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OZET

Gininmizde kiyi ekosistenmherinde artan kidilik sorunainn iyilegtinlmesi ve
sirdird eblir bir havza yoéneti mrnin hazilanmasi gttikge daha fazda 6nem
kazanmaktadr. Sirdird ebilir bir havza yonetim sistend; havzann codrdik
durununu, i Ki mi, meteord gik yapisin, jed gik durununu, hiddgik 6zdlikein,
sosyo-denogrdikyapi sint vet imbur arinhavzadaki su kaynak ari Uzeri ne etkil erin
g6z dndne bt eg k hirsistendr. Béylebir sisenn d usturd masi nda Cogdr &i Bl g
Jstenn, CBS bilylk kdayiHa sag anaektadr. Bu ¢dismada pld bdge darak
Tirkyé nin glneybatisinda yer dan Koéycedz GA - Dd yan Lagunu sedl mglir.
Bd ge kar magi k, hassas ve d nanik br yap ya sahi gdir.

Cdismada, hir havza yoéneti m nodei dusturuken geredi d an kaynak ve veri
envanterinn ¢ katil nasi, verilain CBS ortamna akt aril nasi, tenatik kadman arinn
dugturd masi ve sorgd anmasl, pld bd ge Uzeri nde yapil mstir. Kara kokeni bl gl e,
ayn zamanda toprak andiz sonud arl, anatoprakicerig, toprak tig ei, toprak dt
gudar, aad kdlanim ve dge toprak Ozdlikeai kamandar darak
gorsdlegtinil mgtir. Bu haritda cakiginlaak bir “Aaz Verilai Dederl endr nme
Tabosy” dusturd nustur. Bu tadoda her bir istasyonda andide de
gercek egtirld § nden verilein dogrd anmasi da yapl mstir. Aaz degerlendrne
¢dismd a1 bir bd geninkdlan mpatans ydi hakki nda bilg ver mektedr. Dd ayisi il g
bu cdisnmd a bitlnesik havza yonedi m stratgileirin bdidenmesinde 6nenhi
asamd ardan biri d ant oprak-araz degerl endril nesi ne yer veril ms ve bu konu ndaki
¢dismd ararehberlik edecek timasamnd ara deginl mgtir.

GCdisma ayn zamanda, AB ye grne sired yasayan Ukemzn bitin esik ve
sirdird eblir havza yoneti m konusundaki eksHigri de dgderne anmacin
tag maktadr.



~ LAND ASSESSMENT OF
KOYCEQ Z LAKE DALYAN LAGOON WATERSHED
TOWARDS | NTEGRATED PLANN NG AND MANAGEMENT

SUMMARY

Remed aion of inceasng pdliuion prodens a coastd ecosystens and
estaldishnment o a sustanad e watershed managenment have nowadays ga ned
ineaest andi nportance. An effident wat ershed managenent systemcons dersthe
geographic condtion of the watershed dinste meteordogc staus, gedogcd
condtion hydradic properties, sod o-denpgraphic strucue and dso takes ino
accourt the i npact o these facdas on the recaving water and on the water
resources. Ceographicd Irfo metion Systens (@S higHy contribute and adto
acconplishthe estadisment of suchsystem Use of G Sisone of ut nost si grifance
asit dlowstotransfer newdatatothe system to devd op vari ous scenari os andto
shareirfo nation

Inths study, Kéyced z Lake- Dd yan Lagoon watershed, | ocated a the sou hwest
part d Turkey, is sdected as the pld regon The regon has a qute conp ex,
sendtive and dynanic srucue

InthHs study, the requred resourceinvertay, data cdledion and gathering and
transfer of datato @ § estalish ngt het hensticl ayers and querri es ar e conduct ed
onthe pld reg on during t he for mati on of a watershed managenment nodd. Land-
basedirfo netion are dso visudizedinter ns of | ayers cons ging of sdl and yses
resuts mein sdl groups, sdl types, sub-sdl groups, |and-use and ot her sdl
charad eridics. These maps are overl adtofaorma“Land Data Evd udion Tab € . In
thstad e the vdidation of the currently conducted and yses are d so done. Such
land evd uaion stud es give ani deaont hel and-use patentid of aregon Therefae
inthsstudy, enphasisis g vento sal-and evduati on whichis an essertid aspect
indaeermringthe straeges of inegaed wat ershed management and d so pa rts
ou dlthe gepstha wouldad as agudetod mlar gud es.

The study wlil a the same ti ne saidythel acking experiencefo sustanal e and
inegdaed wat ershed managenent i n Turkey whichis d so one of therequrenetns
o European Unon (EU.

vii



1 I NTRODUCTI ON

Decdi d ons onl and use, have d ways been a part of the evd uion of human sod &y.
Int he past, | and- use changes dften canme abou by gradud evd uion astheresut
o many separa e deddonstaken byindvduds I nthe nmore crowded and co npl ex
worl d of the present, they arefrequently brought about by the process of | and use
p ann ng Such g ann ng activitiestake pd acei n vari ous parts of the world, i nd ud ng
bah devd opg ng and devd oped courtries. It may be concerned with converting
environnmentd resources to new kinds of productive use. The need fa | and-use
p ann ngisfrequently brought abou, however, by chang ng needs and pressures,
invd v ng conpeting uses fa the sane | and

The function of land-use g annngisto gu de dedsons onland usein such a way
tha theresources o the environnment are pu tothe nost benefidd use fa man,
whil e conservingthoseresowrcesfarthefuwe Th s g ann ng nmust be based on an
understand ng bah o the naud emvironnent and of the kinds of land use
envi saged. Ther e have been many exanp es of danageto nat urd resources and of
unsuccessfu land-use enterpises through falure to take account of the nmutud
rd aionsh ps bet ween | and andthe uses whichlandis put. Itis afunction of | and
assessment to bring abou such undersgandng and to present danners wth

conparisons o the nost proms ng ki nds o | and-use.

Inappropricce land-use leads to indfiden expgdtaion of nawd resources,
destrudion of thel and resource, poverty and o her sod d prod ens. Thelandisthe
utinate source o wealth and the foundation on which many dlizations are
constructed Sodey must ensuretha landis na degraded and tha itis used
accord ngtoits capadtyt o saidy hurman needsfa present andf u ure gener dions
while dso mantdaringthe earthis ecosystens. Part of the sd uiontothel and- use
prold emi sl and assess hent i n support o rationd land- use @ anni ng and appr opri e e
and sustdanad e use of naud and human resources. Land assessmert is the
process of pred dingthe use patertid o land on the basis of its atribues. Avarigy
o andyicd nmodds can be usedinthese predctions, rang ng fromquditdiveto

quartitaive functiond to mechan sic and spedficto generd.



Land assessnent whichfor ns part o inegaed wat ershed managenent, may be
defined as “the process o evd udion o | and perfa mance when[thelandis] used
fa spedfied purposes’ (FAQ 1985), or as“dl methodstoexpgdanor predidthe use
paentid o land’ (Van Diepen et d., 1991). Onceths paerntidis deter mned |and
use pannng can proceed on araiond basi s, a least wthrespect to whatthel and
resource can dfe (FAQ 1993).

Thus, land assessnent is atod fo straegcland-use dannng It pred dsland
perfa mance, bah in terns of the expected benefits from and constrans to
productive | and-use, as well as the expected emvironnmentd degradation due to
these uses.

Land assessnent is ony part o the process of land-use danning Its predserde
vaiesin dfferent drcumstances. Inthe present context, | and assessment days a
mgj or part intheidenificaion of a ns, famd aion of proposds, recognition and
ddinedion o the dfferent types of | and presernt inthetarget area and conpari son
and assessnent o eachtype of landfor the dfferent uses, whichisthen uilizedin

devd o ng nanagenent draeg es.

Land use p ann ng and land assessnent cod d be done fa the whd e country, for
provinces, far ddrids and dsofo wat ershedsin detal. Geographcd infor meti on
systens (Q §isthe nost effedivetod forland use d anni ng andl and assess nert.
The term"geographc infor metion system! is curertly apdied to comput eri zed
i rf a nati on st orage, process ng, and yd ngandrerievd systenstha have hardware
and sdt war e spedficdly des gned to cope wth geographcdly ref erenced spati d
dat a and correspond ng atri bu ei rf or mation Spatid daaaare commonyintheform
o maps dep dingtopography, weter aval allity, sdl types, farests and grasd ands,
dinste gedogy, popuaion |andownershp admndraive boundaries,
irfrastruct re (H ghways, ral ways, dedridty or communi cations systens), ec The
capallity o combiring dfferent napsin a singe operaion known as "overl ayi ng',
is one of the nost i nportart G S functions, together wth noddling and site
sdedion Thus, nowadays, GSis used wdely as an effedive tod for |and
assessnent throughou the world ind ud ng Turkey.

Inths study, |and assessnent is seen as one o the essentid parts of i ntegra ed
wat ershed management. Frg, inegaed wat ershed managenent is defined The
rded, G@GSininegdaed watershed managenert is nmentioned and some r ecent
apdicaion exanp es are gven Hndly, aland assessnent studyis donein detal
the sd edt ed wet ershed nandy, in Kdyced z Lake-Dd yan Lagoon Wt ershed



11 Sgnficance o the Wor k

Land is an esserntid nauwd resouce bah for the survivd and prosperity of
humans, and far the mantenance of dl terestrid ecosystens. Over nillennium
peof e have becone progress vdy nore expertin exd dtingl andresourcesfarthar
own needs. Theli nits ontheseresources arefinte whilesod ey denmands onthem
are nat. Increased demand, or pressure onland resources, shows up as dediring

crop producti on, degradation d | and qudity and quartity, and conpetitionfor | and

Attertion shou d now befocused ontherd e o humank nd as stewards rat her t han
exd dtes, charged wth the respond blity of safeguardng the righs of fuue
generdions and d conservingland asthe bas s o the d obd ecosystem

Inegaed wat ershed managenent straeg es have ani nportart rd ein sustd nald e
p ann ng systens andland use gdanringis one of the key concepts o inegaed
manage ment systenmns.

An effective land-use danning is based on land assessnent processes. The
rdiallity of al and assessnment process can be no grea er thant he dat a on wh chit
is based ldedly, recent and updated data shodd be oltaned to answer dl
questi onsra sed by t he study, dthoughti ne and expense usudly prevernt ths be ng

done asthoroughy asitis poss e

The essence of | and assessnentistoconpare o nmatchtherequrenents o each
paertid land use wth the characderidics of each kind of land The resutis a
measure of the sutahlity of eachtype o |and-use far eachtype of |and. These
sutablity assessnents arethen exanmined under thelight o econonic, sodd and
environnmentd consi derationsto devd op anintegraed wat ershed managenment for
the sdected area When ths has been done devdopnent can start in an

accd era ed manner.

The pld area of this study isthe watershed of Kbycedz Lake - Ddyan Lagoon,
locat ed a t he sout her nwest part o Turkey. Part ofthi s area has been dedared as a
Sped d P aedion Areaandisone of the sendtive and vu neral e coastd reg ons of
Turkey. Th s workfor ns an exanp efor better evd uaingthe current environnent d
situaion assess ngtheland use sutallity and constituing ani nportant part of t he
inegded wat ershed managenent fa the sd ected area It wll dso act as a gu de

fa those who wart toirtiade aland assessnent study.



12 yectives and Scope o the Sudy

Inordertodan and devd op anintegra ed wet ershed managementina susta nal e
manner far the managenment o land and water resources, a dealy fa mi aed
oh ectivei s necessary. Oncethe olj edtiveis dear, detdls of the conponents o the
p an wll beg ntofdlinop ace Op edives aretyp cdlyscd e-dependent and wll be
dfferent a the naiond, sub-naiond, and locd levd, bu they should still be
conmp enentary and na cortrad dary.

The manoljedives d thissudy ae

* to nanage dl the data about the pla area, like geographicd data
met eord og cd data geologcd and geonorphd og ¢ dat a flaa andfauna of
thereg on sdl drudueec;

= tofocus onthe daatha are essertid tothe land assessment wth the
technd ogy d geographicd irfa netion systens (A 9;

= tosearch ou and nmake maxi numad therecent sdl daausng G S

= toi npgenment sal suwvey and make maxi mum utilization of sdl datat hrpugh
as

= to nmake aland sutallity assess nernt.

Al these ol ectives are fufilled resdted in a conprehensive database, which
provides usefu ifo mationfor agricdtue farestry, landuse danning fo inegaed
wat ershed managenent, environnmentd praection and many o her apgicati ons. The
datacdlecedinthe database dl owf or dfferent ki nds of spatid and yses, which are
necessaryi nl and managenent. The dat abase has been devd opedusing AcG3 S a
comnmon G S sdtware package, thusit wll be easyto conhbi nethe dat abase wth

aher daases eigingorinpeparaion fa avarigy d dffeent apgicati ons.

The preparaion o a such dat abase adds futher vd uetothe study. Further nore,
th's dat abase cou d be an exanp efa ded 5 on- nakers and p anners deding wth
wat ershedrdeaed prgects.



2 | NTEGRATED WATERSHED MANAGEMENT (I WN) AND GEOGRAPH CAL
| NFORMATI ON SYSTEMS (G 9

21 1 WMand Oy ecti ves

| WM invdves the coord naed managenent of land resources of a wat ershed
undertakenin such a way to opti mze the |l ong-ter mpr a ection of these resour ces
while maintanng the watershed environment. Fguwe 1 shows the overdl

conponentsfa anl WM system

Public Involvement

A

Institutional and

l.ezal Requirements
L 4 L J

‘unding arrangements

Development of
Management System

Fgure 21 Adraegc approachtol WM( ESCAP, 1997)
The ojedives d anl WM systemare

= Encourag ng proper managenent o the country s resources, whchind ude
naud aeas faess mnerds agicdtud and urbanlands, wet e and

a her resources;



= Pronotingthe sodd and economc wdfare o the community;

= Sharingthe respons lility for environnmentd fdann ng bet ween dl levd s of

government; and
= Providng opporturities for communityinvd verent in gdann ng

| WM systemi s concerned wth providng condtions or gu ddinesinthose areas
wherethere are paertidi npacts onthelandresources, inorderto mnim zet hese
i mpacts and mai ntanthel ongter mi tegity and productivity of theresources. The
concept o | WM may beincorporaedino aseries dland-use d ans.

