overb iowing 

(~ • Salinisarion. J.cidification, wate:- logging, pollution. soil mi nin g and cc:-:-~pac:ion and 

crusting. 

T:1.e flu vial process i::1 shaping the sedirr:entology of epherr:eral rivers is we ll r·e::orded (Picard 

a::d High. I 973: Ba:..:er et al., I 988; Gr.:f I 988; Warner, ~ :;88: Jacobson er c.· . 2000a). The 

f :-od events in the westerly flowing e?hemeral ri vers c~- north-western N~-nibia are both 

e::- isodic and aggrautiona l. The sand-~:10ked beds of the tributary ri ve rs fe-;::ding the main 

c:-:anne l tend to wide:1 as a result of suc::t episodes. This c:::uses the typical st;:-;:p \a lley sides 

c:- vertical erosion :'vtoore. 1988; Mc{)n and Dardis, l :88). Studies ha'- e asc~ibed the 

a:;gradarion occ urrir.s in these environr:ents as a resu lt of 'l igh l:- vari able raic-all nnd itions. 

less and destruction Jf natural vegetatic:1. ag::cultural and ~oresrry practices a..-:d so1i loss as a 

.., 
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Erosion S."Udies and Sediment Anah·sis 

result c { hunun-ipd uced fa,:tors ~ :'v!oon and 03fdis. 1988). 
I 

Ephem<eral ri\ er fl ood eve;,rs net only cause erosion or denuding of 5oil in an area. but also 

impact on the ecology of :he linear oasis, p:vviding essential -;;.ater for the coming se:J.son 

(Jacobs-on ei ,;/, 1995; Hcffma:1 er al. , 199<:=- L In addition, flc-::>d e\ents tr::lllsport essential 

nutrier.:s. soi l. organic mar:er ad seeds (Warj and .-\umen, 198.-::: Jac:' bson el al.. 1999). As 

one are-.:1 is ar·rected by sue., a kss. others dc ·.;.·nstre:J.m may ben;:fit \\ :th sed iment deposition 

thus ir. turn enriching the soil. of providi ng :ood and habitats ~-:-r srr:.:1ll animals. as \\e ll as 

playin:; an important role in ri~arian forest ~ology (Jacobson ::r ai . 1995; Ab rams er al.. 

1997). Withi n catchmenG. ri,e:-s draining i::to a ·tloodplain' =:nircnment. like that of the 

Hoanii:. are :J.!ways potem:al are:J.s of high d;:?osition (Vogel. I :89: .l Jcobson et ai . 201)0a). 

These em iron ments are r::.nrie:-,t-rich (inorg2nic and organic) ~'1d !=' rovide relatively fe:-tile 

so ils tc promote the gro\\:.., of \egetation, \\ ::Oich would othef\\ ~ se ncr be feasible in the Jrid 

Pro-1'-i~mib. 

\Vithir: a hig C, Iy variable ~infa : : environmec_ such as the Hoar::o Ri\ er catchment. a greJter 

unders:-..anding of erosiona: e\e:-.ts is requirec in order to assess ·.-.he~ r. er or not sed imenrs are 

being :-:1oved \Vi thin . or Ios em:~ely from, the system (MWTC, : :l99 L 

Sedirr.ent. in particu lar s;:sper:ded sedimem carried by flood ='>ents. is comprised of bo th 

organi.: and inorgan ic pa..r:ic le5 of various s:.zes. The major c:.3.5ses of sediments. from the 

larges: ro the smallest size frac::ons are indic3:ed in Table I bel c.-.. 

Table 1: Sediment classifications (after Friedman et al. , 199: 

Class Size (mm) Approx. 5-.:ze 

Boulders >256 Volleybai: 

Cobbles >64 Tennis b<L : 

P~bbles >2 >Match hC..ld 
---
Sand 

V. Coarse 1.5 

Medium 0.375 

V. Fine 0.094 
--

Silt 

V. Coarse 0. 047 

Med ium 0.0117 No longe~ " is ic.~ 

V. Fine 0.0049 

3 
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S:::CTIO"i I 

+ [ Clay 1 o.~Ol95 

Sdimcnts have bee:~ classified into f::ur broad categories according to the :r or;gin with 

re- ;ation to the bas i:-1 of water in wh :::h they are depos:ted: extrabasi nal. ::arb~' naceous. 

p:-roclastic and intra::-asinal (Friedman c:: al.. 1992). 

E.xtrabasinal (terrigenous) particles 

Terrigenous particle~ have been eroded :Tom the land outsice the body of wate:- \\ithin which 

t::e deposition is tak :ng pl::lce. Most terigenous part icles ::-·rig inate from bed~ock . Particles 

:l.:"e detached ei ther by \\ eathering, \\ ::Jd and water eros : Jn. or catastrophic mass-wasting 

( 3.ndslides and glac :a! activity) . Dur:~g this process. par:icles either retain the ir chemical 

cake-up or become .:hemically altered :o clays and iron o:'Cdes (Friedman et.::! .. I 0 92). The 

Eoanib River sedim;ents are predomina..-..rly terrigenous in o::gin. 

C arbonaceous particles 

~ese particles are uganic in nature a::.:i are derived from either solid carbonc.ceocs material 

1.:oal. amber, wax a..;d kerogen) rewor;..ed from other geolc gicai format ions. er frcm modem 

f: !ant detritus (Fr ied:-:1an er al., 1992). 

Pyroclastic particles 

-=nese particles are jerived during the explosive action of 3. \Olcano. Parric :es in.:lude rock 

:=:-agments,single c~- stals and fragmen:::: of\ olcanic glass ( ~ riedman et al.. 19c:). 

Intrabasinal particles 

~hese particles grc·., biochemically o::- chemically in the waters within whic:, de:Josition is 

:J.king place. The:- include carbonate biocrystals, silica 'J iocr:·stals, particles ccmposed of 

::vaporite minerals and minerals the.: grow at the warer/se::iiment interfc...::e. Carbonate 

::-iocrystals are sec:-e~ed by marine or?Tiisms such as for..JTiinifers and molbscs. Sediment 

~··J rm s when these .:alcium carbonate ~kele~o ns are broke:: do\vn phys ical!; .J r b•,) logicall y 

~iatoms. sponges and dinotlagel la:::s form silica bic·cr:si:als . Diatorr:s ar~ primar; 

.: ontrioutors to siliceous intrabas inal s~diment in seawate:- and fresh water ( :=-riec:nan et al.. 

4 



., 

Erosion St:.tdies ,md Sediment Anahsis 

1992). 

Sedime:Jts imroduced intc surfJ.ce water are either deposited :m the bed of the me:- or 

suspenced in the water cob mn ,suspended lead). The ' bed loac · seciments consi s: of l:lrge 

particle:; that move by bocnc ing along the b:::rrom. Generally. ;:he s ~spended loac in l0tic 

(flo,,in~ l \\Jter consists o ~- gra:ns less than 0.5mm in diameter 1 ~unre and Leopo;d_ lo-3). 

A ware~ bod: ·s suspended loa.= is a compone:-:t of the total turb i :iity :;,at is made c :- of ~ ~~rh 

inorgan:.:: and organic com::>one:--.rs. 

In the t'-'- ehe major wester:; tlC\\ing epheme:--::.1 ri\e rs ofnorthv .. e·sterr: '-!amibia, inc :-.Jdi ng the 

Hoanib Ri' e,. both the su:;?en.=d loads and :.:,e bd load are c:l'-ied .:. r high veloci::es ir the 

period i..: tlocdwater event:; The volume of t!-: ese u:msported sec: men:s depends pr::-:1ari 1:- on 

the flO \'. \e lc..: ity of flood\'· 3.te:-s . The higher :.1e tl0od's fl ow ve: xir:. the larger the- part ..-:les 

that car: be CJ.rried by the -.vate' Any sedimc::1I transported by \'· ater :s subject to cepos::ion 

as flo,\ ve!c..:ity decrease:; (\kCabe and Sa..-:drecw. 1985; Grc.~~ 19SS; Baker e£ :J . 1° 88: 

Jacobs..:: :1 e£ _;/ .. 1995; and : acocson et al., 20( ·}a) . 
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SECTT·'Jl\i I 

INTRODU:CTION 

HO.-\.SIB RIVER CATCH:'. lENT STUDY (HRCS) AREA 

The f-: ,xl!lib River catchnent :s one of t\\e!·. e major ephemer2. . rivc catchmenrs ::.1at c ~cupy 

the se :n i-arid areas of ncnhwestern Namib i::.. All twelve river·~ flo,, into the At l~'ltic Ocean 

or enc in the Namib Sane Sea. The Hoanib ::Ziver originates in :he ''estern edge c ~- rhe :: rosha 

l\iatic::-.al Park (ENP). flc·.~,ing through comner(: ial and comml!:-Ja! farming areas :::._ld. r. ear its 

mour:-.. tra\ erses the prctectd Skeleton C :ast Park (SCP). The Hoanib Rive:- catc: '~ ment 

occ u::: :es :ln area of 17 : JO k:-:1:. 3% of \\r. :(:h li es in private ~-3.rm lands. 91 % ir. :on~~unal 

farm 1nds. and 6% is 1=:-otec:ed in both tl:~ Etcsha National ?ark .1nd Skeleton :::-oas: Park 

(J aco::-son -!!al . 1995). 

