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L
ONG:ru(~ l lCCJl(JG l CAL IU' SL\J(('Jl (UU() 

f.J.ci l it.J.ks the understanding uf l fJHg· 
' term envi rOJlll\CH tJ l pruceStJl.:S and ee i· 

sodic ch,1nges at locd l tn g lobal ;, Ca t ~~ . Tl1t:: 
Euviron1n ~ nt a l l..ong:-Te n n O Usc rv .lhH it::, 
Network of South ern Africa (ELTOSA ) is a 
regiona l !Tt:R network of cuu n t1 y Em·iron­
lllenta l Ol>oerva to1 ies Nctworl<S (EON) e••­
cotnpas"siug th e na tural environments ,111J 

th ei r ~ocio-econom ic context. EON in vol \'e~ 

t he docu Jnentation, analysis aud itdonnatiot~ 

d issetn ination coucerning 1on g -tt:nn (Jecades 
to c~nturie~), l.ugc-sca lc ( ~L·o:,yt.kln, bionh:~, 

COlll i n~ut.d, globa l} ~..: C (J i ugL:.:u l JJHi ~odu ~ 

enln omic pro~cs~es. ThetJ l! 4HC c lu cidak\.t 
t hrou g h Ulllltid i ;ci p linary r e,e Jrch au d 
1nonitoring over a net work of i u~titut ionzd ly 

opefa ted fie ld observation .::.ites. BJt~ i c func~ 

l ions C011t::ern iiddwod~., d Jt.1 lll .. lll.lbenu~ n t 

an d Sh iuing, a n 4i lyscs an d interpretation, and 
info n nilt ion Ji~scminat ion, a ll up~rakJ in 
such a WJ)' as to benefit nw:,t fro n1 CUDfh.:rd­

t'io u i.llHOug pn,fessionab and w ith r~=:,tHHLe 
m a nagers .:tl a ll lc veb. Rl.!qu irewents fot COH­

tinuity indude prugrtunmatic tenLHC a nd 
fu nd in b, dat.1 arch iv ing, d ata tJ h aring, train­
in g, Jnd networking. EON involves ndw lHk­

ing J. t four SLdle~. f i r:,t, the It.: vel of the EON 
centre inter-ct,nnects !:~pec i fi c stu d y plots OV(! l 

l ime an'Ci space, i l Hd f.lc ili tates cullaboratiun 
betwee1l rcsl'arch ers aud stuJ.tnts using th~.:: 

c~ntre. S econd, !he coun try network levd 
i u ter-c onne ct.s ~evera l i n s ti tu ti o ns an J 
progranHllC.::!:I with coin m on gu.1b auJ dcti\:i­
tie.s. Third, t}H.: regional ne tworl.: le\·d , ~ud1 as 
ELTOSA, p romote,:; subconlineut.1 l progr..~w ­

nu:s, syncrgy, and cmnp l ~.>menLuity. Foullh, 
th e g lobal network (I LT U \ , l nlern;, ti ona l 
Long-Term Eco lo g i ca l i(c,;earc h Netwu rl;) 
fac ili ta tes p lanning a n d inforlllatio n e x­
change concerning Slh.:h prug r...am m cs acro:;s 
the world. This po,ition p a pe r dosc ril>es the 
curre n t sta tu s and character of t: LTOSA, ,;ets 
out to soli cit prugranunJ ti c sul-'pulf front 
fu ndl:.'r!l and pul icy-m J.ker.s, .-:tnd inte1llis to 
serve as a discussion foL us for its fullhe f 
dy11am i..:" devdoputcnt. 
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Introduction 

Background 

In M ay 2(1t)] , w e, :;cienti:;ts i rum six 

Culllll ries in :;uuthern 1\iricd, formed the 
Envirun m ..: ntdl Long-Term Obsefvaturies 
Netw01 k o f Southern Africa (ELTOS.A). 
Furth e r d evd opmc:nt was m c1 d e at the 
ELfOS/1 conferen ce o n ln h aca Island, 
1\loLambique, during Ju ly 2002. EUOSA 
u ;rmects country En vironmen tdl Ob:;er­
\'il lul leo N di\Orks (LUN), !h e .African 
dd dpla iion uf L'i El<. (lcmg-te rm ecological 
re": Mch). ·rhe lnternat i,ma l Long-Term 
J::c:ulugical l<. esearch Network (ILTEl\) has 
acceptt:d u : rOSA as a regiona l member; 
dll d curre ntly thrLl.: ELTOSA country 
member, h a ve individual ILTER m em­
bership {Na mibia in 1 9'!9, Za mbia in 2001 , 
Suuth A fried in 2002) and others are work­
i11g tow<~rds m e mbership. 

Thi> positio n paper d escribes the d evel­
opme nt of a v ision fo r EON in sou th ern 
;\ t ried . We outline !h..: i mportanc,~ uf 
clcvdclping EON and list the oppor tuni ­
lie:i thi:; offe rs fu r tlw ndtural and social 
sc ien ces. Fin a ll y, we focus on some 
ch,tllen ges that dCcompan y t h e d evelop­
llle ntof EON in th e region, w ilh su gges­
liOlb lln how I Ll m eet the m. 

EON 

Ll El< io a ll' ell -..:otdblis h e d cone~ pi 
in vo lv ing ecology, ' ·' and it s brodde r 
dpplication in Africa in the ecolog ica l as 
well as socio-economic con tex t is termed 
Lnv ironm~nta l Obse rv atorie:; Network. 
W hile the word 'observa to ries' expresses 
the id ea of m onito ring a t m1 tl tiple fixed 
>ites that is fundarnent<l l to this kind uf 
lo ng-te rm data acquioition, 'netw ork' 

cDepartr nent of Biological Scir.:nces, University of Zambid, 
P.O. Box 32379, Lusako 10 I 01 . Z0111bia. 
1Range and Forage Jnst1tute, Agricultural Rt:searcll Coun­
c il , P.O. Box 101 , Grahc:m::. to•>Jn 6 140, South A fried. 

gHarry Oppenheirner Okavango Restarch Centre , 
Universi t~' of Bols>'Jana , P.O Box 285, Maun, Botswana 
11Faculty o l Science. Univt::rsily of Stl:ilenbosc.:h , Priv.He 
Bag X1, Matieland 7602, South A fricct . 

• A.uii'10r for corrE;spondcr ·,ce. E-1nail: jl lt-nsct·,.:;l@drfn.org .na 

expresses th e in terdiscipli .1ary, multi­
ins titu tion a l synergy and la rge-scale ('big 
,cience' ) scnpe of EON. Finally, EON also 
e>.presses th e long- term scop e and the 
challe n ge of elucidatin g e ve nts across 
landsca p es, species assemblages and 
a t>ons. 

EON, in its generic sense, is a research 
pla tform and information m a n agement 
syotem for multidiscip li na ry, mult i-ins ti­
tution a l and p a rticipatory ecosyste m 
s tudies w ith st r o n g loca l. n a ti onal, 
sub-con tin e ntal a nd global linkages. EON 
tackles the fo rmidable task of improving 
underotanding of ecosystem function and 
ch ,mge, as well as agents of chang..:, to 
promc ie w ise u se a n d m anagement of 
ecosystem goods and ser vices thro u s h 
policies, stra tegies, p ublic a w aren ess and 
enviro nm ental ed u ca tio n. Al tho u gh 
environn1e n ts are COinple>.. .~ ! H.; ...! ,. • .,,n,ir 
w ith ll1 d ll)' inte racin1:_: factors that vary at 
di t fere nt sca les, EON ea !·, prov ide a 
mechanism for effec tive ea rly-warning 
systems and for th e p rhliction of d eleteri­
ous e n vironme ntal char.gt: . 

Data keepers 
Cuod time-series da ta ilno n ecessary to 

address some of o ur m cs t importan t 
q uestions concerning the environment. 
Obtain ing these req u i res s trategies to 
ca p ture pas t d ata elc·c tron ically, m ake 
new obse rvat ions, an d incorporate th em 
into access ible, underst<~ndab l e a nd 
shared da ta a rchives that :.JUild up a 
legacy of inform ation tkot i;: mdependent 
of the w hereabouts and welfa re of the 
con tributou. This, in turn, makes it possi­
b le to obtdin data that no single individ­
ua l, or in st itu tion or generation can 
,tccu m u late , w hil e it s im u l ta n eously 
minimizes d ata loss and redunda ncy. 
These s trategies towards n ational and 
regional en vironmenta l information sys­
te ms m u s t be non-profit orienta ted and 
requ ire syn ergy and good coordination 
a mong m any scien tist:; and institutions 3 

EON th erefore concerns m oni to ring, 
data a rc hiv ing, d ata accessibility and 
sh aring, a m! e nsuring continuity of such 
progrc~mmes. 

Scale 

Lon g-term and large-scale phenomena 
requit e l,mg-lerm a nd largP·<.dle m on i­
toring p rogramm e > Da ta obt"" ·- ~ " ' 
diffe rent tim es and differe n t sites can 
b e compa re d across s pace a n d time . 
Typica lly, the time scale of EON m onitor­
in g extends from sever.ll y~ars to cen tu ·­
r ies (with p re dict io ns ex ten ding in to 
mi ll en n ium-scale prub .. b ilities). How­
e ver, th ey d o also capture e pisod ic even ts, 
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e n vironmen ta l phe nom en d th a t m ay be 
s h ort, ra re a n d un p red ic t,1b k , b u t l:X­

lrem ely illlf.>or l,mt (fur .:xcll llf.>le , .:x trd<)f­
d inary r<t infc1 lls o r dwug h ls, ht.:c~ t - 1\'d \'C:S 

o r d eep frools, fredk s torms o r exlenoil 'e 
ho t fir t'S). Spd tia l ;,:ales ty f.>i c,J!!y extend 
from the siL.e o f a f.>lot or p<~ t ch (for e>.am ­
p le, 1 m' , l ha, l km ' ), acw ss land, ca p es to 
bio m es. N etw orking stretches th e scale 
across subco n tin e n ts, continen ts a n d th e 
g lobe . EON e ndedvo u rs to pro vide base­
li ne d a t,l Mtd infcmn a tio n o n changes, 
incl ud in g h ow chMtges a ffec t dnd are 
a ffected by p eo p le . 