These pans shoud detal the physicd resources of a watershed and the
environentd i npacts, such asloss o productivity, degradaion o | and, reducti on
o weter qudity, ec tha shoud be conrdled so as to proceed on wth proper
devd opnent adi\ti es.

22 Devedopnent o | WM

The preparaionof | WM straeg es may i nvdvetwo prind pd d enents. aninventory
o physicd resources and a series o ineprdive maps of combnaions of
resources. These straeges wll provide a bass fao gannng purposes and

environnentd evd uati ons.
The corefuncions o anl WM are
» |nventoy d land resource da g

=  Deter minaion of spedficationforthe estadishnent of condtions attachedto
the use o theland

= Devdopnen d draeges and pri aities;

= Coord naion bet ween argan zati ons (ESCAP, 1997)

221 Inventory of Land Resource Data

Land resources can be defined as indudng dl the d enents of the physcd
emnvironment whichirfluencethe paenid fo |and-use They, therefare refer nat
ony to the sdl o eath mantle bu dso to rdevant feauwes o ged ogy,
geonor phd ogy, landfams, di nmete hydrd ogy, veget a&ion and fauna



The managenent of suchresouwcesin anirtegated and eff ective manner, needs a
detdl edi f o netionregard ngt he nat ure quartity and qudity of theser esources be
avadlade The cdledion and presertdaion of suchirfo netionisthe purpose of

nat urd resources survey a resourceinvent ay activties.

23 Bvduation of | WMUsing GS

Over the past twenty years, the increased amount of resource evd uaion and
assessnment data from the various types of remote sensng system much of it
avalade dredlyin computer-access de far mat, and the increasindy w despread
aval allity of lowcost conputer equ prrent, has encouraged the devdopment of
techriques for the archiving andyss nmappng presentaion and visudizaion of
such data Where these technques rdae to the cdledion andyss and
presernt d&ion d geographicd daa andirfa netion, they are cdl ed geographi cd

irfa netion systens (GS).
A G Shas fou fundiond conponents, whch conprise

= A daainpu subsystem which cdleds and processes spatid data from

sources such as exi ging nmaps and renot e-sensing i magery;,

= A daa storage and retrievd sub-system which organizes data in a
struduredformand dlowsitto beretrievedinvariousfo ns fo subsequent

man pd a&ion andyss o dsday,

= Adaa nmanpdaion and andyds sub-sysem dlowngthe nodficaion or
reargan zaion of daaaccodngtogvenrdes and providng a basisfao the

prepar aion and nan pdation o nodds d the geographic aeg

=  Adatareporting sub-systemcapal e of dsfdaying dl or sd et ed parts of the

data baseinchosentabd a o catographicfa mets.

A key advantage of the @ S approachisthat it per mtstheinegaion of a wde
range of categories of data andthe nmergng or overl ajing of vari ous group ngs of
data which grealyfadlitaes the use of the datafar design danning or pdicy-
indenentaion purposes. By way of exanpe, pdans o urban and industrid
devdopnent can be superinposed on topographic maps and pans of
comrmuni caion systens. Af uther key advantagei sthat the G Ssystemper nitst he
aggor egati on of spatid and attribut e dat ai o nodd s o t hel and or resour ce systens
under i nvesti gati on and provi des a basisfarthe s md & ed oper di on of such nmodd s
accardng to a varigdy o scenarios as a basis for gdannng management and

prodd emsd v ng



2 4. Recent Applicaions of Various!| WM S ud es

2 4.1 Applying Geographi cd Irfor mati on Systens (G 9 to Environmentd and

Resource Economcs-United Kngdom

This work, from United Kingdom illustrates t he functi ondity provided by @ S can
consderady enhance the incopordion of spaid issues wthn appied
environmentd andresource econonics(Bateman et d., 2002). However, it nmust be
enphasisedtha a G Sis na a universd panaceafo i nproving data andyss.
Indeed, t he qudity o resuts obt d ned, depends upon arange of fadascomnonto
any quartitaive andyds, such as the accuracy o the inpu ifa netion the
approprideness of the data structures usedto storeit, andthe chd ce of and yticd
tod s enpl oyed Inaddtionthe appicaion o GSinroduces a set of new concerns
that i nd udei ssues of spatid represernt aion and dat a confi derti dity. These nmetters
are dgrificant and warrant sone cons der &ion here

Dec sons regardngthe appropriade spaid daa scde levd o data aggregaion,
andfrequency of measurenent nmust be made a anearlypdartinany @S andyss
(Chrisman 1997). These dec dons are na trivid, andi ndeed may have a si grifi cant
i npact ont he manneri nwhi chtheresuts uti natd y obtd ned can beinerpreed On
atheordicd levd, the appropriade urits fa spaid andyss depend upon the
questi ons bd ng asked (R ndfuss and S ern 1998). Fori nstance, i ssues of popu aion
travd and mgaiontendtotun onthe dedsons o indviduds and househd ds,
whil & questi ons of equity of accesstoemvironmentd qudity mayrequreandyss a
the scde o ne ghbourhoods. Indeed sone prodens requre cons derdion a
multigd e scd es. For exanpl e enquriesino changes inland-use and |and cover
tydcdly requre s mitaneous irfornetion & the levd o the indviduds and
househd ds that may own theland thelocd admn draion bodes tha regu ae
land-use and meake dedsons concerning irfrastrudcuwe and the regond
governnents tha ddae straegc devdopnent straeges (Rndfuss and Sern
1998). I n practice however, the presence o li mtaions regard ngthe aval aldlity o
data often has at | east as great i fl uence onthe chad ce of aggr egati on empl oyed as

does any theor eicd cond der aionregard ngthe appropriaeness o dfferent scd es.

Incases whererenuotd ysensed dat a are be ng empl oyed t he char act exi stics of t he
send ngi nstrument wlil placethe grea est li nitai ons onthe spaid scded andys s,
asthey wll daaethe resd uion o the avalablei mages and t he frequency wth

whi ch measurenments can be nmade ( Ryerson 1998).



Recert i nprovenents in dhlian satdlite systens mean tha i magery wth a
resd uion of 10 meters or betterisincreas ndy common, dthough even at thefinest
levd sthere can be dfficdtiesin deter niringthe |l ocation of olj eds such as utility
lines and transportaion ifrastruduwes, o in dgingushng sultle land-cover
dfferences. Further more, froma sodd perspective thereis certardy norenote
send ng unit equvdent totheindvidud, and house- hd ds can ony be i dertifi ed
fromt he | ocati on of the buldngs wthn whichthey resde Where vecto datat ha
has been d gtisedfrompaper mapsis enp oyed, thenthe scd e and detal present
wll be dependent upon issues such asthe precison of the d gtisng process, the
scde of the orignd maps and thar degree of cartographic generdisaion (the
sdedive depdion of oljedives so as to preserve visud daity). Hence the
topd og cd rd dionsh ps deg dedinthe G S may be a cons derald e s ngificaion of
those present inthered worl d

Even in cases where the scde and resduion of data are acceptad e futher
li mtaions may arise as many spaces wthn which sod d iteracions take p ace
cannat be easilydepdedina @ S cartog aphic dep dions of thered worldtendto
represent physicd ertities, nat sod d activity spaces. Wils some sod d units, such
as urban areas or ddinea ars o | and ownersh p do have a naud geor €erert, the
mgj arity do not. For thisreason, the ddineation of spaces such as communities or
ne ghbour hoods can be prod enstic. Thisissueis comnony drcunvented by the
use of pre-exi ging aerid urnits such as census tracds. However, such units have
often been devd opedt o expedtel ocd adnin srati on activitiesra her t han ddineat e
areas of a particda sodd character. An dternaive and nmore soph sicaed vi ewi s
to defi ne na ghbour hoods based on sone measure of nohility. In say, a devd of ng
worl d setting wheret he chi & econonic activityi sfar ning andt he pri mary means of
transport aioni s wa k ng t he ddi nedion of a ne ghbour hood based on a measur e of
wa king d sance may be sensde However, as nodes o transportaion evdveto
enal etravd over ever grea e d sances, the validty o defi i ng ne ghbour hoods i n
ths way becomes questionad efa many purposes. Inthe USAthe average daly
commuti ng d ssanceis nowa nost 30 kil orretresfromhone t o workd ace ( R ndf uss
and Sern 1998). A question arises as to whether such spaid scdes shoud
constitute ne ghbourhoods. Even in studaions where ne ghbourhoods can be
ddined ed based ontravd to work nmeasures, the urits generaed wll undouhtedy
contan manyind\dud s who arei mnobile or areunal etotravd norethan a short
d gance fromthar house. Hence perce ved neighbourhoods wll be present a a

w de range d overl app ng spatid scd es.



There is raher little understand ng of how conpl ex spaid struduwes such as
overl app ng ne ghbour hoods can and shod d berepresentedina @S Asduionto
thsprodemistorepresent feawes a a higHy aggregat ed scd e by depictingl arge
geographicd units wthin whichit may be assumed tha sodd activity spaces are
mor elikd yt o be confined However, many pat entidlyi nportart process may nat be
vishe a these highlevds o aggregation |ssues regardng the abstraction and
represertaion of certan aspects o the ‘red’ world by dgtd means are by no
means unqueto G S the matters are universd in many ki nds of i rif or metion system
(Martin 1996). It nust neverthd ess berecogn sedtha the assunptionthat a sing e
ob edive redity exigs and can be measuredis a nave view the chaces made
regardng the way in whchinfa nmation wll beincoporaedinothe system wll
d ways be grounded in ether suljedive or arbitray reasoning Hence any G S
represen aion can oy provi de a sd ective vV ewd redity.

A secondissuefo the apficdion of G Stechndogestothefiddd environnmentd
and resource econonics concernsissues of data corfidertidity and accesstothe
technd ogy. Renotdy sensed data areincreasndy beconing avalald efor public
use, fosteingthe ahility of researchersto dscerninever nore detal thefoaprints
o econonmicdlyi nportant activities (Rndfuss and Sern 1998). Thistrend, coud ed
wththe growng aval alility of sod o-econonic datatha has been d saggregatedto
smell geographicd areas (an exanp e beingthe oupu o nationd censuses of
popu aion), means tha there are increasng opporturities to link observed
environnent d fea ures such asthe changeinuse of parcds d land, wthther sod d
drivers. Whlg ths capadty fa linkage is undoubtedy openng up many novd
research poss hlities, itis d so gener a&ing new corflids and uncerta rti es. Athough
there are sonme legd precedents regardng privacy rights wth respect to high
resd ution aeri d pha ography, t here are many unresd vedi ssues o i rt er nati ond | aw
Even in countries like the UK tha have rd aivdy wel defined data pradection
leg ddion itis und ear whet her the providon of postcodes constitues a breach of
spaid corfidertidity. Inthe USA concerns have been expressed by | andowners
tha datafromrenotdy sensedi nages and ysedi ntheresearch environment cou d
be used to expose confidentid i rfar meti on regard ng | and- use practices, possidy
reveding to governnment ofidds tha those practices are vidding |and-use
regu aions (Rndfuss and Sern 1998).
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In addtion toissues of data corfidertidity GS have been critidsed as be ng
undenocraic duetothe fact tha thetechnd og es and thdar assod aed data are
generdly ony avalad e to‘dité indvidud s situatedin commera d, adnni strdive,
and research environments (Rcdes 1995). Recent advances, such as the
devd opnent o interneg based @ Ssd uions may partidlyred essthese concerns.
However, the fadt renmsins tha, whilg observaiond research may be somewhat
inpervious to ths andyds prgeds invdving the devdoprment o narket
ineventions or thosethat may pay adrec rdeinpdicyfo netion do carry equity
rd a&ed concerns.

Not wt hst and ng t he above caveas, thereis we bdieve very cond deral e scope
fa the continuing devdopnent o QS apdicaionsinthe fidd o environmentd
econonics. Thetechn ques drecly address many df theli nitaionsi n data handing
and noddlingthat have restrid ed previ ousi nvestigations. Asillustrated byt he wor k
presertedinths artide a wde varigy o research papers have been produced
us ng @ S based technques duringthe past few years. These exenpify howt he
functi ondity provided by @ S packages dl ows the researcher toi ncor porat e spati d
conp exity drectly wth napgications. The ahlitytoi ncorpor a e det al edi sochr ones
irtotravd cost stud es, to assess what can and canna be seenfromeach property
ina hedonic pridng study, or toindudethe aspect and ein nodd s o ti nber yidd
and to conduct dl o these various assessments in an autoneted fash on,
congtitites a substartid i nprovenent in the data avalablity and consequent

robust ness d dl such stud es.

Itis wites bdid tha further advancesinthe computi ng power and f unctiondity of
A S packages will simulae devdopnent in futhe areas of emvironnentd
economic researchinthe fuue A the nonment one particdaly active area o
devdopnent concerns techriques fo the production o virtud redity
representaionsfrom@ S dat abases. Such Mrtud Redity G S(VRA § systens are
begningto be marketed These dlowthe two d mensiond oupu o tradtiond
systens to betransfamedinothree d nmensiond “virtud’ environments whi ch can
be vi ewed or expd ared by users (Hsher and Unwin 2002, App eton et d. 2002). The
devd opnent of VRQA Sopens upt he poss Lilitytoconvey environment d i nfa mati on
innew ways, and may ddiver particd a ben€fitsin expressed pr ef erencetechn ques
such as cortingent vd uati on and chd ce experi nents wher e such systens cou d be
usedto ddiver scenarics depgdingthelikdyfuure staes of emvironnmentd goods

be ng cons dered
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Further nore, a current enphasisontheintegdaion o G Stechndogesino World
Wde Web sites wll open up nore opporturities fa the sharing of bath experi ence
and data andfor the des gn of newsurvey nethodd og estha are ald eto capture
much nore heterogeneous sanpes of indviduds tha it has been possitde to
ind udeinthe past.