The f-:oan ;b River consr:-:ures ~he boundar: ] ers een the forme:- Damaraland and -'.ac·k_) land . 

Since lnde:.endence in :990. these two ar~.:::.s have been incc 0JOrated into the :~ :me:-:e and 

Eron:; :: Re~ions (see Fig-.1re : · The Hoan i: Ri,er catchment -:J.n ce divided intc ::.'J.ree ]road 

geog:-.:::.phi.:: sections. Th~ eas~em section (c2.St er' the Khowar:J Sc ~l uc ht) that is dorr::nated 

by a _-olo!hospermum 1r:opm:2 - TerminaL: pr:moides - C on:jrerzi!n apiculmwr: vege:ation 

ty pe 3ec:i-;.er and Jurger:.s. 201}0: Leggett 2: ::;z/.. 2001a). This bec: .::mes a Colo.c ;:osp-:~mum 

mopt~e - Terminalia r"Lmoides vegetatic~ type as rainfall Jeceases, with a:-.nuai grass 

(Sripc:p·osns hirtigluma 3.nd X.aokocholoa '1igr:rostis) domir. J.ting the plains 1 :=.eck:: :- and 

Jurge:-.. 21)00: Leggett e: al.. :OO!a). The \vescem section c· the Hoanib Rive:- (frc:-n the 

KhO\'- J.ri b Schlucht to :he Dub is wetlanes) is dominated :y C 0lophospenm,77 n:)pane 

wooc · J.nds with seasona: :y de:;endent stancs of perennial gras.o=s (Si:pagrostis ur::_:;lun::s and 

Sripc::._,.osrzs hochstetTer::::na) 18ecker and :urge:1s, 2000: Le;gerr er al., 200:'"' '· :n the 

extre"':".e \\ estern section of tl-:c river - fror.. the Dub is v.·etla:. js tc the coast - ·. ~ rtuc.. ! y no 

vege:.::ion exists outside the ~iver course '-•here Faidherbia .::1bid,:: trees are tl:= dcr. inant 

vegec.:rion type with occ2Sionc.l seasonal g:..:::.sses 1 mainly Sripc p-osr:s hochsrerrer .:::na 1 Seely 

and C:-iffin . 1986; Non. 198-: Viljoen an..: Bothma, 1990: J 3cobson and Jacocson. :998: 

Fennessy 2£ al .. 200 I) .. -1. broc.d flood plain some 70km\ in f:-:mt er' the movi ng .::-:1nes )f the 

coast. Jffe:-s substantial :;::-azing for wildlife .:.iter ~lood events c:.1ring the wet seasc:-~ (L:?gen. 

1998 

The ~~inr-a il within the -.: .ltchr,ent is both \ .::.ri ed and unpredi-::able. with a mear rair ~-1! ! of 

apprc-,j mc.re ly 350mm ir. the east of the c::.:.:nmem. to less th:.: .. :-1 15' .'Tl m at Mo"e 3a'- .n the 

6 



1 

l 

.1 

-1 

., 

J 

] 

Erosion Studies and Sedime/11 Andvsis 

Atlantic coast (Jacobson er c:. 1995; MWTC. 1999; Leggett et c;· .. 200 I b). Drou{lt is 

defined a; i\VO concurrent ye.::.~s where belov .. · a\erage rain fall is re.:orded (Jacobson .::al .. 

1995). In m:my areas of l'am:oia rainfall is gener:1lly below average with occasional l~eavy 

rainfall yea:--s. In such an en\ : ~onment drought is normal. It is prcbably more ac~ur.:.:e to 

refe r to .:l in~ Jt ic cycles as e : rhe~ periods of aridity \\here below a\ era~e rainfall occurs c \Vet 

periods '-\ he:1 above averag:: r::: :1 fall occurs (Jacobson et al. . 1995 J. 
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Th-= ele\ aricn of the Hoanic R:·. er catchment is neither gradual nor urmorm. ranging rr or. Om 

at its m our;-. to approximc.:el; i 820m in the Ete:1deka/Grootbe~g r::nges (Jacobson e.· al.. 

1995). The =~osion impact :ac::ed along these varied gradients is :1ei r~er regular nor un i ~·: rm . 

with hig~ de~rees of fl uvia: e:-c::ion caused by large episodic rain iJ.II e·.ents and floocs '." thin 

the catchme:lt (Picard anc E ~h. 1973; Baker er al. , 1988; Graf. 1988; Warne:-. >~88 : 

Jacobson er .1!.. 2000a). 

Sheet e:-os ic:1. usually in come :-:ation with rill erosion, is predominar: throughout the Ho nib 

catchme:1t 2:-.d is speci fica Ly ~~ Jnounced in areas where the slope g:-::d ienr is more ::.cut-: i.e. 

Khowar;o ~~ h lucht (I RIM. 2C: 0; GC RIO, 2000;. Throughout cile :atchment the sed::-:1enr 

yie lds fuve oeen seen to 6e : irectly corre lated with slope. as me:-,tioned. as we!l a:: the 

erodibi liry c;- the soils (Ho;:.-fm<::l er al. , 1999). These tlu\ial pro.::esses result predcm ir. ::-.ntly 
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SECTION I 

from mass precipitation. which. when combined with eolian (\vind) erosion. are suggested to 

cause the greatest •impa-:t and loss of substrate in an arid and semi-arid environment (IR1M, 

:000: GCRIO. 2000). 

ln b~' th the communal and freehold farm:ng areas, the pro.::esses invo lved in erosion have 

been enhan.::ed by human activity. Furthermore, it is evident that the effc:t et' rainfall on 

erosion in such an em ironment is markec ly higher in an arid/semi-arid en\ ironment than it 

'-"Ould be in others. Human-induced inf1ue:1ces and activities in the catchme~t i.e denudation 

o f s0il and vegetation around a village \piosphere effect). add to an aireac: increas ing 

:- robiem. Not only does erosion inhib it crcp or agricultural production. but ::also impacts on 

ourfJ..:e vvater storage and has more rece:1tly been regarded as one of r:-:e 1~:os t obvious 

:ndi..::nors of desert iric:::tion or land deg:rad .:.tion (Hoffman er d . 1999). 

The often violent pericdic flooding that oc.:urs in the Hoanib River introduces l:::rge vo lumes 

cf sediment into the ri\ er system annua lly 1 Jacobson et al. 1995; Jacobson e: al. 1999). Thi s 

oed iment is terrige :1ous in nature. t: eing eroded throughcut the catchrr::::nt Jrea and is 

.:: omposed of both inorpnic and organ :c fr:::ctions. In many seasons. the rive~ flc cd volume is 

:-:ot sufficient to push the river through the coastal dune rront to the Sc2. Lnder these 

:i rc :..r mstances. the tlocdwater banks up against the dunes causing a large ~i ocC:o lain where 

sed iments are deposite::i (Vogel. 1989: Jac:: bson et al., 1999). 

-:-h is deposition prcceso supplies re lati'- el: z'ertile alluvial soi ls to the tloodp i.:. in .:.nd promotes 

::1e growth of nutritious grass spec ies in an area where graze is a rarity. A:':er such periods. 

:3.rge numbers of \\i ld!i fe are attracte::i to these tloodplain areas (Leggen e: ai .. 200 lc) . In 

:ears of high rainfali (e.g. the 1995 and 1999/2000 wet season), the ~"locc events are 

sometimes large e:1ou~1 to break through the coastal dune system and pus}-; the river all the 

·.,a;. to the coast. Thio deposits large vol umes of nutrient rich terrigenous sed ir.:ent into the 

.: oas;al ocean ic sys;ern . removing the:n :·rom the terrestriai ecosystem. ~1ese events can 

: onrribute to the inc:-eased biological prod:..:c:tivity of the coasral zone. 

Erosion, with its effec:s. has important social , economic and environmental ' m~ ; ications that 

~eqU!re both under~i:anci ng and assessmem. Poor land and water managemct has resulted in 

eros;on events that :ar::Jot be reversed. \\ ;th a transitory population in the r, ort!- -west. wh ich 

se·. er increasing. the 1eed to underra:..;e ir. tegrated monitoring and evaluati cTl o" indicators is 

,' f s ; ~n ificant and increas ing im portan.: e. 
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Erosion Stud:.:s and Sediment A. 1:a~vsis 

METHODS 

SURFACE SOIL EROSIO:\ 

Field sampling methods 

Erosion tr:::nsect lines we~e .:srablished at four J ifferent locat: :ms within the Hoanib River 

catchment Each transect lin e: .. vas loc:1ted vvithi r: J.n area of diff:::rent land use. terra in ::::-:d so il 

type. The transect lines =.t e:::.:h location we~e ~-.m along a dis:J.nc;; gradient awa; fr,' m the 

river and \\;;re establishec to :~~easure accreti on er erosion ofsoi: thr,•ughout the study ::- .: riod. 