Over tim e , e n viro n men ta l sc ie n ces 
have b~;cume more holistic in their o u t­
loo k, co mbinin g n a tura l a n d s ocio­
eco no mic en viro n m ents into o n e field. 

Th is c ross-sec t o ra l a pproach a ddresses 
issu es rdil ting to s us ta indb!e d e vclu p· 
m en!, b u t <1bo pruv id " s scie nt ific , tTength 
by bd n g m ore in clusive, a ltho u gh i t 
re main s c~n dCad emic cha llenge to mc~skr 

a n d tu .eva lua te . cl h e key i , oy n e rg y, 

w h e re ..:u -u p cra liu u pru dt tCe> g re ,tle r 
products them the su m of th e o u tp u ts b y 
indiv id u ,tl pdrtic ip a nts wurking c1 lo n e. 

Multidisciplinary research 
t)as ic r e se a rch prov id es f ir , t- h a nd 

knowled ge that ca n be trans lated in to 
r.:levzm t in fornution ,\ltd a p pl ied to rek­
van t ldrget g ru u}JS- Such reseM ch io; 
n ecess ary f,n co m ing u p w i th n uvd 
insig h ts tha t w e re not p redicted ini tia lly. 
Know led ge, ,md its c1 pplica tiun , can in 
th is way a d vdnce in qua t, tu mlcaps. ll,bic 
resedrch is th uo iu nd d ,Tten t<d fur dd.1p tive 
a pplied resed rc h. T h e" di , tJ Jh: ti<d1 be­
tw ee n a ppl ied dlld ba:. ic rese.nc·h , h u \\'­
r=ver, is n o t <l iWii )'S clear w ith bi,lJ iversity 
conser va tio n c1nd p ri mc~ ry p roduc tiv ity. 
lla:, ic rcseMch in th e: cun klit uf its ,lpplic,> ­
tiu n i:; esp ecid l!y impo rt a n t fu r diecti ve 
capcicity bui ld ing, becdtb l' th e ,Jb ility to 
cuncep tud1iLe i ~ dS ill tpur t.J n t tu r re ::, ~d rd t 

as io I h e a cqui:.itio n u f oki lls. 

While EON is curre ntly cond uded by 
ecolog is ts rc~ t he r th ,m , ocia l oct..: n tiols u r 
CI..'UlHI IHi :, t:;, tJi L: ll! li i'td ll th:: J fll~ l'tl j::, ~ H h.:' uf 
its cu re•co m ponen ts <Jnd it c,1 lb fo r m u lti ­
d isciplin ary a p prodch es (Bu>- l ). IJu u n d ­
ci ries uf discip line> >h u uld be indi; ti• JLl in 
1lt'd er to ad ch c:oo UJ iil j) le>. c ll vinm m ent,.J 

proble m s, hu \\' t' Ve r, .cculllg i>b c1 bu ne: ~:. ! 

lo d e lve int o ltiotu ry, relig io n , p h iloouph y, 
geug r<q; h y, e co n u J•tics , .t nd po lit ica l 
sc i e nc~ .· S u s t<Ji n <l bk n c~t u r,d resourc ..: 
m a na ge tn e n t in,, >. tri c<l b ly li nks t h e 
natura l en vironnH::' n l c1 nd the s(,cio-eco­
no rnic ~nv iron n1e nt, d::i ha:; bee n the case 

fu r m a ny mil lc n ni" in Altica . C h on ging 
cunditio1 lS in 11d lUI'd i en virunrn en ls that 
s u ]'po rt ld rger c~nd mu re de m a nding 

Box ·f. Typical kinds of pa rameters measured at EON s ites (not necessarily a ll at each site ). 

• Climate : precipitation, tempera tu re , hu midity, wind, sola r radia tion, ocean currents 

• Episodic events: higt1 rainfa ll, long drought, high fl ood, heavy s torm, dee p frost, extensive hot 
fi re, landsliue, volca nic eruption, alga l bloom/red tide, tornado/cyclone, poli tical s trife , 
pandemic , economic depression/boom, disastrous pollution 

• Primary p roductivity: Nett primary productivity (NPP), leaf area index , forest biomass, NDVI, 
pl1ytoplankton 

• Ground truthing : for remote sens ing, for example, NDVI , biomass, precipitation 

• Long-term population dynamics: local and spatia l changes in abundance and demography 
of wild and domes tic plants and animals 

• Growth: especia lly of long-lived individuals (fo r f,xample , wha les , Welwitschia, yellow-wood 
trees, lichens) 

• Phenology: seasonality, deve lopment patte rns, :eproduclive output 

• Biodiversity: species richness , alpha and beta diversity, biogeogra phy, s ta tus of threatened 
species 

• Community composition: ecosystem changes , alien invade rs , bush e nc roachme nt 

• Decomposition: rate of consumption of standard substra tes, amount of det ritus and dead 
wood 

• Weathering : e rosion, corrosion, dune movements 

• Wa te r leve ls: runoff volume, dam level, groundwate r depth, wate r qua lity 

• Greenhouse and ozone-de ple ting gases: background leve l, local volu me 

• Carbo n stocks (gains and losses): s tanding crop, combustion of fossil fuel, fi re preva lence 

• Soil n utrients : organic carbon, nitrogen and phosphorus, light fraction 

• Natural res o u rce use: wate r abstraction, g razing, type and intensity of land use , water, fire­
wood and timbe r, yield of harvest of ma rine and terrestrial plants and animals 

• Sta te o f Environme nt Indices : consumption, emissions , waste production, income from 
pa r1icula r natura l resources, poverty index, we lfa re, health, education levels . ma rke ting of . 
natu ra l products, employment ra te, bio-indica tors I 

• Human demography: density over time and space, age. s tructure , life expectancy, bi rth. ra te , I 
emig ration and immigration, economic and educational status 

• App lication of appropriate techno logy: conservation farming techniques, genetira Hy 1 

modifted crops, unleaded pe trol, clean production technologies ffi~:J 
• Implementatio n of envi ronmenta l policies: environmental impact asses sments , water 

management, pollution and waste , invasive a lien contrcl 
----.-- -··--·------------- - - --------- -- - - - - - -·- - -

hu li\ ,\1\ pupu ld ti uns in d e veh1ping cuun­
tries f.-! .tke lld tttrd l dnd socio-eco noin ic 

o lt>lc~inabi li t y rln,! the ir indica tor~ impur­
t c~ n t i ~:;ues . Fu rth~ ri"J lure, S lt Ch re:,cdn.:h is 

\ 'c ry clusd y li n k<:'d w ith the ne~d tu ra ise 
,1\\'Mene>S a11d to tran ofe r rdevc~ n l Ltw w l­
ed c;c tLJ reso urce llldndg l:'r .:J Jlld incorpo­
Jdle i t in tu policy. ALKim t: n v ironme n la l 
~L ien lists drc gdil-li llg ~.:: >.:pc ri cnce in using 

m u lt id i, ci ]) l in,H y il nd s im n l ta ncu us 
bc~s ic-a pplicd <~ ppwaches and can the re­
fu r.: be ir tllue nl ia l in the g ruwth o f thb 
,1ppro"cl t in l)t!Je r r<'gio n s , ,f the world 
EU I'j is a n impo rt ,111t p la tf,Jl'ln fnr these 
aopec ts a n d it is th e ref,lrc esoe nt ia l tu 
p rumute it in s;)ut h t' r n ;\ tiicd. 

Enviromtlental conventions 
ln the ztfte r m dt!J ,Jf t ir e 2002 Wo r ld 

Su n tn ti t fu r Susta i n <~ bl e D evelopm en t, it 
is importwnl to st ress tha t EON a nd its 
rela ted p ro g rammes (includin,; LTER and 
the G lob a l Te rres tria l O bse r va tio n Sys­
te m, C TO S) a re crucia l to nations a nd the 
inte r n <:J t iu na l cotu rnunity m ee ting the 
goals o f As en d d 2 l . EO N ncp re>en ts a n e t­
lvm k o f p rug ra ttunes dl\1.1 fidd s tatio ns 

th a t m o n i tur e nviro n m e n ts a n d can 
p ro vid e d ata on b aseilne con ditio ns, 
cha n ges and trends, or a la ck of chan ges. 
This p ro vides inpu t o f tim e-se ries d a ta 
a n d rt' fl ectio n o n th e conditions in which 
the Con ve n tions o p e ra te , includin g the ir 
s uccesses a nd failures. Such m o n ito ring is 
an impo r ta nt elemen t i1 ~ th e implementa­
lid n of the U N Conventio n o n Bio log ica l 
D1ve rsity (CL1 D), th e UN Co n ven tio n to 
C u m ba t Dese rtifica tio n (CC D), the UN 
Ft c~ rn e c ,m vention for C lima te C ha n ge 
(FCCC ), the Ra m sa r C onve n tio n o n 
We tl a nd s, th e Con vent io n o n inte rna­
ti o n a l Tra d e in E nd a n g.: r e d Sp e c ie s 
(CJ't'ES), as w e ll as nu m ero u s o the r globa l 

pmg rdmmes, su ch as the Inte rna tional 

Geosphere-Biosp here Prog ra m me (IGBP), 

the In te rna tional H uma n Dimensio n s 
Progra mme (!HOP), an d D JVERSITAS. 