Thi s paper has sought to higHight to environnentd and resource econom ststhe
great paertid which GStechn ques ofe fa incorporaingthe spaid d nmens on
inoappiedstud es. The dverdty o stud es d scussedillustra est he great fl ex blity
and apdicallity o such techn questo arange o issues. Such apgicaion offersthe
paertid to dggrficartly enhance the ahlity of economsts to successfuly
incaporde the conpl exity o the environment wthn thdr enpiricd ana yses.
Indeed the promse of A Sistotunthe spaid d nens onfromoneto be ather
ignored or inadequatdy represented ino a key denent of enpiricd econonic
investi gations o thered worl d

2 4.2 Monitoring and Assessment of Land Use Saus by G S Turkey

Thereis boundto be corflia over | and use ( Qzcan, 2002). Denmands fa any ki nd of
land use are grea e thanthel and resources aval ald e I nt he devd of ng courtri es,
these demands becone nore pressing every year (FAQ 1993). How peop e or
nations use thdar | and depends on conp ex inerdaedfacas whichind ude the
characteigics of the land itsdf, economc factars, sodd, legd and pditicd
constrars, and needs and olj ectives d theland users (FAQ 1980).

Many currert | and use systens are na sustd nal ei n devd of ng courtries as t hey
contribue to the land degradation prodens. Cons dering the ever increas ng
popu aioninthe devd op ng courtries, thereis ani ncreas ng urgent needto netch
land types and land usesinthe nost raiond way posslde so asto maxi mze
sust d nald e production andt o sati ythe d verse needs o sod ey whil e conservi ng
fragl e ecosystens (FAQO, 1993).

Monitaing the spaid and tenpord changesinthe Land Use Types (LUTs) and
find ng out cause and effect rd a@ions o the changes arethe crud d i rfor nati onin
det er niri ng whet her or nat thel andi s used patentidly. | naddti on t he know edge of
thel and sut akility assessnment i s one of the aspectsfa sustd nald e agriculture The
set o i rf o meti on neededf or t hel and evd uaion cod d be grouped as: phys cd | and
resources, sod o-econom cissues and presert land use. Gat hering and evd uaing
these dat ai n convertiond methods cod d beti ne consunming, costly and suject to

some erasinpocess ng da a
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That causes some dfficdtiesinland evd uaion and nontaing the changes of
LUTs. Therdae many |land evd uaion conpue nmodds were devd oped by
Schuthink (1987), Van O epen et d. (1988), Rosste and Van Wambeke (1989),
Y zengaw and Verheye (1995), and Zuhd (1999). Monitaingis usudly conduct ed
us ngrenot dy sensed dat a and ground observaions. These dat a can be evd ua ed
dthe manudly (Qecan, 1998) o by the use of recent technd oges such as
Geographiclrfo mation Sysstem(G § (Kosnas e d., 1997, Thwaites and 3 a e,
2000) tha may reduce the processng ti me and the erras. Further nore | ager
areas cou d be assessed easly andrapdy. Using G S enald es deddon nakers
and researchers to nonta the changes in LUTs and o her changes such as
environent d, sod d and econonicd stuaionsresutedfromt hel and use changes.
In Turkey, there are somel and evd uati on andl and use g anni ng st ud es. However,
they are nat practicedin red life anditis nat a common practiceto use @S
techri quesin nonitaing and assessnent o land use staus, ye itis pracicald e

The prindde oljectives of ths paper areto monta and assess the spatid and
tenpord changesinLUTs by using @ § andto deter mnethe mai nfact ors aff ecti ng
the changes. The paper d so a nsto det er nine whet her t he present | and use st & us

confa nmstoland paertid o nd.

Inthe study area far mers needt oirriga e agricdturd crops growni nt he periodfrom
April to Novenber due to the lack o rarfdl. Three mg o sdl series were
deter mmned Canakad, Aiki and Mursd, ou o which Canaka and Mursd series are
higHysutade(Sl) fa dl knd d LUTs gown paentidlyinthereg on

Twel ve dffaent LUTs wereidertified Corn was the nmost wddy cutivated LUT
because it needs | ower production costs and labor. Produced maps showed t hat
LUTs changedin space and ti ne. Spatid and tenpord changesin LUTs coud
cause serious prod ens at t he peakirri gati on season, esped dlyinviewdf irri gati on
and drdnage cand capadty. Asindcaed by other researchers, spaid maps of
LUTs depided hi gy d ust eri ng attri but ald et ot hef ar mer’ s habit and nel ghbor effed.
Monitaing of LUT change codd be used fo future devd opnment and renmodeing
stud es.

Land sutaldlityresutsind caetha Canakd and Mursd series have S1 and AriKi
series has S3 sutallity d assesfor dtrus g ant d&ion patentidly. Mat ching sdl series
maps wth dtrus dantation maps denonstraed tha the land was not used
accordngtothe patentid. Land sutaklity assessnment showed tha if any far ner

uses AiHli series fa dtrus gataion a 40%yiddreduction wou dlikdy occur.
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Documented actud dtrus yidd daa uphddthe conduson Consideing dl the
fadas affeding | and sutallity, benefit/cost ratio and econonicd condtions in
Turkey 58%adf landis na used at its patentid. Thefindngs of ths study cod d be
enmpl oyedi nt he areas wherethe agro-ecd og cd and econonicd stuaions arethe

same asthe sudy aea

2 4.3 G ShbasedInfor metion Howin a Land- use Zoni ng Revi ew Process-

Ta wan

This work, from Ta wan, describes a geograph cd i for netion system( Gl §-based
i rf a rreti onfl owf or al and- use zon ngrevi ewprocess (Lin 2000). G Stechnd ogyi s
enmpl oyed nat onyto edit and d sday maps as conventiond G S appications, but
d sot o enhance work qudity. These enhancenent si nd ude an exg a dion of hi dden
irfa metion, the production of terntdive zoring maps, recognizng paeridly
prod enstic areas, conducting crudd dte investigdions, fadlitaing infor native
pubdic hearing and preserting paterntid pdides.

Inthe case of the Yang- Mng Shan (YMS) Nationd Park, Ta wan, a G S based

irfa nmati onflowis enpl oyedto ass & intheland-use zon ng revi ew process.
This G Sbasedirfa netion syssemreved s severd feawesind ud ng

= anew noreconpicaed and &f edtiveirfa nati on fl ow

= dose coord ndion d computi ng and nonco nputing sub- processes,

= priar identificaion of over and under-regud eéed areas to avad paentid

apped s and corflids
= economcd and efedive dteinvesti gaions,
= paerid pdides estadishedfa bah piva e and pubicland

A S based i fo nation flow as shownin Ag 22 takes advartage of the G S
technd ogy by fuly uilizng the spatid i fa mation and extensvdyineracting wth
the nonconmputing i famation, indudng | andhd ders appeds, puldic hearing

comnittee op nons, and Steinvesti gati ons.

After otarningthe dgtd daases and spaid aiterig thetechn ques d spatid
andysesin GSaeenployedta

= construct ten aive zor ng naps;
= identifythe paentidly prod enstic a eas;
= test “what-if’ rd dions,
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= propose possle pdidesfor the areas of dasses 3 and 4in devd opal e

Zones.

overall field surveying J

appeals,
public and

committee
*

¥
digital base maps
topographical maps
geoiopgical maps
fand use mape

spatial non-spatial

( Zoning criteria

opirions

brilding maps
road system maps
iand price maps
S2eMic areas Land use areas revised
historical sites preseved areas tentative site zoning
protected areas zoning inve sti:ratinn’; plans
\L conserved areas maps - (maps and
terived information developable areas - policies)
stegp areas
ecelogically sensitive areas
accessible areas
settlements * irdicates noa-computing informat.on
& # irdicates noa-CIS-based computing nformation

Fgure 22 G Sbasedirfor meti ond fl owi n zon ng revi ew process (Lin 2000).

A Q Sbased land-use zoring review process tha is described in this artide
denonstraaes a feaslde approach to integae conpuing and nonconputing
processesres d nginthe zone g anning The G S based conput aiond flowi i es
a poss dei ng enment aion of @ ann ng support systensinthefuwe Thswork d so
denonstraaes how spatid criteria can be spedfied in an operaiond way.
Particd aly, concepts o accesd lility, settlerment d usters, and veget ai on-sensiti ve
areas aedaifiedintenms o G Sconput dion

However, the Q S based process may be nodfied o i nproved if addtiond
dat abases or newtechnd og es are avalad e Further nore the case of the YMS
Nationd Parkillustraedtha G Stechnd ogy hdpedthe gannng agency ala. By
ad usting the work flow, provdng suffident irfor metion and andyz ng patenid
prodens in a systematic way, nonconpuing processes, indudng fidd
investi gati ons, puldic hearing and zone panrevew proceededinfo netivdy and
efedivdy. Ths experience is encouragng It is expected tha the GIS based
process can be futher generdized sotha na ony aher nationd parks bu dso
generd dty dann ng can take advantage d G Stechnd ogy.
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2 4.4 Landscape Information System A QS Approach to Managing U ban
Deve opnment- Sout h Korea

Inthe case of the Seou,the captd o Souh Korea, Landscapel rfor metion system
(L9 9 is enp oyed to manage the urban | andscape i for netion and and yze t he
visud inpacts o proposed devdopnent prgeas (Ch 2001). Enpl oying
Geographicd Ifo nmation system (GS and conputer graphics si mu aion
techn ques, LS Sperfanms suchfunctions as, i npu and managenent o graph ¢ and
atiribu e dat a query and yses of atribuesrd aedt o urbanl andscape d ements, and
visud i npact (Mew obstruction) andyss o devdopnent proposds as gvenin
Fguwes23 24and 25respectivdy.

- Graphic data 1 Attribute data —| Landscape images |
Development plans Figkd surwey Photographs and
Maps of landscape Docurments landscape images

resources and s e
viewpoinis T Devalapmant limis
v Y
Scanning Seanning
Y L4
Vectorizing Transforming
v H to TIFF format files
Transfoming
to WG format files

— LSIS —

i Establishing relationships i
....................... ...... Babeeen graphic dala and .‘...
i attribute data

! Establizhing relationships |
......................... | between graphic data and image|e-—-—-——-——

{bit-mapped) data
hd
Visual impact sssessmeant

¥
Qutput

Fgure 23 Datainegaionfa LI S(Ch, 2001)
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[ [ [ [ ..
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I | [ | _
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I [ [ . A
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I | I
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I [
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Input
Fgure 24 Manfundions d LI S(Ch, 2001)
< ; Perspective Appraisal of the
Vlfewshed ana‘|y3|s ; : generation: Superimposition degree of view
or surrounding Viewpoint . ; - ; -
Developmentlp areas ofthe  »| sclection [ simulation of the of images: > obstruction
proposal e ieinniification) project(s) from proposed project(s) +
d gv el% sl identified + existing landscape Other visual
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Hgure 25 The process o vsud i npact andyses wthin LS S( Ch, 2001)
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The L9 Sinth s study was devd oped withthe am of be ng a s grificart tod whi ch
can mean ngfuly cortributeto practicd and effident urbanl andscape manage ment

o locd governmerts.
The contribuions o LSS may be referred as fdlows;

Using LSS a conpherensve landscape andyds can be inpemented by
inegding various | andscape datain a systematic manner. The apgicdion of
computer techniques like G S and conputer graphics s md aions to the urban
landscape andyds and managenment process, inthe formof a ded son-support
system can hd pto s ndify conplicaed visud andyses. Thsintuncan dlowfor
rapdand accurae appraisds d i npacts d proposed deved opnment prg eds.

I npacts onthelandscape by devd opnent prgects can be preddedineradivdy
and conparisons wththe s miaions of “before’ and “dte” can be presented

visudly, fosteringthe production d nore sound resd uions.

Long-te mchangesint hel andscape can be constantly nonitaredt hrough updati ng
dataregu ay, and vu nerald el andscape resources can be effedivdy managed by
conducti ng | andscape andyses and apprasds in advance. |In fad, substartid
portions o the dat abase of LY Scan beregu aly nma ntdned by o her i ndependert
souwrces due to data shaing and thereby improving the effidency of data

manage nernt.

Exaninations can berendered on visud aspectsinthe urbanl andscape, as well as
falegd rd evancy of devd opnent proposd s, such asissuesrd aingtoarchitedud

and d ann ng regu &i ons.

Sod d, econonmic and denographic aspects, usedjanly wth LSS can hdpto
provide prdessonds wth a nore through undergand ng on howto successfuly

cope wthincreas ndy complica ed urban | andscape nmanage ment prod ens.

2 4.5 Assessing Poll ution Rsksto Water Suppl yIntakes Usi ng Geographi ca
Infor maetion Systens (@ § - RBitdn

Thi s paper (Foster and Mcdond d 2000), hasillustraedthe paentid apgicdion of
geographicd ifa nmation systens to the assessnment o risks to a puldic water
suppdyirtakein Bitan The exanp es gvenindude G Soverl ayt oi dentify areas of
paertid hazard the use of G Sinthe probabilidgic moddling of risks, and the
pred dion o streamwater qudity. Thefunctiondity d the G S has d so been shown

to be sutald efa the derivation o raw wet e nornitori ng stra eg es.
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The approaches described inths paper illustrae the paertid use of conputing
techriques, and @ Sin particda, in pdluionrisk assessnent fa weter resource
praecion The patertid for such approachesto be appiedto dl stages of arisk
assessment process has been idertified Geographicd irfa nmation systens
ther &f are have cons derald e alilityt o enhance pd| ui onri sk assess ment t hrought he
starage, andyss and managenent o environnmentd data Two QS software
packages have been utilised together here each wthindvidud strengths and
weaknesses. The Mapl fo soft were provedto be vitdintheandyss o therawdata
duetothe ahlitytocomb ne cdls based on bat ht heir geogr aphi cl ocation andther
assod @ed atribues. In addtion the desktop mapp ng capablities of W NGS
combi ned wththeinnovation o G SLAB provdes redidic paertid fa the out pu

froma pdl uionrisk‘expert system to be avalade across a carpord e wdeirtrane.