Geograph i.: Positioning S > stc::-t ( G PS) co-od in ;:~es were taker. from the middle c f t l~;; river 

channe l (se.: Figure 2). T:-;e f:.lowing locatic ns '-'ere chosen for rhe study: 

• 

• 

• 
• 

Se~en ~ ::ti Plains - !9.-.J. 1089°S. 1 ~ .1 1 4 ! 0°E 

Kh0\\2.:' ib Schlucht - 19.26869°S. I.: 391 08"E 

KhO\\ ;:rib Plains -19.2210 1"S. 1 _: 1923-.J.0 E 

ou:,i s ? lains -19.2210 1 °S. 1.: .-+9234"E 

""\ .. ,_ 

'\ 

?\, 
~,-------- \ '\ 

Legend 
~~-
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Figur, ~ - .~I}UI7ib River c .. ·fcr-rzenr erosion sL:ke . iles 
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SECTION I 

Transects. two a: each location. we:-~ then run in oppo~ing directions and 0erpendicular froiT. 
I 

the Hoanib and O!nbonde (extensioi~ of the Hoanib1 Ri\cr channel beds. cvcm erosion stake~ 

were hamme:-ed :rHo the ground unt : 30cm protruded::: 25m. SOm. 75 m. : 00m. 150m. 200m. 

350m. 400m. 5\X'rn. I km. 2km. 3h·. and 4km distance~ from the river anc Jcross open plains 

The top 30c:-n ,,r· the erosional sc.\:es were pair.ted white to incre:1se :heir visibi lit\ anc 

provide an ac:: unte measuring poin: 

At each of t~e sires along the tran~~-:t lines. GPS .::o-crdinates were rec c ~ J.:d (Append i-..: :\ 1 

A descri pticn c :· the terrain and s,·i l type in the i m r~;ediate enviror. me:~ t of each site q: 

rocky/shale c r s.:.:1dy soil. was a! so ~= ·.:orded. 

Sites vve re c:-~1~ surveyed after a ~ cJr and as it hc.ope:1ed. after one of ::·.e highest sea:Oon.:: . 

rainfall pericds ' :1 recent histo~ . T~e accretion or ere~ ion of soil was the. recorded for eac 

site along th-: tr:::-,sect lines. l\!cast.:~=ments were r~;.;er~ Jased on the crigi:·JI 30cm protrt.:din:: 

erosion stake bu~:ed at each of t ~e s :es. 

SEDIME:\"T STUDIES 

Flood-borne Sediments 

A series of e :-;pe ~ : ments was uncer:::. . ...:en on water s.:o.m~ .es collected dcrin:: six flood eve:::s i~ 

the Hoanib EZi\ ;:; 1999-2000. Ti~= water sampks \". ere analysed ~or sdiment and :as ic 

chemical conpcsirion (inorgan ic a:-J organic frac::ons , The methoc des..::ribed is simib.r t·= 

that of Jacocsor. ell al.. (2000b '· He .vever. a process c· heating to 25 <)0 (. 550°C. 850°( \vas 

added to de:e:-rr. ;ne the vo lati le. b.: Jnd and inorg:.n ic carbon (respe..:: Ii\ e:) in the sediner:: 

samples . Ja-..:: .)bs ::c n et al., (2000b) f. ;;ated suspende.: se:iment samples to :':'0°( for 2 hoc:-s tc 

determine the fi:.e particulate orgar. .:: matter (FOP'\ 1). 

The analysis of :.11 flood-borne sec :-nents was coduc:ed at Gobabec Tr::: ning and Rese:uc~. 

Centre (GTRC 1 :::etween the 2S " '\:ay and the 2"c Jur. c 2000. The mate:als and equip!.lec 

used in these e:-..:::riments were obtc.. ned from the CTR C" . 

10 
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Erosion Studies and St!dimenl Analysis 

Field sampling methods 

.-\11 samples were obtained from the Hoani b River and cullected upstream f~om the sand weir 

in the Khov>'arib Schlucht (-1 9 . .:6- 05°S, 13.89082°E'i. 2L samples o;· tloodwater were 

collected from si:\ different tlood e' ents between 18 ~ovember 1999 ad 19 Apri l 2000. 

Where possible. samples were colle..:ted at 0. 6. 12. IS. 24, 36. 48 . 61) a:~J 72 hr intervals 

during flood e,·ems. Due to the unpredictab le nature of the flood evens. ::was not poss ible 

to co llect samp les during the entire time line fo r most of the flood even:s. :-lowever. sampies 

were gathered as c!ose to these time intervals as possibie . Some flood ~\ C.[S did not last r'or 

the 72 hrs of the sample collection. ''h ile other fl ood e\ents were only :1 it :.:. : tloods that ''~re 

later swamped b: larger flood e\ ents . Table 2 shovvs the duration and s.::.m~ ~collect i o n tir.es 

during flood e'enrs. 

Table 2: Occurrence, duration and sample collection times for flood events in the 

Hoanib River 1999-2000 

1999-::!000 wet season 

Date Duration of flood event Time of sampl ing 

(days) (hrs) 

]7/ ll 99 I 2 6. : ~ 
I 

30111 09 2 0. ; 6. 6. 12. IS 
I 

3/ 12!99 I 4. 10 

16/1:2.99 I 5 . l - . .: 1 o ·, -6 I 
I 

5! 1100 2 I I 
23/3;00 1:2 2. S. 12. IS. 24. 36. -lS. 50. ~5. 60.72 I 
19/4 00 I 2 0 I 

I 

To assess the amount of sediment ~arried by a flood event, one lice c · floodwater ''as 

evaporated to dryness and the remain ing residue weighed . 

Evaporating Flood Water Samples to Dryness 

Steps: 

f a) 

rb) 

(C) 

All e\ aporation beakers ''ere washed in de-i 0n1 sed water befor~ bt -~dried at sssc 
Once drie ::i . the beakers'' ere .veighed on a \ len ier P 1200 top k ad i~ ~balance. 

Water samp les were thor0ug:1 iy shaken for~ mi nutes to re-susre:1c :::. il the sediment. 

]] 
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1 d) Using a measuring cylinder, I L of tloodwater was measured and added t0 the beaker. 

I e) ~Water samples \Vere then evaporated to dryness at ss=c 1• 

['Note: Aftc:~ th~ ;ample had, bc:c:n evapcratc:d for at kast 12 hc' urs. the supemata::t li.::.Jid 11as tilt~n.:d . . 

through a \Va:ma:·. ~o.l tilt~r papa Th~ ;c:diment contained in the tilter pap~rs ":15 ".lSh~d back into 

the beJkas " :th -=~-ioni sed \l ater. Ir. mo;: ..:as~s this reduced the: 10lume of liquid to be: ~vaporatc:d from 

900ml to ap::-~o' I OOmL. The sa m;: 'c:s "~re thc:n allowed to <::1 ::.vorate to drync:ss CYC:rr. :ght.] 

1 t) The dried sar:1ples were the:> \lcighed again on the Mettler Pl: 1)0 :o obtain the 

amount of sediment (g) contained in the water sample (L-\ 

The vo latile organi c. bc'und organ ic and tc tal carbon fractions of the suspended sediment were 

j erermined b\ heat :ng ~ he solid residue (ci:-tained from evaporation process c ut li~1ed above) to 

:su:e, 550°C and SS C:C. respective!:- . -\fter heating to 85 1)0 C. the rema i :1in~ residue \\aS 

Jssc: rned to be the i:1orpnic fracti on. 

High Temperature furnace 

\ ciJtile Carbon: 

' a1 High tem~era:Jre cruc ibles \\ere cleaned with de- ionised water and iried at 85°C 

before beir.g \1eighed. (All \veig~ing was perfonned on a Mett ler -\E i·)O (4-decimal 

anal;. 1ical :ala:1ce ). 

b 1 The erucic ies \vere then wa:;~e~ in de-ion ised \Vater and pre-firei tc 850°C in a 

Labcon REX-C I 00 Series mu:: .. Tle ~-urnace to clean the:-n of any impur:t ieo . 

c 1 Appro~im::tel: 2g of dried se::: imc:l t was transferred :o the high tem::er:::ure crucib les 

and \\eighd. 

· d 1 Samples\\ ere ~!red to 250°C. _A_ f: er 30 minutes at th is temperature. :he samp les were 

removed h :)!T: the 01en and al lcwed to coo l in a desiccator. . ..l.. :'te ~ coo ling, the 

samples 11ere ·.\eighed again t:::> ot :ain the vo latile or5anic fraction. 

3 ound Carbon: 

, e 1 The samp les \\ere then retu!!.ed :o the muffle fum <:ce and heated :o 55 0°C and the 

process re;:eated to obtain the ]ound organic frac:ion . 

Tota l Carbon: 

· f) The above pr:: cess was repe:.te~ with the remaining sample, wh i-::n ·.,as heated to 

850°( to cota:n the total amocnt :r' carbon in the sediment sample . 
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Erosion Studies and Sediml:!nt Anazvsis 

RIYER-BORNE'SEDIMENT 
I 

Field sampling methods 

.-\s described by Jacobson (pers .com .. !9lJ9), scour cords can assist in prc\ id ing importanr 

infL' rmation about sediment accretion or erosion and. in turn. channel changes as a result of a 

rlood. 