EON the refore promotes th e d e velop­
mei1 t o f the interest, und e rsta nd in g, and 
po litica l w ill in Aft·ica n co u n tries to incor­
pora te the e n v ironment in to in form ed 
d evelo p m •:,nt plan nin g. EON focu ses o n 
p a ramete rs th a t a re good indica tors. Are 
e ffo rts to impro ve w a te r/soil/atm osph ere, 
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or to improve th e bds ic li vin g co nditio n s 
uf peo p le o r biot a w orking ur no t? At 
whi ch ocal e? lluw ca n we make pr.cdi c­
tiuns? \V h a t chronic ckmge' m ay a fk c t 
p eople an d the en vimnm ent in the! tu tu re 
anJ. hu\V Cdll dne obtain earl y w (_1rnin gs? 
il ll lS t reli db le dn oc vers L·a n be g.r in ed by 
exd ntinin g we ll -- do c uJnenl e d l~ ssu n s 

ex tend ing o ve r lirn t:, spacl' ond ecosy:-,­
tems, lesson s learnt from qrr dntit a ti ve 
d,lt d ubt ,lin e ,i throug h monit,Jring d llll 
sy n e rgy a m o ng compatible ins titrrti o n s 
a nd d a td archi ves. EON Cd ll prov i,le thio . 

Developrnent of EON in Afric<> 
Recently, Afri ca h,.r, bee n ir l\'u lvtc d m 

the inkrndtiona l d c:ve lu[mr .c n t, of LT Ett 
Na rnibid IVdS rc: p rcsL?nted dt th e fuundi ng 
uf ILTEI\ in 1903, w hen the llTEK rw rw,>rk 

o ffi ce w ,b co tdb lioh crl in AlbULi llt: r<lllc , 
N ew Jvle>- ico (!lux :>.). A \ isit by lLlLtz tu 
So uth Afri u in 1~%' ' .. m! th e subsequ en t 

vis it by a ::iuulh Afri cdn g r<~up tu llTEW' 
cau g ht th e a ll r: rrli u n llt oevd,d ,-\ tri ca n 
corrnlri e:; and initi ated pLrr1ning ill warcb 
net work fo rmdlirHL ·1 hi , led lll the ILl El\ 
m embers hi p u f 1\ldmib ia irr Aug u:; l l l)'J<J, 
b<r sed on the fo rm a tion o f a u ,tmtt y 
net w or k in Nd nribia (now ca ll ed En virlln ·· 
m e nt a) Obse r va to ri es N et wo rk ,,f 
Na mibia , EONN ). The fir s t u ffi ci,d EON 

centre in ,-\ tri ed \V do th e C:uba be b I ra ir ring 
,1 nd 1\ e:;ea rc h C c2nlr e ir r th e N .. mi b 
D eser t; sev era l additi o n a l potenti a l 
EO NN ce ntre' were itbu iden tified in 
N Mnibi cL 

The South Al ri can LI' El\ nw \ e m e nt 
organized a n lnlenratio n a l LTER Sy rnpu­
sirrm a nd a Na ti o na l LI ' El~ Workshu p in 
1990, in Skuku za, Sou l it ;\ fri ed . fhi s w ,lS d 
landmark ucc<Js ion in w hich the interna· 
lional JLrEI< re prese ntd ti v es d nd fo ur 
Afri can countries pMli cipa ted . L rmbi a 
gdined ll:l ER m embership in Jul y 20111 , 
fo llowed by South Afri cd in Ap ril 2002 

The South Afri can government granted 
funding to the Natio n a l Resea rch Foun­
dation (N RI') to form the South African 
Env ir,,r1m en ldl Obse r v <~tmi es N et w ork 
(Si\ EON) .r nd clw rged it w ith ,e k ct in g 
th e fir ' l So uth Afri cd n fl ,rg, hip UlN 
centre a nd i, lc: nlify in g fu rthe r CM~clidd te 

centres, as w dl ilS op ed rh eading the t: ( )N 

process (rn o g tdlllrne a nd int ras truc:tur e 
cl evelu pme rrl) in Sorrlh Africd. 

Discu , im ts lo wc1rd s a reg i,H1dl EON 

n.:l w<lrk 1ve re i n ili c~lnl irl th e: Au gu s t 
J ') ')') m e.:! in ;.>, in Skrrkrr L1 (four Africa n 

co unlri eo ), dnd full owe clup dt th e Aug u s t 
20ll0 m eet ing in Sn owbird, U. S.A. (five 
cuuntrieo) . t\ tuur of .Am e ricd rl Ll ER si to 
ilnd d m eet in g in \Va :;hin g tu rl , D.C, 
by r e prese nt a ti v es fr o m Bo ts wana , 
Moza m biq ue, N Mn ib ia, Suullr Afri ca a nd 

Box 2 ;~;~c-t~~~s-~f·t~: l n l erna;r~n~ l Lon~ ~e~~-;~~o;c~es~arch ~et:ork ( I LTER~,] 
Th e IL TER Ne two rk was founded rn 1993 .v rth the purpose to 

• Pror.1ote and enhance the understandrng of long-term ecologrcal phenomena across natronal 
a nd regional bounda nes. 

• Promote comparati ve analys is and syn thesis ac ross sites . 

• Facili tate ime raction among partrcipa ting scientists across disc iplines and s ites . 

• Promote compara bility of obse rvation a nd experiments , and integration of research and 
monitoring 

• Encourage da ta excl1ange. 

• Pro•! ide tra rning and education in comparative long-term ecological research and its reievant 
tech nol ogies . 

• Contrib ute to the sc ienti fic bas is for ecosys tem management. 

• Faci litate internationa l colla boration amo ng comprehens ive , s ite -based , long-te rm ecological 
researcll program mes. 

• Fac ilitate deve lopment of such progra mmes in regions where they currentiy do not exist. 

·lanZ<tJ ri,i drrriu g ~. Lry 21101 , cu lm inated in 
the t. m n a lio tr uf ELTOSA. Soon Keny", 
! dm bia ,lJrd Liml>dbwe joined the di scu s­
~ itJJI f o ru1n , dlh.i th e re d r e Jh ) \ V e ig ht 
cm rrrtrib ur vul veJ , dllhou g lr they diffe r 
in o l a tr ~o ( f.1 bl e 1) . During Jul y 2002 on 
frrh acc1 bl dnd , 1\ luLa mbique , lir e fi r:; t 
ELl U S.-\ ,.l nrlll a l gen erdl rr reel ing beg.m 
rurrnrrl a li rJ 0 the mudus Oj)er,ll\di .r rH.i 
bu, ine,s [Jidn ut the I.: LTOSA n e twork. 

EON/L-rER networks at loca l, country, 
reg ioual and yloballevels 

lk ndit s u i EO N increaoe thro ug h its 
fur ;cl iona l networkin g at m a n y levels . 
:Jy ne rgy a nd courdin a ti o n o f llldny scien ­
ti s t,, in :; tilulior b an d othe r s ldkehuld e rs, 

adds c,:mte;, t ,m cl continuity, and provides 
EO N progrc1 mmes w ith a broad , d ynamic 
drh.l ad <J pti ve outloo k. 

W hi le rcoc.n clr progra mm es condu cte rl 
a l indi vidu a l oil es a nd centres f,lrm the 
basi c in g redi e nts , th ey are n es te d a t 
vdlillU S lc ve b (Table 2). lLfER prunr u les 
th e i,! ea tha t co untri es a re a pprupridte 
leve b for it !:i lilutio m to coordina te loca l 
LTER prog ra mm es_,.' Countri es fo rm 

n e tw orks, endorsed by the ir o w n govern­
m ents, a nd thi s t,JC ilit a les their effecli ve ­
ne,s ,urd drrr abilily Country n e tw orks 
i.l rL nt eJn be r,:, of region~d ne lw tldzs, cu nli -

n enl s, su bconlirrents, o r groups of nations 
w ith commo n inte rests. Country and 
region.rl net works, in turn, are affi liated 
to I L'I ER , w hich prov ides guidance 
lhrouglr mutua l consen su s. 

Local ne two rks 
1\n EON ce ntre is a luca l n etwork w here 

fi d d work is conduc ted (Box 3), for exam­
pl e C:obabeb (Box 4). An effective EON 
centre requ ires networking and agenda 
setting by local EON progra mme manag­
ers to m ake their ce ntre known and its 
d a ta access ible and u seful , to attra c t 
expertise from e lsewhere, and to promote 
information exchange b e tween pru fes ­
s ionals dnd loca l resource managers . Its 
functions a re coordination of research 
a nd monitoring at specific p laces; manag­
in g, archiv ing and ana lysing data; dis­
semina tin g informatio n, and education 
drrd outreach programm es. An EON cen­
tre ope ra t~s permane nt field :;ites that 
ser ve ~s n od es fur a ffi lia ted sites w h ich 
may be either ex ternd l to the core EON 
a rea , or b ased on temporary projects. 
EON ce ntres are typically associated with 
fi e ld s tations operated by na tiona l (rc~ th cr 

than fo reign) ins ti tution s tha t can give 
p ermane nce and re levance to a succession 
of resea rch a nd moni toring programmes 

Ta~l e 1. Currenl slarus eA ELTOSA members in Dacember 2002 indical 11 19 whether or not (Y/N) they are ILTER 
lllL;IillJers, l1av.J yovcrnmant c. .:o~ r rl"liltll l t:;nt fur tunc.lrng, are activbly developing a country network, and have 
Jcclar.aJ EOr .j cent rts. 