Thi sresearch d so denonstra edt hat t he conputing power nowcommon y avalald e
on desktop and | aptop PCs hasthe paentid to andyse and d sd ay geograph cdly
rerenced out pu fromenvironnmentd nodds andfo thisifa nationto be made
avdladeto a sigrificant number of users across al arge uility conpany, i nd ud ng

mohil e and hone workers.

2 4.6 Sustd nab e Land-use Ranningin Protected Rurd Areas-ltdy

The study ( Senes and Toccdin, 1998), is concerned wth evd uaingthe poss Llity
o extend ngthe appicdion o the nethodto an area such asthe’ Parcodd Serid
ltdy , characteized by an environment richin naud feawes bu pradoundy
modfied by human irtervertion in order to define a ‘dan o the environnentd
precondtions to be adopted during a sustanab e pannng process and which
indcaestherestridions andt he paentid fa devd opnment of hunman activities (wth
particd a regards totourismand recreaiond activties)inrdaiontothe ex sing
environment d resources andthe ecd og cd stallity of theterritay. Th s apdi cati on
o the Utinae Environmentd Threshdd UET, method made use of the G S
techndogy far the andyss and processing of the daa acqured and the
presert &ion o the resuts.

The a mof the study wastoidentifythose areas sutad efa the expand on of the
human activities dready present wthinthe park conpatide wththe aklity of the

environment to absarbthei npact the vari ous activiti es.
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The prg ect invd ved the fdl owng phases:

= |dentificaion and evd uation of the resources present inthe territay, wth
particd a referencetothe nat urd resources of wet er, sdl, veget ai on, fauna
and | andscape and the hunman resources expressed the various | and uses,

= Defirition of the activities to be devdoped inthe area wth particdar
dtertion beng padto reddentid, industrid, agricdtud and recrediond
devd opnents;, and the subsequent andyss of the inerd dionships
bet ween resources and activitiesin order toidertify the demands and the
effeds o the devd opments, which are presertedn graphicd fomin
Fgues26 27and 28

= Defintion andi dertificaion of t he ar eas sutald ethe expans on dof t he various

activities.
RESOURCES
Wa Soil Land Use Natural Vegetation Fauna Landscape
ter
terrestrial )
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Residential
Industrial (quarry)
= | Poplar cultivation
= |
-?n Cereal cultivation
< Dairy farming
. | Fishin
g 2
g

LEGEND:

= Basic resource, necessary
|:] Useful or indifferent resource
- Incompatible resource
Hgure 26 Environnentd resources required by human adivities, Matrix1
(Senes and Toccdin, 1998)
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RESOURCES

Industrial (quarry)

Agric.

Poplar cultivation
Cereal cultivation
Dairy farming

Fishing

~  Common and with bad quality

Wa Soil Land Use Natural Vegetation Fauna Landscape
ter
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Residential : 2 ;

Trekking

Camping

LEGEND: |:| Impact not significant

Impact not much significant and revertible

B significant impact

Fgure 271 npacts d human adivities on environnmentd resources, Matrix 2
(Senes and Toccdin, 1998)

Inthelast phase the areas sutadefa hosting the devd opnent of the vari ous
hurman activities wer ei dentifiedi nrd a@iontothe li mtsi nposed by t he resour ces of
the naud and human environnment present intheteritay (Pad éti & d., 1989).

Tothisend theifa mation conta nedinthe synthetic map of eachresource edted
duri ngt heresource andys s and evd uati on phase wer e processed wththe Q S(pc
ARCINFQ through an overlay procedure utiliazng the criteia emergng fromt he
matrices. In ths way, a dgtd map is obtaned contining dl the possde
comb naions o theresource maps (pc ARCI NFO cover age).
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Cereal cultivation

Agric.

Recr.

RESOURCES
Wa Soil Land Use Natural Vegetation Fauna Landscape
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o
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B Dl AIlB]C
Residential S Sl
Industrial (quarry)  §
Poplar cultivation w

LEGEND RESOURCES IMPACTS SYNTHESIS
(MATRIX 1) (MATRIX 2) (MATRIX 3)
RESOURCE NOT COMPATIBLE NOT POSSIBLE
RESOURCE NOT COMPATIBLE NOT POSSIBLE
RESOURCE NOT COMPATIBLE NOT POSSIBLE
IMPACT TOO HIGH NOT POSSIBLE
IMPACT TOO HIGH NOT POSSIBLE
LOW IMPACT POSSIBLE WITH ATTENTION
LOW IMPACT POSSIBLE WITH ATTENTION
IMPACT NOT SIGNIFICANT POSSIBLE
L IMPACT NOT SIGNIFICANT POSSIBLE

FHgure 28 Synthes s o the rd aionsh ps bet ween the resour ces and the acti\iti es,
Matrix 3 (Senes and Toccdin, 1998)

Conparingtheirfo mation deriving fromt he conypil aion of the matrix of syrthes s
wththsdgtd map, itisposs detoidertifythe areas sutal ef o expans on of each
type of human activity, the activities may be devd opedinthe areasin whichthe
exiding resources are conpatideinterns o avalallity and i npact sensitivity
(Huyck, 1993).

This prgect denonstrae tha the phlosophy o the UET met hod adapted tothe
Itdi an situaion can be very usefd far a sustd nald el and-use d ann ng Infac, the
condusve resuts o the appicdion can represent the basis fa a dan o the
environnmentd precondtionsto be adopt ed during the d anni ng process and whi ch
indcaes the restridions and the patertid fa devd opnment of human adivtiesin
rdaiontothe exiging environmentd resources and the ecd og cd stability of the

teritay.
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The use of G Stechnd ogyin apdyingthskind o parametric met hods represent a
fundamentd and powerfu tod inthe g annng processfo cons dering a veryl arge
and exhaustive range o themnstic |ayers (Senes and Toccdiri, 1998). Three
exanp es areland use capahlityfo various human activities are gvenin Hgures
29 210 211

SUITABLE AREAS
Il PRIORITY AREAS
with stable and not fertile SOIL, with possible
presence of common and resistant NATURAL
VEGETATION, with absence of rare and not much
resistant FAUNA, with bad VISUAL quality

[ SECONDARY AREAS :

same as above, also including areas with fertile SOIL .

0 1 2 Kilometers +
— ]

FHgure 29 Aeas sutadefa red dentid devd opment (Senes and Toccdini, 1998)
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F gure 2 10 Aeas sutablefa pofd a cutivation
(Senes and Toccdiri, 1998)
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(Senes and Toccdin, 1998)



2 4.7 The Applicaion of GSto Ar Qudity Analysisin Ta chung Gty-Ta wan

Thi s paper by Linand Lin(2002), preserts a prdi mnary study f or t he eval uai on of
transport-rd @ ed ar pdlution situaionsin an urban area Subnopdds usedinths
study areinegaedina @S whichis adeto utilizethe spaid i fomati on and
describe the urban road network and the dstribuion of the pdluants in the
a nosphere The esti mation of nohbil e source enmissons and pdluart d stri buti on
and yd sin Ta chung Gty, Ta wan, are used as a case study. The main GS mapp ng
fea ures are dso descri bed

The modd devdopedinthsresearchirnegdes severd subnodds such as the
enmsson estimaion modd, dsperson nodd, backwerd trgecday mode and
rd evant spatid and attribute datain a G Sframework The ertire systemi s then
appied to esti nating emssons from notor vehides and andyzng the spatid
d gribuions of ar pdluantsinan urban area The strucdue o the ertiresystemi s
showninFg 212 The @ Sp afa musedinthsresearchisthe Ac\ ew package
devd oped by ESR wh ch provides bahraster and vect ar systens.

Road Attribuie Emission Coeff. Traffic Flow Monitoring Air
Database Diatabase Database Quality Database
\
Emission thann Backward Trajectory ..‘.”5
Estimator Model M ud«,l
“‘—q—-.q_+ —

Total Pollutant
Emission

Distribution of
Pollutants

Traj cctory of
Pollutants

FHgure 212 The strudue d theinegaed G Smodd (Linand Lin 2002)

The nodd devdopedinthis study can dso be used to assess the impacts o

dfferernt trafic nanagement pdides on ar qudity.
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9 nce ar pdluion produced by road trdfic has beconme a mg a concernto urban
p anners, devd opers and hedthdfidds itis necessarytocheck norefrequently on
the pdluant eniss on quartities andther spatia d gribuions and d soto evd ua e
the vari a&ion of these situations caused by changesin certdntrdfic nanage ment
pdides or trdfic condtions. Hence, there are growng needs for todstha can

provi de an easy accessto obtdn uptoda e nohile source eniss onsirf amati on

Theinegraed nodd whch conbined emss on esti netor, dsperson modd and
databases in a @ S framework shodd be a sutadetod to saidy the needs
mentioned above The resuts o ths research showtha the visudization and
andyticd feawes of GS d dprovide noreinfamation and conven enceto users. It
dso nakesthe nodd nore dfidernt andflexde

248 Habita Bvad uation Using @GS A Case Sudy Appliedtothe San Joaqui n
Kit Fox- Cdiforna USA

This work of Gerrard et d. (2001) use G Sda a and noddlingto define a spatidly
exdidt and ys s of halita vd ue us ngthe San Joaqu n Kt Fox of Cdiforn a( USA)
as an exanp e I nths paper, the datais apdied fromNorthern Cdifarato derive a
smell-cdl G Sraster of hahita vduefo the kit foxtha incorporates bahinrindc
hakita qudity and ne gborhood cortext, as well the effeds of barries such as
roads. Such a productisa usefu bas sfa assess ngthe presence and amournt s of
good and poor qudity habita andfa eventudly constructing Q@ Sr epresert di ons of

viad e an nd tearitaiestha cod d beind udedinthe fuuereserves.
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Detine species'
{e.g., San Joaquin
Kit Fox) habitat
requiraments
{from field studies,
expert opinion,
ate.).

Calculate
‘neighborhood affact'
(spatial context) of
each cell. Size of
neighborhood derlved
from known species
behavior and
requirements.

Gather appropriate
digital data of
environmental
variables (e.qg.,

vegetative and land

cover, roads, soils,
alc.}), to the extent
avallable.

Combing (8.9, add)
intrinsic and :
neighbarhood values to §
create a praliminary
total habitat values grid
or map in the GIS,

Y

Impose known
landscape barriers
such as roads or do

ether modifications as |
noadad. i

Convert all datato a
common grid cell --
format (e.g., 200-meter &
cells),

Define intrinsic habitat §
value: associatea [
combination of relevant g
environmeantal
variables with a ranking [ Product: 2 total habitat §
of intrinsic value as [ - values grid or map &

habitat for the species § stored in the GIS,
(e.g., grassland cells
receive the highest
ranking for kit fox).

FH gure 2 13 Rocess oveniew( CGerrard @ d., 2001)

The strategy inths paper wastoincopaae as nuch bidogcd ifamation as
posstetocreaea nodd o spaid hakita vdueina Q Sfo net. The veget a&ion
map was the main environmentd | ayer because of known feed ng behavi o and
hakita use by the kit fox. Theirtrindc cdl vd ues are ass gned andthen usedthe
@S to pass a spaid filte over the ingrindc habta vdues, leadng to a
“nd ghborhood effed” that measuredthe spatid context of each cdl. Thefind resut
was a map of paentid hahita vdue for the kit fox tha conb ned instinc and
ne gbor hood vd ue and d soi ncorporaedroad barriers. Thetad habta vd ues for

thereg onis shownin Hgure 2 14
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Categories

- -20

N 4 -3, -2

Northern California 10 miles B N - N |
study area ® - o /

FHgure 214 Tad halita vd uesfa the San Joaqu n Kt Fox (Garrard @ al., 2001)

The andyd s of paertid hakita herdnis uti metdy ani nput to a her questions such
as. what s ze type and nunber of d ocks of halitat wou d be necessarytoconserve
thsrd d@ivdy wde-rang ng sped es? How much o t he best qudity kitfox hakitaisin

the nost i mmnent danger o | 0ss?

Assuning g anned developnent prgeds go on, how much kit fox habta woud
rema n wth nthe next 10 years hence andi n what spatid corfi gur&ion? What areas
shod d be cons deredf o acqui gtionif niti gationfunds beconme avalad e? The @ S
habta vd ue nodd derivedinthe paper can provide a needed basi s for reg ond
assessment of thsi nportart mammal. Further nore many o her sped es cou d have
ther paentid halita evd uat ed us ngthe sane bas c approach
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3. CASE STUDY

The drect and or indrect effed o human activities on coastd ecosystens have
accd e ed consderaldyi nrecent years andthei npact o such changes onthese
sendtive and econonicdly i nportart environments is now of mg or concern
Coastd weters usudlyrecd ve h gh anmounts of nurient | oads ori g naingfromeit her
part and or non-parnt sourcestha haveledto ragdincreasein eutroph caionin
d nost dl aoundthe world

To cope wthths phenonmenon, ecdogcd modding studes have dso ga ned
s grificanceinpardld toenvironnentd deteriaation Sdentigs worknginthisfidd
are nowadays deding witht he eutrophi cation conceptina wder sense, tak ngiro
cons derdion the environmentd condtions rd aed bathtoinend and externd
fad as such as sdl haract erigics, geographicd and hydrd og cd condtions, | and-
use sod d characteridics of the area, and di natic condtions. Upto dat e tradtiond
atertion has been gven to the wate body itsdf, wth spatidly cons gert
paraneters. However, itis now obvious tha the drdnage area shoudd be wdl
defined in dl aspects so as to obtdn sufident i npu data neededin ecdogcd
modding for susta nade managenment. Defirtion of the current properties o the
regontogether wththe current wate qudity data wod dthenleadto nodding
stud es.