To measure the vo lume of sediment mo\ing down the ri\er in a fl ood e'. enT. six gauging 

po ints were establ ished along the river. The gau g:es used in this studv we re si:-:-, ilar to th ose . .... ...... ...... -

described by Jacobson during his studies in the mid 1990s (pers .com., 19°9 '· but di ffe red 

slightly in that insu lated red copper wire. as opposed to string, was used in this study. The 

\\Ire was sec ured :o a large bolt (70:>20mm) and buried approximately 6•)cr;- deep in the 

ri \ erbed. The \vi re was marked at the surface with a 3cm section of insu:ati:: g plastic cut 

a\\ ay from the copcer wire core . Gauges were positioned at the following lccar :o ns and GPS 

co-ordinates in the riverbed: 

• .-\mspoort - 19 . .:3 6 189°5. 13.1.:3 s - e E 

• Khowar ib - 19 . .:5047°5. 13.s...:. os: E 

• Ombonde River - l 9.3 1304"S. 14.0 l ...:.5 8E 

• Serengeti River confluence - 19 . .:35638°5. 14.0- 31.:3 E 

• Ombonde River - l 9. J. 3760°S, 14.JJ..: 63 E 

• Ombonde and Otj ovasandu River conrl uence - 19.J.6483°S, 14.23 c .:9:E 

• Kamdescha - 19.J.2638°S. 14.3.: s .:;.: E 

One more sco ur ccrd \\aS to be added at the beginning the Hoanib Floodp i::.. 1n. out the early 

ilood ing of the Hoanib River on 16 Ne\ ember 1999 preve:1ted this. 

It \\ as necessary to locate the sites ne:lf kn own or easily identifiable landfo~T~ fe::nures so that 

che:- co uld be found after the fl oods. After seasonal fl oodin g, the scour core sample sites 

\\ ere revisited and exc avated . As the channel bed was scoured. the cords. as j escribed by 

Jac obson ( pers.com .. i 999 ), wo uld bend downstream from the force of the f ; od. As th e 

tloods receded, fre sh sediment would be deposited on to p of the cords. mak:ng :t di ffic ult to 

:ocare th em. The .1mount of sedime :1 t that had either bee:1 accreted or ercced from th e 

~i\ erbed coul d the :~ be measured against the scour cord depth . 

13 
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SECTIO:\ I 

I 

VEGETATIONfJ'RA.'iSECT EROSION STUDIES 

Field s:1mpling methods 

A rapid :J.ssessment of erosion \vas undertaken at vegetation sites along a distance gradient 

av;ay from water sources as part of a greater \ egetation study undertaken by the study team 

(see Leggett et al. . 2001 d fo r more details). Eight di ffe rent locations within the c:nchment. 

each \\ ith t\VO transect I ines 0-7km. were assessed for th e type and degree of erosion. 

Transecrs \vere undertaken at the followi ng loc:J.tions: 

• Kho\varib -19.25601 °5, 13.86680°E 

• Sesi'ontein -1 9. 1.:543°5, 13 .70391 °E 

• Omuramba -19.0:35 7°5 , 14.0905-+oE 

• Otjokavare -19.06341°5, 14.34785°E 

• Hobatere GP - 19.25325°5, 14.394: 4°E 

• Serengeti - 19.-+ : 268°5, 14. 11-L6°E 

• Paimfontein -19 .65-+06°5. 14.22580°E 

• Kaross (Etosha National Park) -19 .063 41 °5. 14.535:9°E 

The extent of erosion occurring withi n eac h piot was graded as low (I), med ium (: 1 or hi gh 

(3 ). Fer the purposes of th is study, the types of erosion wee defined by the i·o llowing 

descript ions (R. Loutit pers.com .. 1998): 

• Gullv where e:-os ion was in the form of deep scars. 

• Sheet where e:-osion occurred across a plain, exposing roots of trees and shrubs. 

• Wind where erosion or acc retion occurred around the roots of trees and shrubs. 

resultin g in the vegetat ion appearing to be gro,ving on mounds . 

' l 



• s•11s uotsos 

puafla1 

S2 /lS UOZS0 ./2 !I OZJD/ 22 2:\ Jll2llli:JJL~ .121\ltf qzWJOH .E" c.m 2l:J 



1 

1 

1 

l 

1 

] 

I 
"' 

1 

SECTIO~ I 

RESULTS 

Man' of the eros iona l pr0cesses observed -:luring this study are slow and onl: become 

significant. or even prc ble:natic. after severa l :ears. In a :?.-year study it is often nor possible 

to quant ify a erosional ;x o.:css, hovv ever. it is ~ossible to qualify the processes taking place. 

SURFACE SOIL EROSION 

Results obtained from the erosion transects are presented in Tab le -L These resul ts ~epresent 

tran sects undenaken acoss different land use. terrain and soil types. 

Table -L Accretion or erosion (ems) at each site along the four transect gradients 

) Serengeti plains IKhowarib Schlucht 

I Distance 
I 

ifrom ri\er 
I 

j]5m 
r 
150m 

[75m 

l100m 
I 

1150m 

j200m 

'350m 

i500m 
I 
l1km 
I 

!2km 

13km 

4km 

jNorth South 

!transect transect 
,.., 
!-
10 

I i 

)-0 5 
1-4 
I 
iL 

!L 
)L 
IL 
I 
iL 
'- I 

:- 15 

3 

~ 

.., 

.., 

24 

) 

.., 

L 

'--

1

1\orth 

T ra nsect 

iL 

IL 

IL 
IL 
I 

IL 

L 

L 

IL 

IB 
!L 
I 

iL 
]L 

L 1 k'" 1 - ::;osion stakes nor :o u ~ : when surveyed. 

8 (bro ke. 1 - the crosJon srak;!s \\ ::;e found broken. 

South 

Transect 

L 

L 

L 

L 

L 

-· . .5 

L 

L 

L 

)KhO\\ a rib plains 

North South 

transect Transect 

11] 
112 
[s 
lo 
I 

13 
' 1 
I 

J<+ 

lo .., 
I ·-

[2 

1-1 
IO 5 

1-1 

4 

0 

15 

1.2 

0.5 

1 2 

3.5 

-0 .5 

-7 

T 

L 

T (trJ.mp ld) - the erosion st:.!..:es ·.,ere found out of :je o~gi nal holes. though nor oroken . 

IDubis plains 

North !South 

Transect !Transect 

I ( -I .:: 

1-0 .: 
I 

)o.: 
j1 
I 

13 
IB 
I_) :: 
' 
10.5 

10 -i _. 

12 5 
I 

! 115 

H 

J-1 
jo 7 
I 

!1.5 
lo 5 

0.2 

0.1 

1-0.5 

1-0.5 

117 
jo 2 

17 
5 

Tab ie l does not prov i~e a -:omplete data set ~··J r the erosion imp ac t occurring throughout the 

d i fferem areas of the c atc ~, ment. Several prc o I ems were enc ountered when the st<:kes were 

sun eyed in :?. 000 , as n ume ~ou s stakes cou ld lOt be found and c thers had been trampled or 

broken. The results sh\.' wd that the erosion im pact appeared to be random and mosc likely to 

be dependent on the su b ~crate of the imme:ii ate area around the site. Areas c-:: ntaining 

f) 
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Eros ion Studies and Sediment Analnis 

lwmmocks. gu ' I ies and plains \\er~ more susceptible to erosiona I events \see Appendix A). 

The Serengeti ::>lains and Khowarib Schlucht transe..: ts provided no com parative data as the 

maj ori ty of st2.~es had been lost er removed from their original sites. The Khowarib pla ins 

and Dubis pla i:1s transects we;~ compared for the erosion or accretion ''hich occ urred al on~ 

the di stance gr2Jient- up to 500m away from the ri\ er. and then this compared to the totJ I 

impac t along t'1e whole gradient. Interesti ngly. Klwwarib plains sites \average of both the 

northern and s'-'Llthern transec ts1 h.'.J both accretion anJ erosion with a range of between -":'c :n 

to +4 cm of tol'~o il removed or ac2ed. Overall th ere \\ aS an average ac.::retion of 1.57 cm .. -\ 

si milar tre nd "as observed at Due is where agai n bcth accre ti on and cos ion \\as obsen d 

across the tran~~..: t in a range cet\\ ;;;;n -I cm to+ I 1.5 -: m. with an O\ eral l J.ccre tion of 0.- c::1 

However. the Khowarib plains inc: .::J.ted an eros ion impact in the sites I to -lkm from the ri\ -:r 

with bet\\een- - ..: m and +2 cm of ~o pso il lost (a\era~e loss of 0.79 cm 1. The opposite effe-:t 

was obsen ed .n the Dubis p l ain~ transects where an increased ac:ret ion rate of berwe ~:1 

0.3cm to I: .5 -::n (avero.ge ac.::~er ~ cn of 1.63 cm) ''as observed in the sites I to 4 km from the 

n ver. 