Coumry IU-EF~ msnrbt;r Own goVB: II IInenl funding Developing cou nt ry EON EON centres 
-------·-·------·--------------·-------
Botswana i'i N y y 

l<etrya I~ I~ N y 

Mozcu rrbique 1·1 I· I y y 

1\Ju.rn ib io y ,,1 y y 

South Alricu y y y N 

Tanzania n 1·1 y y 

Zarnbra ''{ 1·1 y N 

Zin1babw8 '" i'i loJ N 
- ---------·-·-----------------
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TalJ ie 2. 1"-.Jttv,'OI k1ng ui Af t lccln E:OI'J dt iour sc(.d~s . 

AspecUscaJe Si l t! or ce ntr~ Countr y Regi on Global 
--------

Network EO !~ c&ntre (e .g. Gobabeb) EON" , ZamEON, SAEON ELTOSA I LT ER 

Operated by Local residen t rns trtutrons (e.g Natronal con·,rnittee wnh lead ELTOSAcornmrttee (and office?) ILTER membe rs and offi ce 

Networking 

Mo::. t i1 11 pO! lo.nt functions 

Freldwork 

Desert Resea rch Foundation o f inst1tutiun 
Namrbia) 

Among researcltc.:i"S ctr1J trail!- Among eo.:;~ 1hGS u.nd country cul-
bt s lulJOI"atort-

rvtoni tor and conduct fleiJ 
research, coiiE:ct and arL-ilive 
data, provide ddla anJ Informa ­
tion, conduct train1ng and out­
reach 

Conduct researd1 and train ing, 
int6rprct, pub l 1~h 

Data arch1ve, centre meta.Llu.tct 

Facilitate contllh.JHY and opera­
tion of cantrGs, define and 
ra \l i&w corn111on goals, coordi ­
nate site ac ti vi ti es, d a ta 
~hdring, policy relavance 

Enhance standardisa tion and 
quality verifica t ion , c ross­
ct:nl re actiVIt ies 

Coun try metadata connecting 
centre metadatd 

Between countriBS and r&giD11al 
culluboruto rs 

Facrlrtate country networks, de­
fine cornmon vision , coordina­
tion of country activit ies, maxi­
mize regional complement of 
si tes, researcher eAchanges , 
ILTER relations 

Enhance standardisa tion, facil i­
tate lr ain ing, transboundary ac­
IIVII16S 

In formation via common con­
nection of information commu­
nications technology 

Between cou ntries and regions 

Inte rnati o na l col labora t ive 
prog rammes, guide and facil i­
tate country and regronal net­
wo rks, in ternational profiling 

Enl1ance stan dardization, facil i­
tate train ing , global program­
mes 

Guide data management 

Datd s l l<mng pul1cy C en tre-spe c ific, gu1d0d b~' Country-specific to guide cen- Guide countnes Guide countries and regions 
cuunlfy policy 1155 

Researchers Core of local resident resaa.rch­
ers, foreign coila.bordtors, train­
ing of young sciant!.:;ts 

T1aining o f young scien tis ts 
fro 111 count ry, co l labo rati on 
arnong national and fo reign 
fcSodfCh6rs 

Trarning o f you ng scien ti sts 
frorn region, regional and inter­
national collaboration 

International co!laboration 

Training Fi&IJwork anJ Jata rnanage­
rncnt , re.sawcht:rs and tt.chni­
C!i:ifb 

Promote tro lll!llQ at centres and 
idantif)' approp riate candidates, 
f~cilr t ate ava ilability of futu ra 
proctltlontrs 

Conduct train ing in data man­
agement , exchange students 
betv1een count1 ies 

Faci lit a te reg io nal tr ai n ing 
prog rammes, pa rticu larly in 
data rnanag.ement 

FunU1ng requirt::d fo1 Core nwn!IOwlg duld rr1wraue- Comn1unications. mdadctla, rrl -
!llo/11, rd.::.t!drch pr uj6C IS, troirl - icrf'lldllon UJS Solllu1atiun 

Cornrnlmications, workshops, 
inforn ldtiun disseminatiun 

Communications, conferences, 
AGM 

ing, ir;fom tdlion drssdminutliJrl 

Cu rrt::n t pn nci~ul funders In te rna tio n al collabora ti on, 
fund -raising no t th rough re­
search, gove rnrncn t dnd inJus­
try 

Donor dnd govern r118n l -fumlt:: d 
llt,;lo'.'Oik$ 

ILTER, Sou th Afncan govern­
meiJt 

ILTER 

Planning for fu ture: 
potential flmders 

Dono1 s, local programme fund;:; 
(nut1onal scianc0 foun..:iJIIGilS) 

Na t1onal science founda tions, 
f'JL1t1 onal EON off 1ccs 

R8gio n al programmes via 
SADC, IL1ER 

IllER 

lnsti tutronal capacr ty 
burlding 

St rategy for fu ture hurnan ca­
pacity and organizat ional dd­
vr;;lc,pment 

ldan t1fy and promo te ins trtu­
tion s , guide provision o f 
national support, national train­
ing \ ... orl\shops 

Synergy between institut ions i11 

til e region, research er ex­
Cilanges 

lnternatronal collaboration that 
promotes insti tu tion al capacity, 
visiting resea rchers 

and can a lso hlHt:;e th e cLttil Mchi vl':;. 
EON ce nt res a nd p rog r<~ll"ll lle:i h ~ve 

tt o n - l e rmit t~ll lim e h ll ri Lu ttS (' 11 o ott !bt:l 

clctuse', j . Cl,:iZ p e rs. com m.) . A s tro n g 
likelihoud ut per mane nce i:; impor ta nt i, H. 

p lanning new EON centre:;. 

fhruu g h th eir mnnecl iun lu lh.c EON 
ce ntr t:, pd rtn er in.:;t itu t iun:; iJ lL i cas~ 

ca pac ity, oup por t th e d ata Mchi ,·e, dn d 
,;a in acce:;s to prev iou , da lct and in for m a­

ti o n , wh ic h en h ances oynergy an d 
rel eva n ce . Well - funded projects fro m 
fore ig n itt>t itulions, pMiicuLtrl y in d u s­
tri a l na lio m , ca n (a n d are o fte n n ecessdry 
tu) su p pl e men t EU N siks in rdu rtl fm 
gui da n·ce am! ctecess to the d a ta archi ves 
of their hosts. lt is the ro le uf loca l ins ti tu ­
tion s lu coord inate fore ign- luca l co ll a bo­
ral i<J n , a n d lll e tbure th at d <1la a nd 

in lurmct li on a re Mchived a t th e EON 
cen tre. 

LON cutlrl'S ca n be di ver:;e itt tr.tlure. 
For in s ta n ce, in Na mib ia, lh e Etu :, h,l 

Ecu lug ica l Jn s lilu k is o p era ted by a 
governm en t it b li luliun in a nat ional pdrk, 
and the ag ri cull ur,d olal io tb C el lap -Clol, 

Sunup a ne! il·lil e- -± 6 M<: gv' ern ment inst i­
tutions u n olaie land. Gobabeb is also 

>il u it led in a par i-_ and is o p era ted thro ugh 
a JOin t ve nture betwee n gove rn ment 
(Minis try o f En viw ntn cn t and Tomism ) 
a nd a n NCO (Desert l{ esearc h Fnu nda­
lion o i Na mi bia). Eru n gu M ounta in is 
a ff ee lw ld co n servd n c:y a ffili ated to 
Cobabe b. Wa lvi, --Sa nd w iclt -Lagoon are 
unde r joint man ageme nt uf m unicipa li ty 
a nd gove rn ment, a l,o a ffili a te d tu 
GGbctl>eb. 

Country netwo rks 
EON ce ntres exch a n ge informati o n 

w ith e ac h ot h e r to fo rm a nationa l 
n etwo rk. It is a t the country level tha t 
EON m e ta -data bases rea lly come in to 
p lay; the info rmation contained in several 
d a ta Mchives o i EON centres is combined 
an d s tre n g thens the d a ta policy o f the 
in s lituliut:s m a n aging th ese si tes. This 
g ives prac titio ners access to inform ation 
on w ho is m an aging which d ata and w h a t 
th e d a ta access co ndition s a re . Me tadata 
prov id e cont ex t and effec ti v enes s to 
n etworkin g by EO N o n nationa l and 
inte rna tiona l levels . 

lt is a t the level of country n e tw orks tha t 
th e commitmen t for EON is most c rucia l 
io r p rog ra mm es to b e e ffec tive, as the 
kinds o f ins titutio ns associated w ith EON 
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o p er<~ t e nwot e ffect i v el y 11ithi n tlte 
context o f nc~tion,1 l objec ti ves dnd are 
dtfected by the com m itmen t uf th lliun,li 
d eci ;,ion-makers. In o ther words, w ithou t 
country n etworks to bind inter-insti tu­
tional co nnectiv ity through ObJecti ves 
and common v ision, EON would not be 
assured of the compatibility and con tin u­
ity that char acterizes LTER. Coun try net­
works c,lll either opera te wit h d n.lt ion,d 
uffice, as in Sdu th AfriLd, or hel Ve d iedd 
cent re i11 iheir nc..:l\Vllrk tildt l .l ldrdi l l .llt:;:, 

coun try adivilies, "b in N dn1ibic1 . 
Insti tutional and humdn C<ipa,:ity bui i,J­

ing ar.: the rnost ch ,dlen ging f<~c t ors fo r 
the d evelopmen t of EON i n s<Ju thern 
A fricd. It is a priority for each oHrnt ry 
EO N progrc~rnme tu p rom o te ca paci ty 
build in g and to gi ve recomnlend c~ ti,HlS 

f,lr bes t pr,lct ices in th is res<~rc!. El l N Cdll 

unly have d futu re w i th good recr u i tnrc tl l 
from w ithin co untries. Studenb, ,t.ui ing 
at ,;chou!lel ci, , h ould be trait1ed tn bc>­
come practitinners dnd leaders tu con ­
tinue EON into the future. Covernments 
and the public should be made aware of 
the va!u,1ble cont ribution EON is m ak i ng 
to natLHdl resource rn<~nagemen t policies 
c~ nd in facilitating th e> incrernent,d acc•r ­
mulation of know led ge. 