The met hodd ogy of deter mri ngthel and based sources of pdluion andthe wat er
qudityto obtda n suffid et i rfar netion on the understand ng of the ecd ogy of the
area are describedinthe fdlowng parts u ngthe Koyceg z Lake- Dd yan Lagoon as

an exanp e
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3. 1 Description of the Wat ershed

Koycegd z Lake- Dd yan Lagoon wet ershed (F gure 3. 1) isl oca ed a t he sout hwest o
Turkey wherethe Lake jansthe Lagoon andthe Lagoonjdnsthe Medteranean
Sea. Part of the area has been ded ared as Spedd Praedion Area bythe Turki sh
Government in 1988 becauseitis a unque area andis a good exampl e of an

i nportant ecosystemwth hi gh d verdty of spedes and of intense ki d ogcd actiity.
The wet ershed covers approx matdy 1200 krr% o landindudng Sd Gngur, Aagd

andiz uzu Lakes. Thel akes and Dd yan Channd systemare utilizedf or fishery and
recraiond purposes. The area possesses the beaifd runs o Andent dty o
Caunos and 4" cent ury BC Lyd anrockt onmbs near the seasi de |z uzu Beach at the
Medteranean coast o the sreais one of the nost beatifd beaches of Turkey andis

the nesting and breed ng gound o Careta Caretta seatutles.

MEDITERRANEAN
SEA '

Hgure 31 Locaion d the wet ershedin Turkey andits 3D d an v ew
(Seker & d. 2002
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311 di natic Conditi ons

Qi matic condtions are one of thei nportant externd fad ars of a dra nage area, as
meteordogcd daa are usedin deter mnngthe physicd, chenmicd and b dogcd

mechan sns andreg on raes occuring bahonland andin wet er.

The areais characterized bythetypcd Medtearaneandi nate Dy and ha summer
season, warm and rany wrnte season is the man caharacteigics of the
Medteranean di mrete Theregonis cortrdled bytheterresterid, marine or sen-
marine and sem-terresterid 1ow and high pressure systens, but hgh pressure
systemis nore dfedive

The hi gher averagetenperaue(2-3°Q o the Medteranean wet er t ha constitu es
the sout h border of the wat ershed, than artenpera uetoget her wththe properti es
o the pressure systens arethetwo domnant factars affectingthe di nate of the
wat er shed

Koycedz neteardogcd staionis sdeded as the representaive stdion of the
wat ershed The annud averagetenpera ure (28 year averages)is 18 2° C wth an

averagerdaiond humanty o 4%

Annud pred ptdton evapordion and average temperd ure vd ues d Kdyced z
staionfa years 1983-2000 are gvenin Tad e 3 1.

In Kdycegd z st dion the annud average wnd speedis 1, 3 nisecfa 22-year peri od
Whenthe nunmber o b ow ng wnds are conpared, the max numvd ueforthe wnd
isfound as SSE drection wthan annud speed o 2 0 nisec. Onthe ather hand, the
w nd wth a maxi numspeed o 2 3 misec has a diredion & NNE
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Table 31 Mteadogcd Daad Koycegz Saionfa Years 19832000

(SMW 2000)
Annud Annud Aver age
Years | Pred dtaion (mn) |Evaporaion(mm|Tenmperaue(°Q
1983 11196 11152 23 15
1984 1027 1412, 8 23 88
1985 1007, 4 1459 4 24,16
1986 868 7 1396, 2 24,21
1987 916, 9 1340, 2 23 32
1988 1263 6 1360, 7 23 79
1989 783 3 1274, 2 24,33
1990 6854 1377, 4 24,3
1991 9314 1274, 8 23 46
1992 720, 2 1159 23 29
1993 832, 7 1217,9 24,37
1994 1421, 2 12133 24,74
1995 1069, 5 1090, 5 24,58
1996 1356, 8 1330, 9 24,42
1997 1123 7 1062 2 236
1998 1534, 3 1071 24,76
1999 954, 3 1085, 3 252
2000 862 3 10422 24,84
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312 Hydrd og cd and Hydroged og cd Sructure

Kdyced z Lake, witha surface area of 54, 5knf, has characteristics of adightlysdty
lake Itisfed by vari ous wat er resour ces such as; creeks, groundwet er, spri ngs and
wat er carried by dranage channds. The nmein creeks whichfeeds the Lake are
Nammam Yuvalak Kargcak Yang, Dedrmendere Canhidere Kocadz and
Cak mak.

Namamisthe nost i nportart of them wth an average flowrae of 10,83 nisec
and dr & nage area of 283 knf. The Lake has a maxi mumdepth of 30 m There d so
exssregond hdes upto 70 m

The Lakeis bascdlyfed by groundwet er. The hydradic dope of groundwater is
straght to the Koycegiz Lake the sea and Ddyan Lagoon The seasond
gorundwat er | evd variaions are 0,56 55 mbetween May and Novenber ( Gdneng
e d.,2002).

The ony oul & o the Lakeisthe Medteranean Seathrough Dd yan Lagoon. The
Lagoon whi ch combi nes the Laketot he sea has alenghd 14 kmand depthd 1,5

2m

Hydroged og cd structue of the wat ershedis sigrificart inter ns of understand ng
the movenment of groundwet er andin deter niring t he surface run- df constituents.
The characterigics of a syssemare dosdyrdaedtothe sal properties of | and
whichisintun based on gedogcd strudue o theregon Thus, gedogy and
hydrogedogy of a region affed weter transportaion nmechanisns and water

constituerts.

Gedogcd structure of ths system pernits seawat & instruson to the Dayan
Lagoon system There dso exss ha springs inthe regon Sdtanye, Vdibey,
Cavus and Kokargrne arethe nost i nportarnt ones anongthem Sutanye has a
highlevd d rad oactivty.

313 Horaand Fauna

As the whd e wet ershedi s affected by the Medterranean di et e it has thetygd cd
Medteranean flaoa The mg aity of wetl ands are covered wthrushes and reeds,
whereas the hlls are faest zones. Liqudanber aiendis foests are in the
nothwest of Koce§z Lake whichis pecdia to souhwest anadia and rhodes
Idand
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The md n veget aion cover d the wet ershed are

= rushes and reedstha cover the wetl ands and mar shes, i n and aroundt he
Koycegd z Lake and Dd yan Lagoon ddta
= tydcd Medtearanean scrub vege aion

= foests

A nost dltheddnor closetoddnlandis devaaedto agricdture and the main
agricdturd crops like citrus fruts, caton sesame, corn and wheat, and h gher
reg ons dive goves errichthe veget aion cover.

Iris xant hospurig anirisspedes pecdia tothe regon is spread nginthe aquatic
zones, narshes and Li qu danber aiendisfaests

Red pine and Liqudanmber aiertdis are of grea i nportanceinthe watershed as
they are endenictreesin Turkey. Thereis a Li quidanber orientdisfaest o 8 hain
the northeast d the Lake, whchis under pra ection

Thereis al ong dry peri od dueto Medteranean char act eri gics, nossesfound a t he
batomparts o ledytrees and pnes arei nportant to keep sdl na .

Itis estinmatedtha there are 700 flower pants, needes and fern spedesinthe

reg on environnentdlyimportant spedes o theregon ae gvenin Tade 3 2

Table 32 Environnentdlyl nportant Hara Sped esinthe Wit ershed
(Se¢nmen and Led ek d, 1980)

dstus creius Li qu danber aiertdis
Cdchcum Lun pus angustifdi us
Cyd enen trochopt er art hum H nus bruia
Eica S ernber g a d scheri ana
Hyad nhus aiendis Typha sp.
Iri s xart hospuri a

Till now 180 hird spedes are observedinthe wat ershed (Buhan, 1998). Hd ycon
snmynensis and Gye ruds are the two nmgor spedes anong them Hdycon
snynmensisisone o therare spedes o hirds andits popd dionin Turkeyis about
100- 150 coud es. The wat ershedis amongthe 5reg ons where 75%a0f th s anmount
isfoundirntensdy. Spread area o Gy erudsislinitedin Turkey; it has a popu dion
o abou 250 coup es.
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An i mportant kird spedes Fancdinus francdinus has na been observed since
1960. the nunmber o spedes tha breed or has the posdlilityto breed in the

wat ershed decreases. Sone o the weter irds spend wrter inthereg on.

The nost i npatart fauna groupisreptiles s nce d nost dl the Dd yan Lagoon and

its coasts are under prdecti on

|2 uzu beachi st he nesting and breed ng area of Car etacarettaseat utles, whichis
an endangered spedes, the beachis anong 17 i nportant sea tutle breed ng
reg ons of Turkey. Accord ngtothe stud es conductedi nthereg on5tutle, 2frog 9
snake and 12 mammel sped es are deter mned (Goneng & d. 2002).

B ue crabis ani nportant sped es duetoits economc vd ue Asit consumes dead
fishand s nil ar wastes, it prevents bad snell and decyinthe environment, eh chis
o hghi nportance, initssenstivereg on

3 14 Socio-Denographic Sructure

Totd popdu aion of the whd e wet ershed areais 43585 accordngto 1997 census
anong which 74 %bed ongto Kdyced z Lake dranage area andtherest bd ongsto

Dal yan Lagoon drd nage area

The lagest town in the Lagoon dranage area is Ddyan wth 3357 hahtarts
accord ngto 1997 census, whereas Koycegd zi sthel argest towni nthe Lake dra age
area wth 7526 hahitarts (8§ 1997).

The popd &aionincreasei nthe Lagoon does na refledt arap d and huge i ncrease

like some a her reg ons of Turkey whereindustrid adivities are g grificant.

As expected, there are no s grificant i ndustri d activities wth nthe area, whichis an
i nportant factar pronoting hi gh popd aioni ncrease The econonyis mady based

on agicutue touism fishery and farestry.

Totdly 7111 hairrigated or ranrecd v ng areai s sparedfor agricdtuein Kdyceg z
The agricdtud activities are s nilar to ather Medterranean courtries based on
pd ycutue bad cdlycaton dtrusfruts wheat, corn pea and horticutu e ar e bei ng
cutivaed Land d stiribution accord ngtothe crops grownis as fdlows: 2630 ha
dtrusfruts approx netely 550 ha horticdture 700 ha gr eenhouse, 1580 ha dive 5
ha i ne gar dens, 20 ha pof a constituibg area are athe mg o activitiesi nthe ar eg;
the rest of the agricdturd land is spared for paaag neon onion and garlic
producti on 3259 hal andi s usedf o agricdtuein Dal yan and product d stri buti oni s
iderticd to Kdyceg§ z
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A cooper dive name as Dal yan H shery Cooper aive conduct sfi sh ng activitiesi nt he
regon The cooperdive owns atad o 66 wooden boats of variald e sizes. FHshng
inthe Lagoonis done by printe and trammel netsin addtonto weirs wthtad
production capasity of around 200 tongyear. Mildé spedes are o prinary
i nportance. Apart frommull s, the ather spedes of i npatance are sea bass, cd
and crab (Bledk & d, 1994). A nost 7-8tons o cavia is produced annudly:.

315 Sal Roperties

Sal, wthits structure for metion and nat wd/agicdtud vegetaionisvta fo many
aspects in waershed managenent, like ecosystem noddling watershed
hydradics, |and-use and qudity characterigics of water bodes. The intid step
towards understand ng the sdl characteridics of the area had been aliteaue
swrvey, through whichresuts of previousfid dstud es execu ed by rd a edi nstitu es
o the Generd Dredaae of Rurd Afars of the Turk sh Republic (TRGDRA) have
been acqured These data which are assenbl ed over centrd adm ngtrdive
segnents namd y U g Koyced zand Qtaca provided prdi mnaryinfor metion onthe
spaid ddribdion of sdl srudure Asummary of thisdaais presertedin Tal e
33

Land use d gribuion of a wat ershedis ani nportart aspect asit wddy affectsthe
cdcd dion o | and-based sources of pdluarts aris ngfromvarious|andtypes and
activities. The currert | and use o t he Dd yan Lagoon subwat ershedis g venin Tal e
34
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Table 33 Sub-provinces and Characterisic Mg o Sal Types ( Blyukbay, 2002)

Koyced z Otaca Ua Totd
Maj or Sail Types
ha % ha % ha % ha %
Alwid Sdls 4133 |262|10141|35.7| 1787 | 42 | 16061 7.0
Hydronorphc Alwmid Sdls 1100 0.7 | 1194 | 42| 162 |0.38| 2456 10
Cdlivud Sdls 8610 |5.30| 1147 | 40 | 5017 |117| 14774 6.3
Wetl ands 50 0.03 - - - - 50 0.02
Brown Forest Sals vit hou
i 113401 | 70.3| 4952 |17.4|13916 |32 6| 132269 | 57
ne
Red B own Medteranean 14.5
] 23380 10402 | 36.6| 20628 | 48.3| 54410 |23.4
Sdls 0
Red Medteranean Sals - - - - 432 | 10 432 02
Q her Sdls 4803 |[3.55| 123 | 04| 726 | 17 5652 24
Wat er Bod es 5723 471 | 16 58 01 6252 27
Totd 161200 | 100 | 28430 | 100 | 42726 | 100 | 232356 | 100
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Table 34 Qurent Land Use o the Dd yan Lagoon Subwat ershed
(Gdneng & d., 2002

Land use Area (knf) | % di stri buti on
Forests 80, 93 62 55
Agricdtue 29,7 22,95
Wetl ands 6, 56 5 07
Su Unglr Lake 3,01 2,33
A agd Lake 0,55 0,43
iz uzu Lake 0,19 0,15
Dal yan Lagoon 2,5 1,93
Qhers(Hgaicd daces &springs) 594 4,59
Totd 129, 38 100

As the towns and smdl communities of the subwareshed are scatered in
agricdtud lands, they cannat be shown seperady. As a resut, forests and
agricdtud land cover approx netdy 85% of the area Inthe previous stud es
conducted at theredg on enmphasi s has been gventothe Dd yan subwatershed. I n
ths study, the whd e watershedis cons dered and nore detdledirfomationflow

abou land-use andits dstri buti on wll be nertionedinthe preceed ng sections.