FLOOD-BOR_'m SEDIME:\TS 

Samples \\ e:-e ~ J IIec ted from focc events and analysed for the mass of sedime nt each tlocci 

was carryi ng 2.:1d the organic anc inorganic components of suspenced material. The date. 

time of coilect :.Jn. amou nt of SCISC:e!1ded material (sed iment). and the \\eigh t loss on heating 

suspended solics to 250°C. the :; 5:: 'J°C and fi nally S5 0'C are shown in Taole 3. 
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Table 3: \Yater samples collected during flood ennts in the Hoanib River (at Khowarib) 

during 199l\-2000: the da'ta includes date, time of collection, amount of sediment and 

percentage weight loss on hearing 

Sample Date Time Sed. (g/L) % w~ight loss on %weight loss on % weight loss on 

heating to 250"C heating from 250 heating from 550 

to 550 ''C to 850 •c 

I I IS l! -l 'l 6 hrs 1.3 .27 ::.51 2.40 3.25 

I 1 IS l: 0') 12 hrs 1.5-l :.:: .S l 3 . .35 5.9: I -

3 .:: 1.1 l: 09 l lOmins 24 .5.3 1 .: 11 ' -., 
.) .;. -!3 ! 

.j I I : ~" oh rs 2175 I : D l 3 -s 3.90 
I 

5 I I: ~0 l2hrs 7.96 - I , I , - -l .: I 3Y 

6 I l : ~0 IShrs 31.27 I : '-J -l 2 . ~5 3.53 

7 .:: l : ~y I -lhrs 9. 87 l : - I .3 .:3:3 I I 0 s 
I X : l : :.J 1 I Olm 14.46 1 5.31 S. i l 4 '. 
I 

I l) I Q I _ I . , - yl) j Ohrs 2.3 .5-l i : I (I .3 .:30 .) . -I - , -

10 ! l " l : -19 1 2hrs 20 .29 5.45 2.37 3.-

' 11 1 : s 1- y ll . . - / j .3 6hrs 1.8-l :3 39 4.I 2 4.3 :3 

1 I 2 1 5 1 1• I hr 20 .58 : .60 3 •)0 1 36: 
, I , I :.:: .:: 1) 1 2hrs I3 .6 I :3 .33 1 3.:6 Cc :: . i .) I 

I I-\ : .:: .:: 1) 8hrs Il.-l I : .6-l 2.95 Co.-: . 
' 
I I5 I : -".:: 1) I I2hrs I7 .7 l ' : 3 4( 2.-5 IO :!J 
' 
' I6 ! : .+ .:: :IJ I IShrs 13 .03 i _: 55 

I 
3 . .::-l I 4 .:: 

I I :.: : I J j 24hrs 22 .79 I : .-16 2. -I 1 5. -s 
I I 

; IS I :: :: 1) 1 36hrs I5 .29 ~ :: 23 3. :36 I 6.5 -
I 

19 I - 'J : .1) / 48hrs 9.6 ~ 5 . .3 .3 3.58 I s . ~::-:; 

20 I , - . I _ 'J _. _IJ J 50hrs 9. 86 : ...,""\ 2.30 I .u,: 
21 : 6 : 1) ))hrs 7.9 _ .. .)_' ' 3.30 ) --I - ' . 
1 1 :-: :o 60hrs 13. 63 I : 70 3.20 J .u: 
1 ' ' _:: • IJ 72hrs 13.5 :3 __ , - : -s 3 2 I I 3. - ~ 

2.J i :s _: _i) Ohrs II .T2 : -\ (1 -! .0-l I -~ ~ :~ i 

Average 14.62± 7.1 4 5. 77 = 6.26 3.36 = 0.62 1 4.93 = !.86 

Con.- sa::;p ::: were either comarnJ r.:;. : ~d or lost during :.':e ho: :uing procedure 

The results irom Table 3 shO\\ that the sediment carried in the tlood events varied from one 

flood e\ e:1: eO the next. In an~ one flood eve :1t the re appeared to be a decreJ.se in the a::1ount 

of suspe nc ::d materia l carrieC: by the river L'\ er time. Howe\ er. this vari ed sig'li fic 1ntly . 

th ough once rJ. infal l had ceJ.se-:i in the catchment areJ.. volu me and velocity of the tl ooc event 

al so de..:re::..:;ed. 

The heJt ir. .£ o f the result ing suspended sed irn e:1ts to 250 "C, liberated the vo latile c :.<an1 c 
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C+lrbon compounds from the sediment. Re-heating the same sediments to 55 0 -'c liberated an) 

L' rg:anically . bound compo'Lmds from the sediment. The tinal re-heating of the suspended 

sed iments to 850°( liberated inorganically bound carbo n_ leaving on ly inorpnic material in 

the heated material. 

The highest percentJge of volatile orgJnic compounds appe::1red to be associJied with the ftr st 

tlood event whereas the perce ntage of\ olatile carbon frac tion decreased in Sdbsequent tlood 

e\ ents. The vo latile carbon fraction also tended to dec rease over time durin:; a tlood evenL 

\\ ith the highest percentage of \ o!Jtile carbon fractiL•n being obsen e.= in the initi al 

tloodwaters. it appeared as th ough both organically and in organically bou nd -:arbon fractions 

1·emained co nstant through out all tlL'Od events. In add ition_ the perce:nages of both 

organically and inorganically bound carbo n appeared not tu vary signiticam: over the time 

imerva l of the tlocd. Inorganica lly bo und carbon fractio n shO\\ed a gr::J.ter percentage 

\ J.riati on in the suspended material than organica ll y bou nd fraction. 

Tile greatest percentage weight loss appeared to be on heati ng the samples to 250 °(. As the 

samples were e\aporated to dryness at 80°( to avoid the loss of volat il e organic carbon 

.:: ompoun ds_ it \\JS poss ible that some \Vater molecules \\ere trapped in the J ried sed iment . 

T,J eliminate the poss ibility that \\ ater evaporating from the dried sam::: ies contribute;:: 

s;gnificantly to the fraction ass umed to be the vo latile org:m ic fraction_ seiec:d samples were 

heated l!O''C for an ho ur before being heated to 25 0-C. The method t0Jb, ed he re is the 

same as al read) outlined for sediment analysis. The resuits of thi s ex.pe~ i me:-n are shown in 

Tab le-+. 

Table~: Pe rcentage weigh t loss on samples heated to llO"C and 250~C 

Sample % loss on heating to % loss on hea ting to 

I JOCC ~so•c 

1 2.88 :::2 .51 

5 I 4.-+4 5.6 j 

15 1 2.6o j 8.-'0 
I 

The results from Tab le-+ shm\ that in two of the samoles tested_ onl y a smc il percentage or 

th e total vo lat ile carbo n fract ion \\as liberated at i I 0 C. These t\\ o samples showec 

':i ~n iti c a nt l y grc::ne; we ight loss \\ he:1 heated to 25L1-C This showed the: water or ver

\ •Jiatile organi c .: om po unds made up only a small fract ion of these samples. :n th e rema inin ~ 

sample_ a signiti.:ant percentage of the fraction was attributed either to volati ;:: organi c carbon 
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or to water trapped in the sediment pores. 

SEDL\IE~T SCOUR CORDS 

After the above average rains of the 1999/:2000 season. no sco~..:r c,'rds were found at Jny of 

the loc::nicns in the riverbed. A lesson that can be learnt from t;, is ;-;:ethod is: prepare ror the 

\\ orst possr ble tlood events. then use the precautionary princ i pi-: anj add a 1 in le more _i ust in 

case. These results indicate that either the er-osion of the s-:di n:ent in the ri\ erbd \vas 

exceeded 60cm. or so much sediment was depos ited that it \vas in:c:ossible to find the -:ords 

through nonnal excavation me:hods. 

VEGETATION T RANSECT EROSION 

Figure 3 presents data coile·.:ted from rapid erosion asses.::;ne~ ts conducted a lon g the 

\·egetation transect lines (see Leggen er al.. 2001 d for details at -: :ght locations \\ il:Jin the 

catchrr.ent The data pro\ ide.= an indication of the varying ere si or, types and de3:ee~ along 

transe:.:t I ines a\vay from the \\ Jter source (point of origin and ta:,en as 0 metres). 

- 0 '" 

- o 

~ I I I ..... 

~ 
0 J" 
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Figure 3 Erosion obsen-t>d c.:long transect i ine in the Hoan if: Ri~ c:r catchment . .' 99'J-2000 

r as peri.:enwge) 

The d:Ha cbtained fro m all tr<::nsect li nes shuv .. ed that eros ion ·.vas Jccuriing ove' the entire 
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most prevalent around water pcints. Gully erosion varied from 27% to 50% and appeared to 

be unifo~ across the caichmcr.t. while wind erosion varied benveen 25% to 67% and \\aS 

most prevalent on sites further away from the water sources. 
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" 
DISCUSSION 

EROSION ST.-\KES 

Accelerated e~osion caused by human influence throughout the Hoan ib River catchment .:an 

be observed \\her1 travelling across the catchment. Due to the loss of stakes because of tlood 

events. human behaviour, wildlife or domestic stock. the processes invo lved in erosion are nL' 

closer to being c0cumented for this environment. The observed results from the Kho\\J.rir 

plains and Dubis plains area indicate an accretion occurring in these nvo environme:HS 

Because both ;1reas are plains em ir0nments, the deposition of sed iments \\aS more like !;. tc 

be observed than in a hilly. steep or rocky area due to the reduced slope and broade~ 

deposition zone . Erosion appeared to be occurring at distances greater than I km fro m the 

riverbed, \\h ich can probably be attributed to the substrate type of these sites. The 

predominant sucsrrate type of these more distant sites was sand anclior gravel which \\ Culc 

lend themseh es more easily to be!ng eroded than the rock/shale en\ ironments of the sires 

nearer the ri\ er 1 r"or more details see Appendix 2). This shows that the substrate type ma; 

play an imporrant factor with relation to the stabi lity and erosional nature of an area. ...\: 

Dub is plains. hO\\ ever. substrate appeared to play a lesser role, where an accretion of mate:ia! 

was observeci at sites more than a kilometre from the ri\er. The substrate types of some s:tes 

after the I km :Joi nt also differed slightly from those pre, iously observed in the transect. 