Regional networks 
Country net work, Me rtH.:mb.:r:; o f rc:­

gionJl nel\vurks, e nconl p '"l~ :, i ng geo­
g rdphic g rou p s uf n dt ions; th er e M e 

r eg i o n a l LTER net w llrks in N ort h 
An;eri~a , Suuth A m erica, Asia and l'c~ci fi c, 
the Middle Ea>t, cen tral Eu rope, 1\' estern 
EurofJe, and sou thern Africa. 

All ELTOSA members M e coun tr i c:s that 
ar e prac ti si ng o r i n terest ed in lON. 
Countries are rep resen ted by EON lead ­
ers- ecologists frum w ithin a count ry, c~ t ­

tached to either a natiun al nd w ork office 
or an i nstitution o pera ting a (poten tial) 
EON centre. ELTOSA m embers du not 
need 111 h <l Ve functiunal coun try n et­
works ye t, but sh ould be d evelupin g such 
n etworks lu becom e ILTER m embers. 
ELT O SA cc~n facilitate the estdblishmen l 
of EO N cen tres and country networks 
w here reques ted . 

l'ro p used rll !es o f l:: L.T OSA incl u d e 
improving conn~ec tivity between countr y 
ne tw o iks and tu coor d inate r egion al 

plann ing of EON, in particulil r m ak ing 
bes t use of m u l ti -n,l tiona l p rugram rnes, 
for example, concern ing tran sbuundary 
parks/ecosys tem s, r i ver bdsin s, and the 
atmosp her e. ELTOSA sh ou ld facili tate 
cnllaboration, h igh-quality research , and 
standardization u f rnd hods wher e possi­
ble and a pprupriate. Such regional collab­
llrdliorl i s the be, t way fell' EON cen tres to 

Box 3. EON centre characteristics. 

• Locally responsible environmental research institution that coordinates research and training 
at study sites under its jurisdiction. 

• Scope of long-term tenure of site (decades to centuries). 

• Member of national EON network. 

• overall goals, and research and monitoring projects serving these goals. 

• A core set of monitoring activities with commitment to continue these. 

• Updated detailed documentation of all field and data procedures. 

• Management of shareable data archives and metadata housed within the local institution 
lJased on documented data policy and procedures. 

• l.ong time horizon of monitoring and research goals/ou tputs based at specific study sites. 

• A IEigacy of data and data-derived products at the centre, with good growth potential. 

• Strategy and scope for long-term funding securit{ 

• Tt a•ning strategies and activities for capacity building, primarily targeting national and regional 
future professionals, and secondarily globally. 

• Strategy and acttvities towards ongoing insti tutional capacity building. 

• National and international collaboration. 

• Appropriate information exchange with scientists and students, policy-makers and local 
communities. 

com p l c> Jilen t, rdlher than d up licate each 
otlr ..: J~ ,Jatd ,baring and dissemindtion of 
information are fund am ental to EON, 
dnd t:Jb ll riog tlti, is an importdflt ro le of 

ELTOSA . ELT O SA sh o uld incr ease the 
v i sibili t y o f EON prog r ammes both 
w ithin south ern Afr ica and globally, assist 
w ith advi sin g funders, facilitate the d istri -

- ---- - --------- ---- -- ------------- -------- ~ 

Box 4 Gobabeb Trarnmg and Researcl1 Centre 

• The ftrst Afrrcan EON centre Js Gobabeb 111 Namtbta ' Gobabeb was started tn 1962 as a fteld 
research statton 111 t11e Central Namrb Desert to host researchers and students A range of 
envtronmental tratll lll g opportuntttes and programmes were developed In 1998, the Gobabeb 
Tratning and Research Centre became a non-governmental organization under a joint venture 
between government, represented by tr1e Ministry of Environment and Tourism, and an NGO, 
li1e Desert Research Foundation of Namibia.' In 1999, Gobabeb EON became the :ead centre 
at the founding of EONN and the Namibian membership of ILTER. 

• Data and detailed records of methods and study sites of resident and visiting scientists have 
accumulated at Gobabeb. Continued monitoring by Gobabeb staff follows some projects that 
were originally conceived with short-term goals. The monitoring programme includes climate; 
renewable energy; surface and ground water availability and use; dynamics of dunes, 
inselbergs and desert pavement; weathering; effects and geomorphology of anthropogenic · 
disturbance; productivity, growth, population dynamics and diversity of trees, shrubs and 
grasses, riparian forest, and several vertebrate and invertebrate populations; dynamics and 
management of natural resources for people. 

• Besides t11e core programme, Gobabeb EON also feeds past data into new research. Not only 
research is conducted, but data and understanding gained from EON also form the basis fo r 
field courses, in-service training, environmental education programmes, and are used for 
policy-making through projects such as Parliamentary Environmental Updates and Decision­
Jvlakers' Guides. Today, the 40-yearold Gobabeb Training and Research Centre represents an 
extensive network of researchers and students. Training opportunities include in-service 
experience ancl courses concerning a range of disciplines. In this respect, Gobabeb is geared 
towards training potential future EON practitionets for EONN and ELTOSA. 

• Sites of the Gobabeb EON centre are situated across the Namib Desert and adjacent areas; 
satellite EON sites are the developing research facilities of Walvis- Sandwich Lagoon and 
Erongo Mountain Conservancy. Gobabeb EON sites cross an extremely steep rainfall 
gradient (1 0- 300 mm per annum over a distance of 300 km), ideal for monitoring and address­
ing questions concerning biodiversi ty, desertification and climate change. Data and research 
findings are being incorporated into an electronic data archive, while the extension of physical 
facilities enables Gobabeb to increase services to research and training clients and partners. 
Indeed, most of the research needs to be conducted by visiting scientists, as there are only a 
few resident researchers. 

The Gobabeb EON programme is largely funded th rough income from professional services 
and project overheads. Training programmes, as well as enhancement of institutional 
capacity, rely on donors. Gobabeb is striving to become financially self-sufficient eventually to 
be supported mostly by projects and service provision for training and research. This 
challenge faces rnany field stations in southern Africa without the prospect for government 
funding for EON programmes. 
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Box 5. Benefits of countries and regions afiil iatrng v1i tl1 tLTER. 

• Designa tion as a participating network: in many cases, this will strengthen the justification 
fo r continuing measu rements a t tile site(s) . lt wil l also provide a natural focus for coordinated, 
rnu ltidisciplinary measurements and programmes. 

• Enhanced collaboration: by being included in a global network, the opportunities for 
coordinated observations and scientific collaboration will be much rrnproved. Individual 
networks will learn fro m the experiences of other networks fo r sciance operation and data 
management. 

• Contribution to glo bal environmenta l conve ntions: for climate, biodiversity, deserlifica­
tion, wetlands and endangered species, among others. The participating networks will make 
an important contribution to meeting t11e political and scien trfic objectives of these conventions 
and t11e responsibi lity taken on by their respective countries 

• Enhancement o f the ne twork's impac t: in most cases , tile e ffectiveness of a ne twork's 
opere lion will be enhanced rf others use the collected data. Also, a net'hork's programme will 
benefit by having s tructured access to data from other s imrlar nel 'horks. 

• Facilitation of da ta access: The availability of comparative data from a wider range of sites 
will improve the interpretation of a partrcular site 's data. 

• Incre ased visibility: nationally and inte rna tiona ll y, through participating in t11e networks a nd 
various initiatives . 

• Opportunities for additional funding a nd benefits : although the networks will be largely 
self-financed, it is expected that supplementa l fund ing wi ll be sought for specia l initiatives, for 
pilot projects, and to fi ll gaps in observations. The leve rage provided by JLTER will be helpful in 
making the case for new funds. 

b u tion of fu nds, as well Js assis t w ith fe~d ­

b ack and review p rocesses tu fund .ors. 

ELTOSA m~mbers are Englioh - and 
J'ur tug u esc-opeaking co un tries fr <l m 
.1\ frica Sllltth uf the Eq uator Coun trieo in 
this subcon tinen t drt' alredd y cunneded 
th ru ugh soci<t l, ec<HlCillli c <11 1d c tl\' irun­
menla l n e twork,, g iving ELl OSA a guod 
s ta rting p o in t. While p<~n-Afr i cc~n p <lliti ca l 
n etworks are begin ning to con ntct all 53 
African co untries a t go vernmen t level 
[and EU 'O SA is set to ma ke a signi fican t 
contributio n to the New Plan for Africa 's 
Developm ent (NEPAD)], the n e tworking 
capacity a m ong research a nd trd ining 
ins titu tion s acruss Africa is s tilllirniled . It 
is alsu importa n t fo r EU 'OS.i\. to s tim ulate 
lTER n e twork fo rmation in bo th \Ves t 
and N ur th Africa. 