3 16 Land Based Sources of Pdl uion

Duetolack of i ndustriesi nthe area, donestic wastewet er is cons dered to bethe
onlysource of pan pdluart. A nost dl d the senstive wat ershedsinthe world as
seeninths area are na observed as higHy popu aed and urbanzed d grids
Tourismand agricutuwd activities ga n s grificance whi ch necesstaesthe detdled
investigaion o non-pdnt sources of pdluion wth ut nost care of espeddlythe
nuirient d schargestothe wat er environnment. Amongthese effeds, excess nutri ert

and pestid deload ng aig naingfromagricdtud adivtiesis d nmg o concern
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The occurrence of reactions andt herra es concer n ngt he excess| oads depend on
the mai ntransport &i on andtransport mechari sms of nutrierts on sdl tillt hey reach
the wat er environment. Inthe previ ous stud es ( Karak, 2000, Glivensoy, 2000, Tani k
et d., 2000), efats are pa dtot hei dertifi caion of excessl oads, andf uther noreto

the edti metion o the surd us nuriertstha may enter thereceving wet er.

A detdled survey onforests has nat been carried out yet, asthe mechansns are
too conpex inthese systens. Unt pdluing|loads are sdeded from rd evant
liteaure torepresent andrefled s nila di netic condtions and f orestryregard ng
thet wo nutri erts, itrogen and phosphorous. Al the previous stud es onland based
sour ce pdl uion have been based onthe Dd yan Lagoon Subwat er shed

3. 2 Resourcelnventory

The met hodd ogy usedto buldtheresourceinventory, requrestha da a shou d be
ga hered over at opographi cd base map andt hat, t heratic maps shou d be usedt o
indcae hydrodynanmics of aquatic environnment, gedogc and geomorphd og c
condtions, vegetaion and land-use sodo-economc data like admingrdive
boundari es and popd aion, sdl strua weinvdyving sdl dasses, sdl types, sub-sdl
groups and o her characteigics, andfindly di natic and meteord og cd dat a be ng
the nost i nportart exernd fado tha afeds the fae and behaviour o the
wat er shed

To manage suchresourcesinaninegaed and effective manner, itis essertid t ha
detal edi f o netionregard ngthe nat ure quartity and qudity o t hese r esources be
avadlade The cdledion and presentaion of suchirfo netion isthe purpose o

resourceinvent ay adivties.

321 Deta Cdlection

Data cdledion comprises many o processng devaion data acquring dgtd
therstic maps, and ddineaion of wet ershed boundari es. The d evati on dat a whi ch
has ascd e o 1 25 000, istakenfromt he Turk sh Ar med Forces Generd Co mmand
o Mappng (TAFGCM, whch had devdoped these dgtd maps using
pha ogrammetry techn ques. Most of the data mentioned above, which are crudd
fa land assessnent and hydrd ogcd noddling ( Seker e d., 2002), are provi ded
wth nthethematic mapsrece vedfromt he Nati ond | rf o reti on Centre(N Q of the
Generd Drecdaaed Rurd Afarsd the Turki sh Repuldic( TRGDRA). These maps

are based on UTM( Universd Transverse Mercaor) coord na e system
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Thel ayer far wet ershed boundari es wasi ritidly ddinea ed on an and ogue map. In
the study, ths and ogue map was d gtized and f uther nore the produced d gtd
map was then verified via Wat ershed Moddling System6. 1 ( WMS) devd oped by
US A ny and Brigham Young Un verdty, UK (Akbd u, 2002). This sdftware wth
ext end ve capallitiesf o wat ershed ddi neati on and r undf noddling better sutsfor
appicaions in small wet ersheds and acconplishes its process a quite a high
accur acy.

However, in order to base the inpus o the modding study on nore redidic
grounds, severd fid dvisits were madein order to assessthe vdidty o inf or meti on
provi ded v athese maps.

322 Gahering of Data

Gathering of data condsts o three steps. The overdl flow dagam of the G S
met hodd ogyis gvenin Fguwe 35(Rpde 1994). Sep linvdvestheinteg aion
man pd &ion and transfa netion of devaion data sub-basn boundaries and
coastlines. S ncethe s grificance of staing updated environnmentd datainardiad e
and user-fiiendy g afam becaneinevitade AcQG Swas preferredfar thi s purpose
because of itssd d y conpl ete andi ntegra ed systemf ar geogr aphi cd datacreaion
manage ment, inegaion and andyds Thus wthn Sep 2 the data devd opedin
the precedent step are then convertedto ArcG Sfilefar met. A ndly, in order to
enal e queries viathe Gl Senvironnment,in Sep 3, atribuetad es are preparedfor

dl maplayers.
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= SJepl

The d evaion datais d gitized wth a pha ogranmetrictechn que (Fgure 3. 2). Lake
and Lagoon catchment boundries are drawnin Aut oCAD 2000 andt hen conhi ned.
As a resut, one coverage, showng the overdl waershed boundries, were
produced Onths coveragethe coastlines are also drawn wth contours. Aut oCAD
2000filefanat isused as anintevd gepfa passngirnto AcG Sfilefamat.

Scan

Raster Image

I

Auto CAD

Online digitising

Auto CAD dwg format

Auto CAD dxf format

T
Figure 32 Arg sep d G S nethodd ogy (Rpde, 1994)

= Sep?2

The data devd oped inthe precedent step are convertedto AcQ Sfile for mat
(Fgue 3.3. Thelangitute and | ongtitit e vd ues o the \illagesinthe wat ershed
wer e ga hered from Generd Command o Mapping and recardedin AcA S

Arc Info

Data Conversion
dxf'to arc

Error correction

Topology creation

Convert to Shape file

Figure 33 Second step of G S met hodd ogy (Rpd g 1994)
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= Jep3
FAndly, inorder to enade queries via the @S environnent, in Sep 3 atribue
tades ae preparedfa al naplayers (Rgue 3 4).

Attribute adding and
editing

DEM producing

Data query and
analysis

Fgue34Thrdsep d @S nethodd ogy (Rpde 1994)

The overdl flowd aggam d the G S net hodd ogy usedinthe sudyis gvenin Fgue
35

Scan
Raster Image
Auto CAD
Online digitising
Auto CAD dwg format
Arc Info
Auto CAD dxf format Data Conversion
. dxfto arc

Digital Data P

1:25000 scaled STM Error correction
Arc View
Attribute adding and Topology creation
editing

. fil

DEM producing Convert to Shape file
Data query and
analysis

Fgure 35 OQverdl AowD agramd G S Methodology (R pd e 1994)
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323 Mappi ng and M sudi zati on

The outpu of the mapping and vi sudi zai on process onthe wet ershed andits sub-
basnsis presertedin Fgue 3 6 Even though the vast nmg aity o the erntire
wat ershed was covered, some portion of the areacou d na be vi sudized partly due
tothel ack of fund ng andtechnicd prold ens aroused duringi nt egr &i on of dat a and

partly dueto nilitay corfiderti dity.

FH gure 36 Mapp ng and M sudi zaion o the Wit ershed

The gat hering of resourceinventaryiritiaed wtht het opogr aphy o the weat ershed,
shownin Fguwe 37 Thislayerisi nportartindete niri ngt he appropri aeirri gation
met hod and €ffid ency, run- df char act eri gics as well as eros on and fl ood ri sks.
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[ ] catchment Area 170,000001 - 260,000000 526,000001 - £10,000000

Elevation 260,000001 - 350,000000 G10,000001 - 700, 000000
-2 000000 - 85 000000 350,000001 - 440,000 000 FOO,000001 - 800, 000000
440000001 - 525,000000 S00, 000001 - 980, 000000

85000001 - 170000000

H gure 3 7 Topography map | ayer

Qi rmetic and neteard ogcd datal ayer, shownin Fgure 3 8 isd grificart, asthese
aspects driveirrigaed agricdtue Thislayer d so supdiesirfa neti on on sal-wet er
bd ance, eroson risk and li miting condtions for dantaion The daa sets for
pred dtaion evapordion ar and sdl tenperaure and humdty are requred by
d nost every study rdated to watershed noddling fgannng and manage ment
appicaion whereas more spedfic daa such as wnd speed and drection
d oud ness, and sd a rad aion, wou d be necessaryfa d scharge g une modédling

agricdtud padices, and dankton g ow h respectivdy.
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F gure 38 Qi netic and Met eord og cd Det a Layer

Nat urd nmonuments and human- madei rfrastrud ure char adt eri i cs of t he wat er shed
must d so be known to better understand the l and and wat er properties. Such a
swrvey wll act as a gude during devd oprrent o a managenent strategy. One of
thesel ayers presentstherivers and streans i nthe wat ershed ( Append x A), which
was recd ved from TRGDRA- N C and orig ndly produced by the Sae Hydradic
Works of Turkish Repuldic (TRSHW. The map has a scde o 1100000 andis
ddinted by the admrstraive boundaries of Mug a the province in which the
ertirgy of the wat ershed res des. The mg o earthquake hi g ay andt he si grificarnt
mnng zones of the area are s nilaly providedin prov nce-based t he matic maps
(Append x B and Append x Q. Bath maps are ganedfromthe Generd Orectordae
o Mnerd Research and Exp oraion of the Turkish Repuldic( TRGDMRE). The hat
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springs, which are charadeidic to the watershed, are inroduced to the G S
dat abase as pdn data as shownin Fguwe 39 They are digned d ongsi de the
Lagoon wthn a dose ddance toits banks. Seawater irtrus onto the Lagoon
occurs seasondly duetoits hydrodynanic charact eri gics; t her & aret hel ocati on of
the springsisi nportant (Gurd, 2000, Etuk 2002).

U

Delibey Girmesi

Gelgir!

Servili Pinar

Kargicak Pinari

FH gure 39 Ha springs map | ayer

The road map of Mudais dso addedtothe GIS database (Appendx D). If itis
regar ded necessaryt o devd op a newl and-use plan dueto a det dl ed survey ont he
wat ershed, road maps wou d be cons derald e because of thdar s grficance to

hu man- dri ven f uncti ons.

The sod o-denographic datais anda her layer tha shows the current staus of
popu @ion dgribuion in the watershed There ex s no popu aed dties in the
wat ershed, bu two larger towns, Koycegz and Ddyan A nost 75% of the
popu aionresdesinthe Koycegz Lake sub-basn whereastherest livesinthe

Dal yan Lagoon sub-basin
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Mllages and ot her settlementsinthereg on are wddy scatered across avalald e
agricdtud land covers and are providedin a separaelayer as shownin Fgue
3 10 and Fgue 3 11 The coord naes of \illages are olta ned fromthe TAFGCM
andthentransfamedto UTM Coord nae Systemso astoirtegaethslayer wth
therest o themstic maps.

o Yaylasogut

Kavakecili
O @]
Kiyra

Population Density
1-310

311 - 532
533 - 851
852 - 1039
1040 - 1582
1583 - 2235
2236 - 7526

L X N N NOoNON®

H gure 3 10 Vil ages d the wet ershed
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Akcakavak Havza

Fgure 311 Sub-cachments of the wet ershed

As farests and agricdturd areas cover nearly 85% of the tad area, non-pdn
sowce pdluart loads are very sgrifican in the watershed No detdled
investi gation ont hef orest areas has been conducted sof a, however, f ertilizers and
pesti d des appi cations are exanined annudly on montHyinervd sfatheyear 1998
(Karak, 2000, Guvensoy, 2000). Th sirfa netioni s ga heredfromeach agricdtud
village aut harityinthe wat ershed and nunericdlyinroducedirnothe GS as parn
dat a attribuedto each village. The nutriert | oad ngs arig ngfromagricdturd areas
arerecodedintabda format and preserted in charts far each Jllage. These
atribue tades provide cdcdaed figuwes for resdud nontHy |loads after the
reducti on by crop upt ake and ot her vari ous reactions are d so presert ed on vill age
bas s
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15 of the nost g grificant pestid des appdiedinthe wet ershed are d soligedinthe
A Stoget her wththe bad ¢ physicd, chenicd and b d og cd charact eri gics of each.
In Hgure 3 12 the endosufan consunption of the wat ershed can be seeninthe

bas s d \llages, as an exanp e

Toparlar

Yaylasogut

Golcuk
Arl k

Kiyra Karabogurtlen

Portakallik

1’ Kizilyaka
Citlik
Turgut
Otmanlar,
rkez
M
Kurkculer
Kavakarasi O
h O
Endosulfan ‘
Annual Consumption (kg/year
I:I Catchment Boundry

Derekoy

Yesilyurt

: 22 Nf- ,M O OAkmci
w‘\ §okbel Osmaniye
. 720 \‘* O
," engenli

FH gure 3 12 Land- based pd! uion
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33l mlenmentaion G Soil Survey

The purposes fa whi chland evd uaion surveys are undertaken andt hetechn ques
used for thHs purpose vary wddy accordngto nationd o locd requrements. A
wat ershed scd g such surveys are conduct edi n devd of hg countries as a basisfor
mgj or | and-use change. Inths study, an dternative approachis a ned for the
assessmrent of na on ythe capahblity of | andf or vari ous| and- use purposes, but d so
o the sutadlity of land far spedficland-use purposes. This approach used in
devd odng courtriesis dso appropriade far watershed management apgicdions
(ESCAP, 1997). Sal surveys are maiy usedto and yze sal fetility, drainage and
eros on condtions, and irrigaion and fertilizationrequrenents. Inths study, | and
capallity dasdficaion sdl types, sdl sub-groups, land-use and other sdl
characteridics ae sud ed and presented via dfferent thematic nmaps.