These results showed that substrate type was not the only major factor de~ermining accrec:or. 

or erosion rares. In any one em ironment, substrate type, combined with factors such as che 

amount of local rainfalL slope gradients, agricultural practices (overgrazing and compact:on ; 

and immediate geo logical environment, must first be understood and monitored before J.n\ 

erosion potenriai .) fan area can be determined . 

FLOOD-BOR.'\E SEDIMENT 

Sediment loads .::- bserved from the results indicated that the amounts carried in the Ho2.nil:: 

River flood\\ ate: varied from 1.5-lg/ L to 31.27g_;L. The average sediment load from che 

analysed samoles was 14.62g/L. This mean value is less than that reported by Jacobson e: .1! 

(2000b) of :5 .5 ~ L, but we ll with in the range that would be expected as a standard deviar ior 

of 20.6 g/L \\ hie;, was reported for the samples . In addition, Jacobson er a! (2000b) repcrte:: 
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that the sediment load increased with the length of flow of the river. Khowarib is only mid-

' way through the <!atchment, while samples by Jacobson er al. ( 1999) were taken from the 

lo\ver Kuiseb River. Within the Hoanib Ri\ er catchment the sediment loads varied with the 

amount of and intens ity of rain fa ll. and hence fl ood events. There also appeared to be a 

decli ne in the sediment carried in the fl ooc\vater over time e.g. samples collected 18/11 /99. 

This was most probably due to a decrease in the velocity of the floodwater. .-\s rain fall 

ceased. the vol ume of the floodwater decreased as did the veloc ity of the flood. 

Consequently. the sediment carrying capacity of the water decreJ.sed proportional!;.. 

The results also ind icJ.te that in a big flood e\ ent- as occur.ed from 23 to 27 March 2000 - the 

sediment carrying capac ity of the floodwate~ varied over tr.e -!-day period and d id no t appe:1r 

to de.: line \Vith time. This was most prcoably due to additional storm e\ ems occurring 

throughout the uppe~ Hoanib River catchment, causing surges in the tloodv.ater In the river 

and hence the periodic increases in sediment loads. 

Organic and inorganic fractions in the sediment 

By he:ning the sediment samples to 250cc. 550°C and 850cc it was possible to de':ermine the 

\ Oiatiie organic. bound organic and inorg::nic carbon fra-:::ions (total carbon! respectively. 

The res idue after he2ring to 850°C \vas assumed to be the inorganic fraction. The volat il e 

organic fraction was assumed to be IO\ \ mo lecular weig!:r organic compounds and high !: 

combustible carbon -:: ompound e.g. wood fragments and rcots. The bound organ ic fraction. 

howe\er, was assumed to be that fraction held with in the soil. including inorganically bound 

carbon. 

T:1e results indicate that the sediment in tl ocdwaters conta ined an average of l-L06% carbon 

compounds and 85 .9..: % inorganic compounds. 

A-::cording to Jacobson er al. (2000b), a major source of organic material to be found in the 

ephemeral rivers are Faidherbia albida seed pods. Faihe .... bia albida are the most abundant 

tree in the riparian woodland of the Hoanib River (Jacobson and Jacobson, 1998: Fennessy er 

u; . : rJ Ol ). The gre::nest percentage fraction of organic compounds was the \ Olat iie organ ic 

CL' mpounds where an a\ erage of 5. 77% ( SD = 6.26%, n=: -+) \vas contained in the samples. 

Ti1ere was a large variation in th is, with samples col lected from the first tlood event 

cc,ntai ning much higher levels of volatile organic comp<..~ unds than any subsequent flood 

,.., 
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event. 'In addition. the initiJI flood observed on 18 November !999 carried a higher total 
I 

inorganic bound fr4action th:1n any other subsequent flood . This cculd be due to the t!rst rains 

leaching most of the relatively lighter organic material from the scil and carrying the:n in the 

first tlocd. 

From the results it appears thJt there was an a\ erage loss of 3.36° <) (SO= 0.62%. n =2-+) and 

-+.93 )) (50 = 1.86%. n =22) upon heating tl;e samples to SSO'C and 850°( respe.:tively. 

Jacooson Ill al. (2000b) reported an average value for FPOM (which represents a corr.r-inat ion 

of the \Ciatile and bound crg:1nic fr:1ction) of 11.8% (SO= 2.7. n=20). This perce:1tage is 

only slightly higher than the combined volat ile and bound frac tion measured du r: ng this 

proje:t cr"9. 13% (SO= 6 . .29. n =24). There ap~eared to be little \ariation in these pe ~.:entage 

losses. regardless of when the samples were collected. thus indicating that these organic 

frac tions \vere present in e:1ch flood event and at levels that \\ere constant. The higher 

percentage observed in some samples heatec to 850°C wou ld most likely corres::ond to 

inorganic:1lly bound carbon particles e.g. the .:ompound calcium carbonate. which e~ ists in 

natunl systems in mineral form (limestone) or can originate from organisms (bone or shell 

fragse:ns ). 

The :ni ti:ll heating of sediment samples to dryness at only 80°( c-:>u ld possibly ha\ e ~esulted 

in scme \Vater being trapped in pore spaces around the sediment molecules. If ar:~ water 

molecules were trapped around the sediment particles, heating to :.50°( would ha\ e ii:Jerated 

them and the weight loss \\ ould have been re~orded as volatile organic compounds. Only a 

minor de:rease in the \ve ight of each sample was observed on heating to ll0°C for an f-Jo ur, in 

comparison to when heated to 250°C. This indicates that there was very little residt.:al water 

in the s2mples after they had been initially e'- aporated to dryness. Therefore. the c oserved 

perce:1tage weight loss on heating to 250°( can be assumed as a vo latile organic frac: on. 

SEDIYIE~T SCOUR CORDS 

L nfc rtunately for the sediment study, the rain :- season of 199912000 was an a be \ e J.verage 

rainr.:lil season with the best observedcatchmer:t wide rainfalls since 1976. The Hoar: ib River 

and irs tributaries carried excessive run-off thro ughout this period and one of the im]: i ications 

of this \'- as the loss of al l the scour cords for the study. Each site was visited in :\.la;. 2000 in 

an anemot to recover the cords, though this proved futile . The possibility of usin~ a metal 

dere.:::or eo locate the bolts securing the cords was considered. though after searc:111g the 
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broader area aro UI~ C each sample site and in turn. finding nothing. it was decided that this 
I 

might be e:-.:cess;, ~ .md would demand more time than yield usable results . 

With such a high '' Jter volume e:-.:pe:-ienced throughout th is study period. it can be inferred 

that the SGourir. g ir~:pact was greater than the depth at '' h ich the cords '' e:-e buried (60cm 1. 

Thi s finding i"el r Indicates the e:-.:.::ess ive movement ~'f water and sediments within the 

Hoanib River .::::t.:::~.ne nt system. In the years in which the rai nfal l was "l0cally' high e.g. 

1995/96 and 1999 : 000, a proportion of the nutrients contained within sediment movement 

'' as lost from che .:atchment system as they were depos ited in the c oa~cal envi ronment. 

However. durir.g ;eJrs with lesser tl00ds. sediments \\OUid not be comp l e~e l y lost from the 

~:stem . as ell\ i ~ :: ,~ :~·.e nts du\\llStream e.g. the Hoanib Ri ' er Floodplain. a.:~ .:.~a resen oir for 

them. Thi s in : .. :r>1 ::-rovides nutrients r·o r vegetation gro,q h in an area that \\vuld usually be 

devo id of vege:.:tic .. 

YEGETA TIO~ TRANSECT EROSION STUDIES 

The arid and se:-:-. i - .:~id environment or the Hoanib Ri,er .::atchment is prc ne :o various fo rms 

0f eros ion. run--::r;· Jnd sediment loss . The rapid erosion assessment me:nods conducted 

th roughout the s::cJc; provided a simpie yet informat ive understanding of the e'osion problems 

that can or ma'- ir..::act on this em ironment in the future. Erosional pro.::esses take place 

.:atchment wide 1r.d if left unche:kd could result in the environment be:ng increasing!; 

eroded. with lesser :.~ounts of ferti le cooso il remain ing. The culmination or :he three eros ion 

r·o rms assessed · sheet. gully and eolic.n) indicated that the Hoanib Ri,er .::atchment. as a 

system. is sign ir:.::J:.:iy affected by erosion. 