G lobal ne tworfc 
There are ma ny b..:ndits fu r u lll lill j' 

El 1N n et IV<l r·ks a nd ihc: r~t> i u n,JI ELl ( !:) ,.>, 

n ellvo rL to <r fi il ia te w ith ILl t:l\ (llux 5), 
w hich provides g uid .. nce th ruugh r.ur tu.d 
co u;en sus . ILTER ct JJTen lly h <1s 25 cuun­
try tne mber; zmd sevda l ro.:gion,JI lll etn ­

L>crs .' 1" ILl E!Z provid~o in furl!la ti,Jn dllll 
ddvice, ,1nd dbu i,h:i lit,iles COtlrd indt ion .J{ 

t)l ubal l li'Ot) r<~ rnrn c:s . li spc:c ific,dly "''uids 
bc:ing preocriptiv c:, dvllilb I he: desig n dnd 
u se of stdnd c~rd te llli'I.Jk:, for field work 
methodo, !Jut d ues L' llC<lll rdge s ta nditrd­
iza tion w here p ossible l lTEIZ e mpha­
s iLes tha t projects b e d esigned fo r local 
conditions to pruvid .e effective indica tors. 
JLT U Z coll ,1bo ra tc:s cl,lS ,~ ly w ith o th e r 

g loba l networks s uch as C TOS, !BOY, 
D I V ER S if AS , and JCB P. 1vle t ad a ta 
ttldn agement is a major fuCLJs o f lLTER,11 

and it can hdp count ries to develo p this 
capacit y T h e l LTEI{- iund e d ELTOSA 
1\'llrkshop a nd l i.:I ER-m e tadata course in 
tllt<Lillllbique irllm2 I to 26 Ju ly 2002 was d 

guud c:;,ct mple of st.~t:h support. 

Conditions for EON in Africa 
EON is d evdoping according to African 

n ee d s a nd c a p abiliti es . Few Afri can 
cuunt ries have niltional reoearch councils 
or sc i.once and techno logy minis tries 
m anda ted tu fund ur o ther w ise d irec tly 
support research ins titu tion s, even gov­
ernm ent research d ep artments operate in 
cond ition s o i serious fina ncia l sh ortage. 
\V J,ere full y -fl edged cuu n cils d o n ot 
ex is t (t h i, applies to ,dl sou thern Ah ican 
t:tlltniries c:>..:ept S01 rth Afri ca), n e tworks 
knd lll L,e bt~s~d on .! S~uc i c-u ioJIS be t\veen 
in , tilu iJ u(tS. 

f urtllt::rilh) l'C, beC.t l bC t JJt.:I"C a n .: :Jl) fe\ \ ' 

Afric.1n re :-,edrClH~ i' :, , cull.:tGdL.t tiun ... 111d 

in,ruva tiun a te ,~ ruc ia l tu achieving the 
d 1a lk ni:)ing guab s d by tlt e <~gend,:. 

Cuvernll\en t d ues otrppurt reseMc!t, 011t 
lhio is l.trgely by rcC:Ui:)ll itiun dnd endorse­
m ent. l~overr trtJent ab,l p ldyo an im po r­
l c~ r Jt ru le in pl r~ nn i ng <~nd llUtsomcing 
UJtl\ u iitm o.: nt ; resu lting fnlill th e r.r ti fica­
li on uf e n vi ro n ule rJt a l Ctl r\ v <e n t ions, 
la rgely dunur-funded . The focus of such 
fundin g is on furt h e r in g su s ta inable 
d evelopment di rectly; the fun d amental 
role: uf EON lies in monitorin g th e t'fiects 

o f s uch su pport. 
'I h e grea t n eed to m eet basic human 

req uiremen ts, especia lly food security, is 
g iven lDtJ priority in Africa a n d research 
need s tu s upport th is p rio ri ty. This re­
quiremen t fo r relevance and applicability 
d cJes not d im inis h th e n eed fo r African 
research to be' academically sound, based 
on sound d a ta and scientific analyses. 
Dependence o n natu ra l resources in rural 
a re,Js is n ot o nly a challen ge fo r resource 
man agement, but illso provides o pportu ­
n ities fo r resource use rs to part icipate 
d irt ct ly in research, includ ing record ing 
da ta a Jtd asoisting w ith its in terpretation. 
Pc1r ti cipa tion at the grass-roots leve l 
provides leotrning o p p ortun ities a nd can 
g rea tly facilitate the fulfilm en t o f recom­
m en d a tions r es u l t ing from r e search 
en deavours. User:; o f n a tura l resou rces, 
including som e of th e poorest people, 
become directly involved in m o nito ring 
and interpre tation processes. At the same 
time, to p -level decision-makers n eed to 
be info rmed and become invo lved. The 
rela tively s m all governm e n t d e p ar tments 
a n d sho rt hie rarch ies m ake this goal fa irly 
easy for research in stitutions to achieve. 

C urre ntly human a n d ins ti tu tio n al 
ca.pacities in environm e ntal research in 
Africa a re s till low compared to ma ny 
o the r areas of the world. This can be 
o ve rcom e through p roacti ve training 
pn>gra mmes that focus o n s ki lls fo r 
Africa n en vironme n ta l research ers and 
environm e ntal awa ren ess for resou rce 
m an agers and d ecisio n -m akers. W hile 
insti tutio n al capaci ty grow th w ill require 
m o re concrete support from governmen t 
and fund ing agencies, ins ti tu tions will 
ultimately become m ore self-su fficient 
w h e n m o re highly skilled research and 
tra inin g s t a ff increas e t h e i ncome ­
gen eratin g capabili ties o f insti tu tio n s 
thro ug h profession a l ser vice provision 
and large projects. 

Opportunities and challenges for EON in 
southern Africa 

There a re many opportun rties fur eJ~ v.i­

ronmentdl scien tists to w ork in the fi eld in 
'outh ern Africa . In the g lo ba l context, 
sou th ern Africa repres,'n ts a uniqu e geo­
g ra phic loca tion : there is a g rea t diversity 
o f h a bi tats a nd p eo pl e , i n cl u d ing ex­
tre m es represented in :;evera l d eserts and 
rd infures ts, escarpmen ts and mou ntains, 
woodl and sa vann a s and i n se lbergs, 
p e rennidl a nd eph emera l rin~rs, swam ps, 
lagoons a nd lakes, w arm cora l reefs a n d 
co ld u p welling curre nts, a nd ocea n ic 
islands ra n ging from tropical to uninhab­
ited sub-anta rct ic. Th e region in clud es 
four g lobal b iodiversity h o tsp ots 12 and 
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sever,\1 VVWF ;1 reas of high COJberval iu11 
priority. lvlan y uf th e largest ri ver ca lch ­
nlenls and !dkes a re s h,1red bel\v'""' 
cou nt r ies , provid ing upporlunilies for 
lrdnoiboundary resed rch prug r<:nnmes. 
Sout hern Afri ca con ldins many large and 
fam ous na tio nal parks, game reserves, or 
o ther k inds of w ild erness areas, harbour­
in g not only fa una and fl ora, but also en­
tire ecosystems a nd human se ttlements. 
World -cb ss instiluliuns that ha ve bee n or 
s hou ld be developed into 'EON cenl r ~.:s in 
south e!·n Africa include insliluliun:o al 
Serenget i, l.ake lvla law i, Jnha,:a, lvlarion 
Island, Kru ger- Corongosa, Okavango, 
Cape Flora l Kingdom , lvlap uta land, and 
Gobabeb (to name a few, w ithout imply­
in g that these are the only ones or that 
these should necessa rily a ll become EON 
centres). 

There are a lso many uppurl u n ities for 
EON centres to cove r d iverse habitats 
across the reg io n in a co mplemenl <lry 
fashion. There is d n ~ed to llHlni lllr the 
same kinds ui hdb it,ds dnd pdrdldder> al 
di fferent oiks inurd e r lo fu ll y understand 
the spat ia l dimc:n s iu11o of e(usys knb 
drivers and response mech,misms, ur lll 
rep lica te ouservdl ions. Wh il e lcO mon i­
tors spatia l ohi fls in biomes, vegetdlilln 
types and pl\)du cli vity, it w ill be im por­
tant to relate these to th e dominant io, lll'S 
of climdl e chunge, tvaler sou rc.:s, t bc> Jnd 
needs, as well as land ten ure, land trdlb­
forma lion and la nd use. 