Land capahlity d assficationis a method of |and evd uaion whichindcaes the
spedfied pa entid use of | and. Such d asdficaioni s usudly preserted as at he nmetic
map wth standard | egends fa | and capalility d asses. There are e ght standard
mgj or d asses (I to MII) universdly accept ed, ranki ngl and- use pcatertid on a “best”
() to “worst” (MIl) basis for spedfied categories of agricdturd uses. The | and
d assificaion mapf o the wat ershedi sshowninFigwe 3 13 Altherefered d asses
may be observedinthe area Qasslindcaesland sutaldefa regu a cutivation
where no spedd conservaion nmeasures are necessary, Gass |l refers toland
sutald efor regu a cutivaionrequring s nd e soil conservation measures, QGasslll
stadestheland sutad e fa regd a cutivaionrequringirntendve sal conservaion
measures, Gass |V addresses|and sutad efa graz ng and occas ond cutivation
reguring some eroson contrd measures, QGass V pdarns ou land sutade for
graz ng and occas ond cutivationrequiri ngi ntensive sal conservati on works, G ass
M reledsland sutadefo oy grazng CGass MI presentslandtha is steep,
irfetile o has shdlowsdls andfindly Qass VIl descri bes| and wh ch shod d nat
be cutivaed and grazed (Fevert & d., 1993). Wth n each of these d asses, sub-
d asses may d so be usedtoindcaethe nawe o thel and-use constrd nts. United
Saes Depart nent of Agricdture (USDA), uses the fdlowng sub-d ass cat egori es;
e erodon hazard w excess water prod ens, s sdl roa zoneli nitaions (such as
shdlowness and ston ness), and c. di natic constrans. Fgue 3 14 presertsthe

irntenaiond sdl sub-goups dasdficaion sandard usedinths g udy.
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H gure 3 13 Sdl d asses coverage
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Sub-Soil Groups

I:l Catchment Area
- Erosion

- Ercsion-Shallow Root Region Fgure 3 14 Sdl sub-groups coverage

- Shallow Root Region
- Shallow Root Region-Erosion
- Shallow Root Region-\Wetness

- Wetness

- Wetness-Shallow Root Region
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Sal types o the wat ershed are provi ded as a separa el ayerinthe G § as shownin
Hgue 315 L nefree brown sdls are dominant inthe area This soil typeis
characterized by its high day content and someti mes by stony day texture wth
pebd es. The donminart plartaion on such sdl typeis gass and bushes.

Soil Types

I:I Catchment Boundry

[ /] Bare Rocks and Rubbles
m Stream Beds

[ ] Alluvial Soils

- Mediterranean Red-Brown Soils
|:| Hydromorphic Alluvial Soils

[ ] coluvial Soils

|:| Brown Forest Soils without Lime
[ | Reddish Yellow Podsolic Soils

H gure 3 15 Sdl types coverage
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The second nmg or type of sdlinthe watershedis Medteranean red-brown sdls,
which are typcdly observed wthinreg ons wth dry di mate condtions. The red-

brown sdls are ndnly conposed o hardli mestone, garites, androcks.

Q her sdl charad eigics, such as sdl drdnage, sdl sdirity and sdl dkalirity, are
denonstraedin FHgue 3.16 Sal drd nageis defined astherae and extent of wat er
move nment i nthe sadl, i nd ud ng nove ment acrossthe suface as well as downward
through the sal. Sope is a veryi nportart facor in sal dcanage Qbher facdos
indudetextwue struaue, and physicd condtion of suface and subsdl | ayers. Sal
dranageisindcaed by sdl cda. Gear, brigh sdl cdousindcae wdl-ddned
sdls Nxed drab, and domnartly gray sdl cd oursind ca e poor d d nage.

Sal sdintyis expressed as the concentrdion o sduald e sdtsinthe sdl. Sal
sdintycan tosome degree be managed byirri gati on practi ces provi d ng the wet er
isd acceptad e qudity andtheflowd wet er through the sdl can be cortrdl ed

The concentration of sdul e sdtsinthe sdl prdileisincreased as waterisrenoved
fromthe sdl via evaporaion and transgraion. S ngy exddned sdl surface
desiccaion by evaporation and transpraion creaes a suction gradent tha
produces ani nportart upward novenent of water and sdt. Insdls wherethe wat er

tad eis near the sdl sufacethis process can become exagger aed

Sd uld e sdtsincrease or decreaseinthe part roat zone, depend ng upon whet her
or na the ne downward novenent of sdtisless or greaerthanthe net sdtinpu
fromthe irrigaion water source The sdt bdanceinthe sdl as afected by the
quartity and qudity o the irrigaion water, the effectiveness of drainage and

leachi ng whch arethe keysto nmanag ng sdine or d kdine sdls
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Other Soil
Characteristics

I:I Catchment Boundry

Poor Drainage

Poor Drainage
B siight saity
Slight Salty
Insufficient Drainage
Slight

Slight Salty,Alkaline
- Insufficient Drainage

- Rocky

Rocky
Insufficient Drainage

H gure 316 Qher sdl charact eri i cs coverage Salty,
Insufficient Drainage

oy
| salty Alkaline

I insufficient Drainage
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The pHcondtion of sdlis one o a number of environnmentd condtions tha af ect
the qudity o dant gowh A near-neurd or dightly addc sdl is generdly
consd deredi ded far nost dants. Sonmetypes of plart grovi h can occur anywherein
a3 5to0100range Wth sone natal e exceptions, asdl pHaof 6.0to 7.0requires
no sped d cdtud pacicestoi nprove dant gow h

The mg o i npact tha pH extrenmes have on g ant growt histhe aval allity of g arnt
nutri ents and concentrdion of g art-tox c mnerds. The effed of pHon p art nutri ert
avaladlity is shown in FHguwe 317 (The Unverdty o  Aizona
htt p// ag ai zona. edu pubs gardeny ny sals pH it #pH.

Inthefigure thethcker bar means nore avalallity of the nutriert. Inh gh'y d kdi ne
sdls mcronurients such asiron znc, copper and manganese becone chenicdly
tied up and are sparingly avaladefa dart use Inhgly addc sdls cddum
phosphorous, and magnes um becone tied up and unavalad e and manganese

and dumnumcanreach toxclevd s

Acid Neutral Alkaline

4 45 5 55 6 65 7 75 8 85 9

4 45 5 55 6 65 7 75 8 85 9

FHgure 317 The efed of pHon dart nurient aval aldlity
(The Univerdty d Aizona, htp//ag aizona edu pubs/ garden’ ny/ sdlgpHht nh#pH
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9 nce the |l and-based pdluan |oads may drasticdly vary wth respect to recent
land-use andits d sribution shownin Fgue 3.18 as wdl asthe variety of sal
types, a conmparison of sdl types andland-useis madeinthe study by overl ayi ng

thetwo maps as shownin Fgue 319

Land Cover

- Agriculture with Fallow
- Pasturs
- Agriculture without Fallow

- Forest

- Well-Irmigated Agriculture
- Poor-lrigated Agriculture

- Citrus Fruits
I ciive

H gure 3 18 Land cover andits d gtri buti on
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[ ] Meadow
- Scrub

[ Agricutture with Fallow =55
|:| Pasture

[ Agricutture without Fallow

|:| Forest E
[ wet Agricutture Y
v

|:| Insufficient Wet Agriculture

[ ] citrus Fruits v

H gure 319 Sdl dasses and | and cover




3.4 Land Assessnent of the Wat ershed

341 Vdidaion of Deta

Mappi ng and Vi sudizaion stage must be supported by fidd andydsin order to
vdidae the gathered dataindudng sdl maps, as wel as to determne nore
i rfa eti on ont he physicd and chenncd properties of sal. Thereby, such addti ond
dat a apart fromenaling a betterl and evd uaion cou d be utilized asi nput dat a f or
ingance hydrd og cd moddling stud es. The number of sanpling stationsrequred
farths purpose are opti mzed so asto mn mzethe costs bu to atan a broad
represert aion of the watershed Th s opti mzation was ach eved by overlayi ngthe
five sdl mapsrefeared As aresut o theoreicd study on superi nposed maps and
dte vidts 20 representative sanping parts were then defined and located as
indcaedinFgue 320
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Forests - Brown Without Lime

Forests - Red-brown Mediterrenean

Forests - Red-yellow Podsolic

Meadows - Colluvial

Meadows - Brown Without Lime
Meadows - Red-brown Mediterrenean
Olives - Colluvial

Olives - Brown Without Lime

Citrus Fruits - Colluvial

Citrus Fruits - Brown Without Lime

Seasonal Hon-Irrigated Agriculture - Alluvial

Seasonal Non-Irrigated Agriculture - Brown Without Lime

Seasonal Hon-Irrigated Agriculture - Colluvial Citrus Fruits - Alluvial
- Well-Irrigated Agriculture - Red-brown Mediterrenean
- Well-Irrigated Agriculture - Brown Without Lime
- Well-Irrigated Agriculture - Colluvial
- Well-Irrigated Agriculture - Alluvial
- Pastures - Hydromorphic
- Pastures - Brown Without Lime

Poor-Irrigated Agriculture - Alluvial

Pastures - Alluvial

HEN [ O0CNeR

Pastures - Red-brown Mediterrenean

Forests - Colluvial

b

]

Forests - Alluvial

Soil Types vs Land-Use and Sampling Points

H gure 320 Sdl Types vs Land- Use and Sanpling Pd rts
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3.4 2 Land Evd uati on

“Land Data Evdudion Tad € is prepared by overlaying the five sal maps and
futher queries are done based onthe reference staions. Such an approachis a
processfor assesd ngtherd aive sutallity of i nd cat ed areas of | andf ar act ud | and
uses. However, it shodd d ways be consideredin order to achi eve a proper | and
assessment it is utelyvitd to mananthematic maps tha are up-to-date and
au herticaed by fidd investigaions and a representaivdy fine resoluion sal
monitaing system Thus, the conpardive andyss irntiged in ths study and
summarizedin Tade 35, shoddbeinepeaedas a guddinetowards aconpl ee
land assessment procedure Onthe ather hand theirfo netion provdedin Tab e
3 5isstill agood exanp ef o howt hel and- basedi rf o meti on shou d be gat heredto
devd op a strong bas sfor rationd ded s on making regard ngt he best I and uses f or
the area under i nvesti gation
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Tabl e 35 Land BEvd uaion Tad e

Sanpling

Sail

. Soil Types Land Cover Sub-sal Goups C her Sal Characteristics Re mar ks
Points |d asses
1 I L re-free For est Dat ais vdida ed on Ste
Brown
5 I Colwid \NeII_-lrn gaed Wet ness Insuffid ert D nage Qtrus fruts ae donnnaljt, bL_t they are
Agricdtue dso apdicad efa this sdl type
3 M Alwid Past ure ErosorESh_dIowRoot S ony Dataisvdidaed onthsdte
eg on
4 Ml L me-free For est S ony Dataisvdidaed onthisdste
Brown
. Well-irr gat ed The sanp eistakenfrom a cornfidd
5 I Cdlivd . ) :
Agricdtue surounded by dtrus fruts
Medteranean Er os on+ Shdl ow Roat The sanpingisinanarow neadow
6 Il For est ) )
Red- br own Reg on zone, downhll to huge woods
: Wet ness- Shdl ow Roat , The wetl ands dlowrddng caton wh ch
7 MI Hy dr o mof phi ¢ Past ure Reg on Sdty, Akdine (V) necessita es wall i gati on
8 | Colinid Well-irri gat ed The area hosts dtrus fruts, wich are
Agricdtue dso apdicad efa this sdl type
9 \Y L re-free For est Shallow Roq Reg on- S ony Dataisvdidaed onthsgte
Brown B od on
10 v Medterranean Past ure Er os o+ Shdl ow Roat Son Meadows wh ch are d so expect ald e on
Red- br own Red on y ths sdl type exidinthe area
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Sa@" ng| Sal Soil Types Land Cover Sub-sal Goups C her Sal Characteristics Re mar ks
Points |d asses
: Well-irrigat ed .. . . : .
11 Il Cdlwid Agricuture Wet ness Insufident Danage Dataisvdidaed onthsdte
: Well-irrigated |Wet ness- Shdl ow Roat : . . .
12 M Cdlwid Agricuture Reg on Sdty, Akdine Dataisvdidaed onthsdte
Medteranean . . .
13 M Red- brown For est Dataisvdidaed onthsste
14 i Alwid Gtrus Shdl ow Roa Reg on Dataisvdidaed onthisdte
: Wet ness- Shdl ow Roat . . There are dso dtrusfrut gardensinthe
15 v Hydromorphic Pasture Red on Sight Sty Akdine area duetothe nurient-rich ddta
16 Vv Calwid dtrus Shd'o"é%?onﬂeg OF | gigh sdty, Akdine Dat ais vdidaed onthissite
17 Il Ugg\t\;wee For est Shalow Roa Reg on S ony Dataisvdidaed onthisste
18 vl Alwid For est ErosorrSh_aiIowRoot Sony There exlsts_aV\heat dat aioninthe
Red on mdst d faests
19 u Alwid Qive Shellow Fodt Reg on- S ony Dat ais vdidaed onthsste
B od on
L me-free Er os ot Shdl ow Roat Rar dy narrow wheat and dough fi d ds
20 M Brown Forest Red on Sony exigintisdopgngfaested aea
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343 Ongoing Sud es