Inte restingly. a: t:~ ~ee erosion form s occurred at all distances along the gradient. thus 

Indicating a c or.~ Jired impact through :::,ut the Hoan ib Ri'- er catchment. The tluvial erosion 

seems to haw ~h e greatest impa.::t :hrough a ll forms of erosion pre' a1ent in an arid 

env ironment (Hcrrr..an et al., 1999). 

The depos ition .::- :· s;_spended and ri' er-borne sed iments oc:: urs in locat ions \\ 1ere the velocit; 

er" the runnin ~ ' ' .::tc~ is reduced e.g. ilcodplain. alluvia l pia ins and stream bed:: . as the velocit; 

-r" tht: tloud\vare~s ::-.:: reJ.se. Vi llages ::i ruated throughout :he Hoan ib Ri\cr -:::.rchment. and in 

;Jart ic u lar in the rr .id le sect ions or" :he catchment. I ie 'n env i ronment:S '-' 1ere hardly an; 

de position of er~' ce::: topso il takes plac;; Without the Jec0sition of the eroded material. linle 
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benefit can be derived f'-lr vegetation gr0\\1h and agricultural rroduction. 

\\ inJ erosion has al so been e:-;.acerbated b' human influences in the catchmen~ e . ~. cultivation 

and ,,ver-grazing (cc m;:::1ction). \\hich in l'.J rn results in reduced ground vege::n i-:- n cover. Its 

imp2ct on a larger scale is hard to quanrif:. but was readily obcrved along the ; ~2:1 sects. How 

this .1tfects the entire c:1tchment system is unknown and tr. e f' '-' tential loss of :ocsoil in terms 

of 5c'cial and econom ic benefits ''ill on!: become apparent 0 \ er time . 
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CO~CLUSIO~ 

This study observed that there is a lack of knowledge of the erosional depositionJI systems 

operat ing in the Hoan ib River catchment .. -\better understand ing of these processes can only 

be achieved through aoprc priate informat ion Jnd long.term mon itoring of soil erosic n rates. 

Whi le several of the experiments conducted juring this study did not achieve an' -::onclusive 

data. the following was observed : 

(a J Si::?nificant erosio r: is occurring in the c:n-::hment: 

(b 1 In high rainfall ye:::rs. large amounts of sdiment are bei ng moved along the ri' -=~beds: 

(c ) Significant amoun:s of organic materia ls Jre carried in the ilcodwaters: 

(d l The greater the vc iume of the flood. the ~reater the amount of suspended and" \er·borne 

sediment carried b:- the floodwaters: anc 

(e 1 The first tl oods ea:-;: more volatile orgJ.r.:c compound than the later floods. 

The 0 ' era! I moveme:. : c f sediments and m.: trients through cur the Hoanib Ri' er -::atchment 

system are unknown a :~ d this may have de~r : mental impacts e n ;:urrent and future agricultural 

init iat i, es. HO\\ ever. :..1Is study has shown tbt erosion, and rh e associated processes . alter the 

dynam ics of the catchnent system annua lly. Whether it be via natural \veather ing c: leaching 

wh ich further enric hes environments CO'' :1stream, or as a result of over·g:::.zing and 

comoacuon around \<lazes. human infi ue:,;:es increase the rare at which these processes 

oc.: :Jr. 
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SECTION I 

Table Al: Location and description of erosion sites at Dubis 

Location: Dubis Plains (North transect) 

Stake No. Date Distance from GPS 

Established river (m) 

"S "E 

I 25105 99 25 -19.22 101 13 .49234 
I ,., 25105 9Q 50 -1 9.22048 13.49164 1-
,, 

25/05 99 75 -19.21999 13.49 192 
i""' 

14 25/05 99 lOO -19.21989 13.49173 

5 [25105 99 150 -19.2 1968 13.49 147 

16 25/05 99 :wo -19.21919 13 .19 11 9 

17 25/05 99 350 1-19.21805 13.49052 
I 

'8 25t05 99 500 -1 9.21669 13.49109 

9 25.05 99 1000 1-19.2125 13.48969 
' 

!1 0 25105 99 2000 -19.20403 13.48728 

ll 25/05 99 3000 -1 9. 19524 13 .48566 

: 12 25t05 99 4000 1-19.18678 13 .48382 
' 
Location: Dubis Plains (South transect) 

I 
Stake No. [Date Distance from iGPS 

I Established I river(m) I 
l"s "E 

l 125,05 99 25 l-1 9.22221 13.49257 
' I 

I 
I 

'2 25/05.99 50 1-19 .22246 113.49223 

I 
3 J25!05 99 

I 

75 1-I 9 22263 13.49218 

I I 
4 [25105 99 100 1-19.22308 13.49192 

5 [25/05·99 150 [-1 922351 13.49218 

6 [25/05 99 200 1-1 9.22382 13.49212 

7 25/05 99 350 1-19.225 11 13.49229 

8 25105 99 500 [-19 .22654 13.49218 

9 25105. 99 1000 -1 9.23102 13.4924 

10 [25/05 99 2000 [-19.2396 1 13 .49272 

!I 25!05. 99 3000 -19.24875 13.49322 

12 25105 99 4000 -19 .25588 13.4931 
.. 

32 

Terrain description 

Rocky/ShaklPlain I 
i 

Rocky/Shale;! · Plain 
I 

Rocky/Shale:'Piain 

Rocky/ShaleiPJain I 
Sandy/Pebbles/Gully 

Sandy/Pebbi<;!S I 
I 

Trees/Sandy'Pebb les 

Sandy/Pebbles I 
I 

Sandy/Gravel ' I 
I 

Sandy/Gravel I 
Sandy I 

I 

Sandy ! 
I 

I 
i 

Terrain description ! 
I 

' ' 

: 
Rocky. Pebbles on Sandy mound5 1 

i 

(Mopane:Saivadora persica) 

Rocky. Pebbles on Sandy mounds 

[CMopane:Saivadora persica) I 
Rocky. Pebbles on Sandy mound5 I 

I 
' 

(Mopane/Saivadora persica) i 
I 

Sandy depression- Grave l. Pebbi<;!S 

Sandy depression - Gravel. Pebbles ' 
I 

Plain- Gravel. Pebbles. Grass cover 
f 

Plain - Grave l. Pebbles. Grass cover 
I 

Plain- Grave l. Pebbles. Grass cover I 

' I 

Plain - Gravel, Pebbles. Grass cover 

Plain- Gravel. Pebbles. Grass cover ' 

Plain - Gravel, Pebbles. Grass cover.
1 

Gully/run-off area 

Gravel plain - Rocky between mo untai ns.: 

Gully/run-off area 
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Erosion Studies and Sediment Anazvsis 

Table A2: Location and description of erosion sites at Khowarib 

Location: f..:h owarib Plains (North transect) • 
Stake No. Date Distance from GPS 

Establ is hed r iver 

(m) 

"S 

I 126.05/99 25 -1 9.17678 

2 26 05199 50 - 19.17656 

3 26 05,99 75 - 19.1 7632 

4 ::o.o5,99 Jl)() - 19.1760li 

15 26 05r99 150 -19.17559 
! 

() 2b.05199 200 -1 9.1750 1 

I 2b. 05199 350 - 19.17383 

8 26,05199 500 - 19.1725 1 

9 26·05199 1000 - 19.16802 

10 J26 05;99 2000 -1 9.15983 

1 11 1::6 ()5,99 
I 

3000 -1 9.15 12 1 

i 12 f1b 05.99 41)00 - 19.14299 

1 Location: Kh owarib Plains (South transect) 

Stake 'lo. Date Distance fromiGPS 

I 

I 

! 

!2 

I 
13 

I 

!4 

.; , . 

16 

-, 

IX 
i 
I 
i') 
I 

I [ ( ) 

i 

' 
Jl l 

112 

Established 

I 
I 

I 
126 05 99 
I 

i 
126,05/99 

126;05199 

126 05199 

;::6.0599 

126 05·99 
I 

126,()5,99 

126,()5;99 

I 
[26;()5,99 

/26.05 99 
i 
i 
26t05199 

26,05:99 

r iver 

(m) 

I"S 

125 ~ -1 9 17S09 

150 
1-191 7837 

175 
1- 19 17864 

I 
100 1-19 17899 

JI50 J- 19. 17938 

1200 1- 1917989 

350 -19.18 119 

500 -19. 18208 

1001) -1 9.1S606 

2000 ' -1 9 19382 

3000 - 19.20 114 

4000 -19.2090 1 

33 

"E 

13.77372 

13 .77367 

13.77362 

13 .77358 

13 .77349 

13. 77342 

13.77324 

13 .77298 

13. 77 193 

113. 77031 

13 .76865 

113.76805 

I"E 

13.77368 

13.77358 

13.7735 

13 .77335 

13.77317 

~~ ,- 7- '9' .J . ' / _ .) 