South ern Afr ica h ,b parlicuLH water, 
land and atmosphe ri c co ndilintb lh<~l 

in vite st udy and n~ 'lu i re mon itminb tu 
ddect pallems of ch,lllge . hc>sh wa kr is 
th~ lllLbl illl t)uJ'lanl reo\Ht rce uf ,1ll, <:md il o 
p.:1llnvays, ,')uurLl!.S, rcquireuH:: ut .s, u:,~:,, 

.tbuse~ dnd c~>nsen · dt i un 11 ee d tu L'l L" l1HH1i·· 

tur~d dnd ~tud i cd i nt~lbi Vt: l y, d::i i l is 
fundamental tc> lntllt dll dl'ld ecuoy:okul 
health . C urrent land lranofo rmal iun and 
l,md-use ch ,mges dl'e oppurlunil ie:o tu 
understand the en vironment,d implica ­
tion s ctf ch a ngin g land -u se pattern>. 
Climatt: cha11ge w ill affec t uoth tva ter " nd 
la nd condit ions. ll is th erefore impurldn l 
to n.onilor con tinu ous ly climate , do, 
ind eed, a ll EON sites do. In addit io n, th e 
parli c uldr a tmospher ic co n dit ions in 
so uthern .A fr ica fdcilitatc ca libra tion of 
la rge-sca le prtKes,es, i11 va lu ab le for pre­
dict ions a t glob,ll Scd le, for exa mple, the 
origi n and pa thway of smoke and other 
a tm ospheri c cump,l n en ls lrdced by 
SAFAR 120llll. 16 10 

l{ur ,l l peop le in so uth ern A!ricu depend 
on n<~lurd l rc suur(c:s, a nd n1any of these 
peopl e are pu o r a nd in dire need o f 
im pmved li vd ihoud sec urity. They are 
sulJj ecl tu th e v<~gur i l's o f a n ulready harsh 

en vir,mnh' nt, the >hor lage uf resOUJces 
an, I ed ucd lion lhallhey k we to cope with 
renders th em even more vu lnera ble in 
the lace oi potent ia lly extreme even ts 
caused by cl im ate chang e . Socio-eco­
nom ic-ecologica l research is required to 
ad dress this situ a tio n; indeed , pa rt icipa­
to ry monitoring and research in poor 
rurc1 l communi ties, co upled with aware­
ness and informa tiun excha nge, are a 
good way o f promot ing s u std in ab le 
, levelupment'' EON ca ptures the m uin 
fc1c lur:; in vo lve d in natura l reso urce 
management, pm vides object ive ddtd un 
cha nges, increaoeo the abili ty to lea rn 
frun, the pdst, and improves predict ion of 
en v ironmenta l developmen ts. Thi s 
should benefit the livelihoods of rura l 
com muniti es throu g h education and 
improved env irunmenta l quality result­
in g from either mitigat ion or prepa rat ion 
for ch ron ic ch ange. 

Th e S:\EON re searc h fr a m ewo rkH 
enca p otdat es tll~,e opporlu ni lieo and 
pti urilttes m it :, ldbu la li on of fuu r s lr~Cssurs 

--- cl imate change, lam! transforma tion, 
nutrient luc1di ng, ,1nd episod ic even ts -­
dgd i n~t flJUr r~spo n:Jt: n1 eas urcs ~ bio­
di vero ily, pt imdl'y und secondary pmduc­
tion, di st urbance regimes, a nd nutrient 
fluxes. llu manwdfare and the impact of 
lechthll< >g icci l advances ohou ld be adde,J 
"" lheoe a ffec t the env irunmen t in man y 
di tfe renl \\'d)'S. Tl1e mulli -s~:ctora l ap­
proach tu reseu rch and tra in ing (combin­
ing ooc iu -ec,)JlOJll ic a nd biogeup hys ica l 
aopecls) hds d guod track recorci in su ulh­
ern :\fried and can h,we heuriot ic va lue for 
resedrchers from f11rther afield. 

Suulhern .-\f1ica has Udb id erdb le exi,[ .. 
i nt~ in;., tillltiL)lldi itlflt~ ~ tnrLture in en vi­
runluenl"l fiel d, ll1dl Cd tl hu,[ , f.l cilil ate, 
u !' GeuHllc env irl) llli1L'Jlld l ub:;t.:rvt~tor i cs 

--- field olal io ns, long-term programmes 
Ly tllli l'er, ili.:s, and dunor- or govern­
tnenl -tund ed in :, lilulions. \Vhi le the 
luca ti,m o t lhes~ eo tabl iohed p rogrMnmes 
n eed nul dicldle lh e p lanning of new 
t::UN cent res, it is pragmatic to b uild 011 
c:x i, tin g infras tructur e dnd ex p er ti se. 
Cons idering cut rent financial conditions, 
a nd given the very many en vironmentcd 
issues that requ ire stud y, it shou ld be a 
priority tu bdse EON ndt\'o rks on loca l 
imlilul ions w ith good track records. 

The ma in cl1dll en ges facin g EON in 
so uthern Africa dre o f th e organiza­
tional kind . lt is es pecially importan t lo 
m uint a in loca l leadersh ip o f foreign­
fund ed, long- te rm e n vironmental re­
search programme,; on the: subcontin ent. 
Potential con tribution s by forei g n ­
funded programmes Me apprec iat,,d , but 
t-h ese progra tnn1 es a re S<Hn e li rn es in ~en:,i -

tive towards loca l trad itions a nd sensitivi­
ti es, and intellec tual proper ty rights a nd 
sys te m s, placing additiona l demands on 
the a lready limi ted capacities of southern 
African co untries . 

In summa ry, sou th ern Africa has m an y 
challenging enviro nme ntal subjects a nd 
high -q uality en vironmenta l insti tutio ns, 
providing opportunities for EON to m ake 
a sig nificant impact on loca l enviro nmen­
ta l policies, and to de velop the ca pac ity to 
conduct n:search o f good qua lity and 
quantity. EON also provides a local frame­
work to faci li tate and coordinate interna­
tional 1 esearch collaboration in the fi eld . 

Continui y 
EON centres require continuity to be 

effective in prov idin g long-term d ata 
w ith reflective and pred ictive capabilities. 
Th is requi res security of tenure and com­
mitment to keep monitoring programmes 
goin g a nd to keep th e m relevant. To 
ensure success of EON, yesterday's an d 
tod ay's d a ta and information s ho uld be 
ava il a ble a nd und ers to o d in futur e. 
Skill ed pr<Jc lilioners mus t be recruited to 
ensure the s uccession and gro w th o f EON 
in southe rn Africa. EON requires several 
levels of n etworking to cont inue to be 
o perational a nd adap ti v t: . Improved 
prospec ts of fundi ng for research a nd 
tra ining in southern Africa w ill be required 
for fi eld sta ti ons to continue collec ting, 
a rchivin5, sharing, and interpreting J a ta 
a nd dissemi na ting informa tion. 

Data archiving and sharing 
EON ba nks on data . EON centres re­

qu ire pl•ysica l ami tec hnica l fac iliti es a nd 
experti se to give data a fut u re. Good data 
mandgemeJ 1t m echanisms need to e nsure 
tl ,e ava ildb ili ty and correc t interpre ta tion 
uf.data beyond the professional life-spa n 
of individu al EON prac tit ioners. For d a ta 
to be useful fo r a nalyse> a nd inte rpreta­
ti o n, th e loca tion and me thod of collec­
ti on mus t be known and the d a ta must be 
access ible, CIS documented in m e tada ta. 
EON ce ntres should arch ive original fi eld 
data books and m anage electronic d a ta 
and metada ta . LTER sites elsewhere in the 
wo rld have ex tens ive exp erien ce and 
so ft ware for th ese fu nct io n s, 11 which 
can e ithe r be adop ted or gu ide loca l 
a d apta tion. Mechanisms must be in place 
to facilitate access and understanding by 
persons and projec ts o the r than those 
co llec ting da ta, so that data cdn serve 
several p urposes for differen t use rs now 
a nd in future (fm example, comparison 
uver space and lime). Data-sharing poli­
cies mus t be in pbce to guide access by 
multip le users (see Box 6) . 
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Box 6 . Example of benefi t of data sllating, SAFARI 2000. 

SAFARI 2000's data policy is based on open data st1aring, cooperation, and synergisrn " 

All SAFARI 2000 data are made available to all SAFARI 2000 participants through open on line 
storage or submission to the Regional Data Centre. Access to some of the data at the Regional 
Data Centre will be limited to registered SAFARI 2000 part icipants for a period of 18 months 
after completion of the project. SAFARI 2000 data are placed in tile public domain, except tor 
commercially restricted or copyrighted data. Originators may specify appropriate restrictions to 
data sets deposited at tile Regional Data Centre. Any scientist wishing to participate and benefit 
from SAFARI 2000 must register with the Regional Data Centre and be approved as a participant 
by the Science Steering Committee. Registration requi res an explicit declaration by tile reg is­
trant to abide by the SAFARI 2000 Data Policy. 

After registration as a SAFARI 2000 participant, i nv~estiyators using data generated by ot11er 
investigators should request permission from til e data onginator and offer eo-authorship. Given 
that collaboration signifies t11e spirit of SAFARI 2000, joint publicat ions between in-region and 
out-of-region scientists are especially encouraged. 

SAFARI 2000 participants participate actively in data sharing. First, they inform SAFARI 2000 
of their primary and derived data holdings ill rough the registration of metadata as soon as possi­
ble after collecting or procuring a data set. Second, when primary data reduction and quality 
checking procedures are complete, or secondary dala products are stabilized, pari icipants 
make such data sets available to other participants. Tile meta-database facilitates the rapid 
sharing of information between part icipants by assembling descriptive summaries of all 
research activities in a searchable index. Such information allows for I he identification of poten­
tial gaJ)S and overlaps in 1t1e SAFARI 2000 data archrve and may aid in the avoidance of redun­
dant field efforts. The metadata entries can be made publicly searchable, even though the data 
sets themselves may be copyright restricted or restricted to SAFARI 2000 participants. 