13.77 19 

113 .77093 

I 
IJ376SI5 

1' 3 76389 

13.75769 

113 .75471 

Terrain descri ption 

I 
Rod:y.• ShJk - P!Jin bemeen hummocks 

Rocky ·ShJk - Plain b.:tm.:en humnHK ks 

Rocky. ShJk - Plain betvv..:en hummocks 

Rocky;ShJk -Plain b.:t\\<.:en hummocks 
I 

SandyiPebbks - On hummock bemc:cn plam I 
Sandy; Pcbbks - P!Jin between hummocks 

Trees, Sandy;P.:bbks 

Sandy:P c:bbks - PIJin between gu lly 

Sandy,GrJv·eJ- Gully 

SJndy/GrJvel- Gully 

I Sandy - On hummock between p!Ji n 

!Sandy - \Vithin erosion gul ly 
I 

Terrai n description 

i 

Rocky. Pc:bbks on Sandy mounds. 'vlopane: 1 

' i Salvadora persicJ I 
I 

I Rocky. Pebbles on Sandy mounds. !VIopane/1 

Salvadom persica I 
I 

Rocky. Pebbles on Sandy mounds. Mopane: I 

Salvadora persicJ ! 

I 

I Sandy depression - Gravel. Pebbks I 

I Sandy J.:press1on - Gravel. Pebb les I 

' I 

I Plain- Grave l. Pebb l e~. Grass cover 

I Plain - Gravel. Pebbles. Grass cover. on 

Hummock 

~ Plain · Gravel. Pebbles. Grass cover. Hummock i 

areJ 1 

IPIJin - Gravel . Pcbbk s. Grass cover I 

I Plain - Gm ve l. Pebbles. Grass cov~r on 

Hummock 

I Plain - Gra\·c:J. Pebbles. Grass cover 

IGrJve l pl:1in- Rocky between mountains 



S ECTION I 

Table A3 : location and description of erosion sites on the Serengeti plains 

Location: Ombonde-Serengeti Plains (North transect) 

Stake No. Date Distance from GPS Terrain descriptio~ 

Established river (m) 

os "E 

I 26;05 ·9lJ 25 -1 9. 41111 114 1142 Sandy So ii/Gr:J.ssy Pb. in with Bare patch ._ 

I 
Coarse to p L}yer/Semi-Open,LeYe\ Area 

, 26,05.99 50 -1 9. 41 085 14 .114-l-l I Sandy Soi 1/Gr:J.SS} PJ.a iQ with Bare patch - ! 

I 
Coarse lO p Layer: Sem i-Open; Leve l Area 

3 26,05 ·lJ9 75 1-1 9 :!1 ~48 1-l.\1462 Fi ne Sand' Sll ii.-Gr:J.ssy P!:J.J n/Semi -Op.:n/L.:' el l 

Are:J. I 
1-l 2M)5 99 100 -1 9 41043 1-l . \\487 I Fine Sand' Sll ii/GraSS\ Pl:.un ' ' ith Bare patch 

I I . . . . 

I I 
1 Semi-Opt:n/L.: vel .-\re:~ 

I 
5 126.05 9l) !50 -1 9. 41 008 Il -l 11 508 Sandy So il/G rassy Plain with Bare patch 

jCoarse·top Layer/Semi-Open/U vel Are:~ 

6 26,05:99 200 19.4 1003 14.11515 Fine Sandy Sll ii,Gmssy Plain/Semi-Open/Le\ ell· 

Are :1 

r7 26;05 99 350 -1 9. 40863 14.11 569 I Fine Sand} Sll iL ~rassy . Plain ; Semi-~pe n/Le,el ! 
i 
I .-\re:J. 
i 

1sou l-1 9 40766 Il-l 11677 I Sand}' So d/Grassy Pia m I 
I I 

_j Coarse lO p Layer/Semi-Open/Level Area_ I 
26,05 99 11000 j-1 9 40377 Il-l 11 956 I Sandy So il/ Al uviu m Plaii1!0pen; LeYel .-\re:J. -

126;()) ,99 2000 1-1 939773 i 141 2498 jCiay Soii/Open/Le,e! Are:J. 

126 05 99 . 13000 '-1 9 39 \-l 114 u1s ICiay So ii/Nll Veget~Hioi110penlLevel are:~ 

I \, 
! -

1 6·0-" ,99 1- . ~ - 14000 -1 9.38546 114.13797 !Clay S~ ii/S em i-Open; !vlopan i 

I Location: Ombonde-Serengeti Plains (South transect ) 
_i 

Stake No. , Date Distance from iGPS ~ Terrain description 

Established river (m) 
I J 

i Ios IOE 
I 

... J 
I 126105;99 25 1-1 94111 1-l . \1 42 I Sandy So il/Grassy Plain/Ai uvi um!Open I I 

2 26;05.99 50 1- 1941 085 114. 11444 j Sandy Soil/Grassy Plain!AiuviunvOpen i 
' 
3 26t05J99 75 1-1 941 048 114. 11462 J Sandy So il/Grassy Plain! Aluvi unvOpen I 

!4 126;()5;99 100 -1 94 1043 14. 11487 I Sandy Soi i/Gr:J.ssy Plain/ Aluvi unv'Open 
I 

I ) 126t05 t99 \50 1-1 9 4 135 114 11424 I Rocky So il Surface:Coarse Sandy Soil I 
I ! 

I I jGentie Gully/Open i 
i 

126;05;99 200 1- I 9 41 444 14.1 1008 /Rocky Soi l Su rface:Lndulati ngT'Iain/SemicOpen 
I 

6 l 

7 126;()5;99 350 -I 9.40863 114. 11 569 I Sandy Soi l/Grassy PJain/Semi -Cioscd ! 
; 

8 126tlb99 500 - 194 0766 114 I 1677 I Sandy Soi l/Grassy PiainiSemJ -Ciosed ·. 
~ 

!l) 26;()5;99 1000 - 1940377 114 l l lJ56 !Sandy So il /Grassy Piain;Semr-Ciosed ' i 

i Ill l26t05 ·99 2000 -1 9.39773 114. 12498 I Sand}' Soil /Grassy Pi<) in/Semi-Ciosed ! 
' 

I I 26tll5 ·99 3000 -1 9.39 145 14. I 315 !Sandy So il /Grassy Plain/Open 

12 126105!99 4000 - I 9.38456 1-l . IJ797 I t 
I 

~-
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Erosion Studies and St!diment Ana(vsis 

Table A4: Location and description of erosion sites at the Khowarib Schlucht 

1 
Location: Khowarib Schlucht (North transect) 

' Stake No. Date Establis hed Distance from GPS Terrain description 

river (m) 

"S "E 

I! 25t05 99 25 - 19 26X69 13.X9\0X Sandy S,JiL Calci te /Plai n /Aiu\ ium /Open 

/Level .-\rea 

~ 25105 ·9') 50 - 19.26893 IH9 12 Sand; S<1 iL Calcite/ Plai n/ .'\IU\ ium/ Open; -

Lc\el .-\ rea 

3 25!05 99 75 -1 9. 26947 13.89084 Sand; S,11L Calcite.: Plain/ .-\lu\ ium; Open/ 

i Le\el .-\re:.J 

~ -l 25 05 99 \ 1)(1 - 19.2693 1 3.~NI02 Sand; Sut! Calcite · Plain/ Alu\ ium; Open; 
I 

Len:l . \re~l 

5 25 ,05.99 \50 -1 9.26931 13.89 16 Sandy S<lil CalcitelAJuvi um/Open. Top of Rise 

6 25105t99 200 -1 9.269 18 13.89236 Sandy Sui L Calcite/ Aluv ium/Open. l'vloderate 

! Gully Side 

17 25105:99 350 -1 9.26923 
I 

13.893 17 Sand; Sui\ Calcite.'Aiuv iu m/Open sr.al low 
I Gully ( Leti side of Road) 

I 

.X 125;05 99 400 1- 19.26928 13 .894 12 Sandy Sui\ Plain . . -\luvium/Open/ Le\el Area 

j9 125;05 99 500 1-1 9 26922 13 .89499 Sandy SuiLPiain, Aiuviull1!0pen1Level.-\rea 
-

I Location : Kh owa rib Schlucht (So uth transect ) 

Stake No. I Date Esta blished Distan ce from GPS Terrain desc ription 

I river (m) 

I I"S "E 
I I ! 

11 125105 99 25 Sandy Sui J, C ale i te.'P laintAI u v 1 um!Open Le vel 
l 
I area 
i 

' ~ 125;05199 j75 Calci te Pan . . -\luviullliOpen/l'vloderate Slope 1-
I 

3 j25t05199 125 Calcite Pan·Aiuvi ull1!·0pen/Level Area I 
I 

4 125105199 225 I Hard Calcite Pan/Aiuvi um/Open/Level Area 

5 125/05199 1375 I 
Sandy Soii!OpentLevel Area 

16 125105t99 1575 I Sandy SuiL Calcite Pan/Open/Gem le Slope 
I 

·- 125 ·05;99 1925 1- 19.26728 113.89289 Sandy SoiLCiosed/Level Area i 
I 

~ ~ 125:05 t99 11225 I I 
Rocky Surracc ·Ciosed/Level Area I 

I 
I 

., 
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