Training 
Tech nical and prufess ion,ll std it' is re­

q uired l o opera te EON cen tres. Although 
there are sume potential EON cen tres in 
sou thern Africd, several require fu rther 
perso n n el d eve lo pmen t to reach the 
capacity need ed to become fu lly- fled ged 
EON cent res. The stdff of an EON cen tre 
woul d ty pica lly consis t o f a director, 
residen t researcher(s) and students, d ata 
manager; field a nd da ta assista n ts, and 
educa tors. A regional pool of fu tu re 
pract itioners needs to be d eveloped on an 
o ngoing basis. Traini ng cou rses and 
p rograim11es o f in-service train ing should 
be d eveloped and held a t formal tr aining 
institu tions (universities, polytech nicorb, 
co lleges) and at t'Xis ting EON cent res, dlld 

Box 7. Some suggestions for EON training. 

• Training approaches 

Cd ll iilvolve experienced foreign practit io­
rl e rs (io r examp le, thro ug h l LT EI\ ) . 
Va rious training initia ti ves in the region 
shou ld develop partnerships and cuordi­
ndle with each othe r. Training should 
focus on field techniques, datd manage­
ment, analyses and in terpre ta tion, and 
appllca tion (see Box 7 for some sugges­
lions on course conten ts). Such training 
s hould be d irected a t p os tg rad uate 
studen ts, as well as existing EON centre 
s ta ff. Multid iscip linary cou rses would 
further the broad ex perience required by 
EUN. Principal inves tiga tors will in fu ­
ture continue to be recruited from mas­
te r ' s o r d octoral gra d ua tes, some of 
who rl r rn<~y hi1ve done their thesis work at 
LON cen tres ,]:; pdr t of p rogrdmmes 

A: courses focusing on EON-related knowledge and skills. 

B: in-service training and internships. 

• EON field technicians: the A- Z of field data, climate, t·JPP, plant growth, tree and shrub 
phenology, animal abundance, population structure, community composition, diversity 
indices, water availability, soil condiiion, geornorphologrcal processes, atmospheric composi­
tion, experiments. planning new data sets, instruments and their care. 

• EON data management: data book management, rnetadata management, data computer­
ization, quality assessment and control, electronic data archiving, data sharing policy, interne! 
publication management, managing computer hardware and software upgrades. 

• Environmental indicators: what to indicate, choosing good indicators, monitoring over time 
and space, determining thresholds, detecting change of state, spat ial data analyses, trend 
detection over time, data display, publications, information dissemination. 

• EON applications fo r natural resource management: introduction to multiple disciplines, 
linking science and local communities, techniques of information excl1ange, identi fying limiting 
resources, monitoring natural resource use and availability, participatory research, informa­
tion dissemination. 

coordinated expressly for that purpose. 
The success of EON programmes should 
help to p rovid e job opportunities and to 
a ttract good students, but recruitment 
can also be improved through bursaries, 
good p ublicity thro ugh environ men tal 
educa tion , and the professional ad van­
tages of gaining multidisciplinary experi­
ence th rough EON. 

Network coordination 
The bdsic bui lding I:.locks of EON are 

EON cen tres, local ne tworks of sites, 
r~s~archers and in fo rmation technology. 
However; cen tres are strongly d ependen t 
on fund ing fo r ac tu al a ctivities a nd 
can not secure I he pathways fo r obtain ing 
ft!nds themselves; networks a t coun try 
and regional levels are required to achieve 
this and to guid e the overall direction. 
Coun try networks defi ne the characteris­
tics of EON in their country and have a 
powerful influence on the ability of EON 
centres to o pera te in the lon g term . 
Members can affec t the ch aracter o f 
count ry networks, but the regional and 
g lo ba l n etworks ca n a lso a ffect th e 
count ry charac ter. As co unt ries, rather 
than institutions, are the smalles t units of 
EON, this is the first node that needs to be 
considered . For small countries, it may 
not be affordable to have separate EON 
count ry offices, and it would be more 
cost-effective to cond uct these functions 
through EON centres, as is the case in 
N a mib ia. ELTOSA wou ld ultimately 
benefit from a regional network office, 
e ith er residi ng at an EO N cen tre or 
coun try office in the region, or at 2 ;.,rger 
offi ce, such as SADC-ELMS (En viron­
men t and Land Managemen t Sector; or at 
its successor in the Food, Ag-riculture and 
Natural Resources Sector). EON practitio­
ners, however; must remain key players 
in the development of ELTOSA for it to 
be effective. In other w ords, fu nd ers 
should firs t be g-uided through the cur­
rent bottom-u p discussions in order to 
s treng then EON in the region, althou gh 
sume funding for regional ne tworking 
will also be requ ir~d. 

Funding 
Based on actual experience, to operate 

tl: e pmgrammes of a n LON centre such as 
Gobabeb, lnhaca, Okavdngo or Serengeti, 
requires in the order of US$100 000 per 
annum. This es tima te is s ubstan tiated 
by exp er ience in several coun tries in 
southern Africa and also in other conti­
nents. This amount is sufficient for small 
prog ra mm es w ith a sm a ll staff (see 
above), field transport, equipment main ­
tenance, d ata management, and commu-
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nicatiun ior the EON programme, ,md 
does no t cover m aJur new acquisition> tor 
es tablishing EON progr,1111111b, ur es tdb­
lishing and maintaining infrastructure of 
th e fidd s tation itself (which requires 
many times this amount) . Sa tellite siks 
operate with less funding, but these ,ites 
du incur additional manageria l costs to 
their parent inst it utions; funding a t such 
si tes depends on many fa c to rs, bu t 
US:ii25 0110 would b.e d re,\SlJ I1.lbl.e '"tillldle 
Fundin g is <~!so required hll· co un try 
ne twurking ac ti vi ti es, w hich indu,ks 
co mmunicat ion, tr,mspor t, and a tte n­
dance or convening of meetings. Given 
the cl1ronic sh ortage o f fund in g f,ll' 
research in southern Africa, fundi ng can 
in some cases come throu gh training 
programmes linked Ill EON. Also, nlllch 
of the ftrnding need s I ll come frum inkl­
lldtiond! sources. Active coll dburdt iLlll 
w ith foreign scientis ts Cd n he lp to sustdin 
EON proj ec ts. Furthe rmure, it is possible 
to obtain donor funding ba,.;d un th.e 
importan t f11 nction EON has fur improl'­
ing the global know ledge base, ds well <~S 
the critica l ability tu ..:valuate dtrd pr.:d iLI 
fac tors a ffec tin g , u s tdinablc: d e,·elo p­
rnent. Strdtegic pl,rnning is re,tuired by 
L:LTOSA ~ nd its member co u n trie, lu 
d.cv..:lo p acme of EON ccn tr<e> 1\' iilr sufii­
cic:ttl iu11ding. 

EOl\J for Afdca 
Th e En v iro nm e nt a l U bserv,llor i.;, 

Network represents a new <lppr'<lach in 
Africa, but it incorf>uraks and integr,HL:S d 

leg,1 cy of etl\' ir,Hun ..: n t,r! prugr<~rnmeo 

a nd previons ini tidti ves in thi, d ir..:ct iun. " 
in its fitld , L:ON is currently th e: l<.enai, 
~anc~ in ,'-\fri G1. 1u ll is lktSed on i1npru\·inc; 
the th eurd ic:a l u n derstanding o i the 
e nvironmen t dnd s imult ,rneu u, !y iril ­
proving the ,lp)Jiicaliun of this knowl­
e d ge ior >LISi d inaL !c d evc!lup m c: rlt , 
making bc>l us.e of t \\' Ll plll ' c: r iul sc ic n I ific 
a pproc~chc>s -- b,r,ic ,md ''f'plied re>cML h 
J'his greatly p romote:; iu fo rmcd pul icy­
ll1dking and \v is..: enviro1 tlllcnta iiildndg~­

m ent . 
Alth,;ugh Et..:l'US.A i, >t ill en rbryonic, 

and m oot m enrber coun tries du nut yd 
have form<~! networks (T.1ble 1),1' there i' 
a lread y suffiLit' ltl llll!illcntum a 11101rg ,rl l 
ELTUSA m e mbe rs to proceed w it h d 
regional netw,>rk that w ill Lrcilit .r te the 
furth e r d evelopm ent ui t ON cent res 
a n d cou ntry net w orks . Funddntent a l 
chall enges at the oubd Me obtaining 
commitment, politicd! wi ll, dnd fund ing 
from governments and regional bodies 
such ,\S SA UC tu pronwk fON as an 
en v i r,,nmerdc~l }>rogramme th<lt rep re­
sen ts .1 u>llectivc lll inslilul iuns tha t wil l 

proviLi.e invd!uable infurmatiun ior policy 
d..:,.i>iuns. For EU OS/\ to achieve this, it 
:;}r,,uld furm d C(ire g ruup thdt d evelops 
>l rdtegics and promotes wu ntry-speLific 
a nd rcgiu n a lly releva nt programmes 
through field statiuns with current and 
p o tenti al c: n vironmental monitorin g 
sites, with the capacity to Mchive d a ta and 
>upport training and research . This core 
gru up wi ll r.equir.e dedica ted resources tLJ 
CMry ou l the,e functiuns and tu guide 
proopective prugra mme su pporte rs in the 
region even if the profes;,iona l m embers 
o f the cure team a re them,;elves EON 
prac titioner, bcr,ed at indi vidua l fie ld 
stations in the area. 

ELTOSA's basic m le is to facilitate the 
ability of countries a nd fi eld sta tions to 
develop EON Cd pacity in a coord inated 
,1\t,i clim plementary f,r,hion dnd to f,>Cus 
llll em·it"<mmen tal ind icators required for 
identifying and predicting critical changes, 
a11d fur future p lanning and re\' iew of 
,u,tc~ it table devd opment. 
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