The wat ershed sd ected asthefocus o the studyis one of the sendtive reg ons of
the country and part o it has been dedared as a Spedd PR aedion Aea thus,
there appear d nost no s grificant dscrepandesintheland data evd uationtal e
However, sone of thel and portions may have dter native uses, wh ch wll futher be
d scussed by the sdl eng neers and experts, after the ertirdyter mnation of sdl
andyds Resuts o the sdl andyds are gvenin Tade 3 6 The results o the
and ys s have been accessedin @GS as part daa To make a spatid d ribuion
and yd s of each paraneter, aninterpd aion bet ween and yd sresuts are made, but
thsinepdaion nmethodis na vdidfa sdl parameters. The sdl parameters are
vaiade fao each pan. As a resut, to nake spaid ddribuion mapfor each
paraneter, nore andydsresuts wil be needed from norethan 20 sanpling pd ns.
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Tabl e 36 Sdl Andys s Resuts

Sanmpling| Moisture| Totd %Li me Ntrae | %lTotd |%COr ganic %A dd |[%WIting Sail
Point |Saturation|%Salinty|pH| CaCO3 |Phosph. [NO3 ppm|Ntrogen| Matter |%Sand|%d ay|%Slt|Texture|Capacity] Point [Temp.oC

1 85 008 |66 41 09 22,9 0,182 2,6 63 22|18 13|187| SL 47 36,4
2 40 0049 |7,3] 148 54 10,4 0, 196 22 6549 | 18 |165| SL 17,5 11,5 20,3
3 75 0226 |7,6 16 19 64,9 0,182 22 12,59 | 56,62 | 30,8 C 37 25,6 21
4 88 0059 (66| 04 4,1 58 3 0, 406 57 39,44 | 26 (346| L(QY 36,7 24,3 20
5 44 E 7.4 04 17 153 0, 168 17 49,19 | 20,66 | 30, 2 L 20,2 92 17,8
6 44 E 64 0 11 27 0,182 21 51,15 | 22,7 | 26,2 |SCL(S)| 203 11,4
7 80 052 |7,8] 148 13 6 23 5 0,196 22 1344 |53 71|32 9 C 40,7 291 18 6
8 50 005 |7,6] 16 4,3 16,2 0,126 19 38,23 (21,09 (40,7 L 24,4 14 20,9
9 44 E 6 8 0 11 131 0 112 15 64,54 112,98 |225| SL 19,9 12 4 156
10 88 0136 |69 0 13 62 7 0 154 31 42,9 |33 08| 24 CL 56,9 46,3 20,3
11 77 0,093 8 20,5 28,2 17,5 0 112 16 24,84 153 24|21,9 C 36,3 29,5 17,3
12 71 059 |74 82 14,3 83 5 0,252 34 17,3 |46,84|359 C 30,9 18 4 17,3
13 44 E 6 2 0 25 22,4 0,238 33 51,51 | 16,66 | 31, 8 L 22,6 14,1 20
14 50 0044 |7,9] 37 28 21,5 0,154 18 49,34 118 73|3L9 L 24,1 11,7 20,8
15 47 004 |7,8] 49 16 38 0, 07 16 49,13 | 12,64 |38 2 L 20,5 9 198
16 44 0032 |7,7] 16 17,8 58 0,084 14 71,33 859 |20,1| SL 17,2 81 16
17 77 0043 |66 0 13 253 0112 21 38,95 | 24,76 | 36,3 L 37 20,3
18 58 0051 |66 0 16 41,9 0 154 22 50,55 | 22,81 (26,6 |SCL(SL)| 346 21 18 4
19 44 E 7,2 0 1 10,9 0,126 15 70,96 | 458 |245| SL 14,6 7 198
20 44 E 6 9 0 23 20,2 0 14 16 64,9 |12 62|22 5| SL 18 4 98 20,4
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3431 Sdl Andysis

The sdl andyss sheet consd g o three parts The physicd properties of sdl are
texue ( %sand, %ilt, %lay ), fidd capadty and wilting pant. The chemcd
properties of sdl ae nmoisuwe sauwdion sdirty, pH lime conen, tad
phosphorus, ritrae-ritrogen, tad ritrogen and organ c netter. Spedfic paraneters
o the sdl are noigueconten, sdl tenperaue, darted crops and naturd fdant
cover.

The physicd properties of sdls arei nportant because they contrd dant growth
through i rfluence on soil tenpera ue (darker =war nmer), sdl aerdion (sandy sadls
well aeraed) and sdl moisture content (dayey sdls stay wet), (The Universty o
Arizona, htp//ag aizona. edJ pubs/ garden ny sdld prind pd. it nh#pri nd pal).

Text ure

Sal texueisthe percent of sand, st and dayin a sdl (The Un versty of Aizona,
htt p// ag aizona edu pubs/ gardery ng/ sdl g prind pa . it nh#pri nd pd).

Sand is many smdl rock fragments and hard mnerds such as quartz (slicon
doxide. It contansfewpdant nurients G thethreetypes of sdl partides, sandis
thelargestinsize(0.06- 2 mn). If asand grd nwere en arged 1000ti nes, it wou d
be abou as big around as a manistdl. Moderae anounts o sand inthe sal

i nprove drd nage, aerdion, andtilth

dlt: Slt consgs o ground up sand (quartz) and rock minerds Slt contans few
nutrients by itsdf, bu it can have nutrients dingngtoits suface Sltis bet ween
sand and dayintens of sze(0002- 0.06 mn). If a silt partide were en arged
1000ti nes, it wod d be about the 9 ze d a basketbal.

Gay. Ulike sand and dlt, days are dumnumsilicade nmnerds tha aso have
varying anounts of pgant nurients such as paassum cddum mnmagnesum iron
and etc. A good part o a sdl's nativefertility can cone fromits d ay portion G ay
partides arethe snmelest d thethree (<0.002 mm) . If you enl aged a day partid e
1000ti mes, it wou d be abou thesize of a mard e. @ ays have a negative charge(-)
tha makesthemact liketiny magnetsto atrad and hdd d art nurientstha contan
a positive charge (4 like pat ass um( K+), cd d um( Ca++), magnes um( Mg++), and
the amnmon umfo mof nitrogen( NH4+). This hd ps to keep nutrierts from be ng
carried downwar d beyond the roa zone by ranfdl orirrigaion Hgh clay content
usudly makes far harder downg nore conpaction and poorer dranage but it

assures good wet & hd dng capadty.
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Sals wth spedficraios of thesethree partid etypes are usudlyrepresented on a
sdltexud triangd e as shownin Fgue 321 Anided sdltexue woudd be 40%
sand, 40%silt and 20%d ay.

Hgure 321 Sal tedxuetriand e (HELPR 2002

Sal texue dfeds,

Wat er retertiont Sandy sdls have the coarsest textue and therefarethe | argest
pore sizes. Theselarge pore sizes aretoolage tohd d wat er throughits cohes ve
property. Gay sdls havethefinesttexue thereforethe srmellest pore szes. Gay
sdlsaeadetohdd nuch nore wet e because o thdr sndle pore dze

Aer a@ion Sandy sdls havethe coarsesttextureandtheref arethel argest pore s zes.
These large pore sizes dranraddy, and the sand partides do nat conpact,
theref arethese sdls have the highest aeraion vd unes, and d ay sdls thel owest
aer aion vd unes.

Spedific hea capadty. Because sandy sdls hold very little wat er, they war m up
fasger inthe spring and cod down sooner inthe fdl. In contrast, day sdls wth
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h gher wat e cont ert, have h gh spedfic hea capadti es. They war mup slower i nt he

spring and cod down 9 ower inthefdl.

Fertility, QGay sdls have a greae suface area per vdune and a h gher cation
exchange capadty andtherefare are ad etohd d mor ei oni zed ninerds or nutrierts.
Sandy sdls have alower caion exchange capadty and are abdeto hdd fewer

nutri erts.

Tillage Because d ay soils havethefinest texue, they are harder totill and nmore
likdyto become conpacted

F dd Capacity and Witing Pa nt

Ater therarfdl o irrigaionin an area the wae whichirfiltraedino the sal
cortinue nmoving downward by gravty, which is known as percdaion The
percentage of water remaininginthe sdl ate ths dranage (takes 2-3 days) is
cdledfiddcapadty, wich gvesthe maxi mrum moi sture contert o the sdl. Rarnts
can extrad capllay water fromthe sdl but nat hygroscodc water snceit stays
there withvery strong adhes vef arce bet ween hygr oscop cfil mandt he soil partid es
(Rogers D H, 1996). Thel ower li nit of wat er contertinthe sdl & which plants can
na extrac weter any moreis cdled wlting pd nt. The equlilxiumpd ntsinthe sal
are shownin Rgue 322 (Rogers D H, 1996).

Hgure 322 Eyulibriumpd ntsinthe sdl (Rogers D H, 1996)

Sal’s water hddng charaderigics are i nportant far irrigdion system sd ection,
irf gati on scheduing crop sd ection, and groundwat er qudity. Sal weter contert in
the crog s active roat zone and aval ald e wat er capadty arethe keyindicaasfor
app yingtheright anount d irrigaion & therigh ti me

68



The chenicd properties of sdl ae

Moi st ure Sat ur ai on

The sauraion noisture content of the sdl netrix suchtha the entire soil porosityis
wat er filled ( %), and dependant oy onthe sdltextue Itisna effected by sdirty or
oravd.

Sainty

Sdintyisa measure of sd uld esdtsinthe sdl at sauaion It &fedsthe sutallity
o asdlfa crop production the stallity of sal, if used as construction materid, and
the paentid d the sal to carode netd and concrete

pH

pHisa measuredof sdl addtyandsal dkdirityonascded O(extrendyaddc)to
14 (extrenely d kdine), wth a pH of 7 be ng neurd (The Univerdty o Aizona
htt p// ag aizona edu pubs/ garden’ ng/ sdl g pH htm #pH).

The pHd asdficaiontableis shownin Tabde 3 7. Itis usedtoi dertify very d kdine
sod ¢ and ad d sU phat e sdls nurient defidend es and tox dties.

The g art roats wll na functi on opti ndlyi nsdlsou s de a spedfic pHrange un queto

tha agansm If the pHd the sdl is edrene ether dkdine or addc thedant wil de

pH aso gves anind cation of the aval aklity of part nurients andrdatestothe
gowh requrenments o particdar crops. Addc sdls are usudly defidernt in

necessary nuriernts eg cddumand nagnes um

pH decreases (increase ad dty) wththeincreasing organc metter. Lime can be

added toincrease pH(i ncrease dkdirity).
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Table 37 pH Qasdficaion Tad e
(The Univerdty o Aizona, htp//ag aizona edu pubs/ garden ny/ sdldpHht m#pH).

pH Q assifi cati on

>85 strond y d kdine 6,2—-67 |dighlyaddc

7,9-85 |moderatdy dkdine |56 —-62 |moderadyaddc

7.3-7.9 |dighly dkdine 30-56 |strondyaddc

6,7 —7,3 |neurd

Certanfertilizers are ddivered as ad d c or bas c sd uions. These wll dso dter sal
pH However, sdls have a buffeing capadty. Th's nmeans tha wth nther nor nel
range of pHvd ues, they can absorbldas o praons or |l as o hydroxyl ions before
the pH of the sdl water changes. But once the buffering capadty of the sdl is
reached, thenthe pH of the sdl water wll changerapdytotoxc extremes. It will

dsotake ala o new bufeing adivitytorepar the sdl toits aignd pH

L nme Content

L neisanauwdlyoccuring cdcareous materid usedtordsethe pHof an addc sal
and o suppdy cddumfor dart growh Large anounts o li ne decreases nutri ent
ret ertion and f ertility, but sdls wth %60 CaCO3 can be successfulyirrigated wth a
resricded chace of crops. The deposition o |i me under sdine condtions of fine
gdned materid Hocks pores and reduces per neahility. Neverthdess, line is an
eff edtive conponent fa treaing ad d c sdls

Totd Phosphorus

Ate N Pisthe nost generdlyli mting nutriert interrestrid naturd and agricdtud
ecosystens. In many cases, it may be the utimatdy li niting nutrient, duetoits
constraringirfluence onthe Ncyde Sdl P occursin many for ns, which have
conpexinerddionships. Tad sdl Pis one of the fewrobust nmeasures. Ful

fradionation d sdl R irno organic P secondary P, extractall e P and ocduded P.
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Ntrae

Ntrae ritrogeni sthe measuwe o readly aval able ritrogeninthe sal andis used
wth percentage of organc nette to nmake a nitrogen f ertilizer reco mmendati on
Because ritrae- Nishignysduldeg itis suljec toleachinginadl sdls espeddlyin

coarseto ned umtextued sdls

Totd Ntrogen

Ntrogenis the denent nost generdly li niting pri mary productionin nawd and
agricdturd ecosystens. Severd i nportant greenhouse gases(e g, N2Oand NOx and
CH4) aretiedtothesdl Ncyde Tad Nandyss nmostly measures organc N whichis
na the foomtaken up by pgarts However, inorganic N (NO3 and NH4) are very
variald e a short ti me scd es andt her ef are nat suitald ef or nonitaing except a centres
oringround water and aquaic systens. The process of converson of organic Nto
inorganic N ( mnerdizaion and nitrificaion) are sutade fa measuring only a the
cenrelevd.

Organic Matter

Percentage of organc matte can be used to esti mete ritrogeninthe sal (The
Univerdty o Aizona htp//ag aizona edy pubs garder’ ny sdld properties it nh#
physi cd).

This method d oneis not d ways a dependall e measure of avalal e ritrogen, but is
used wthritra e ritrogento nake ritrogen f etilizer recommendati ons on nmany crops.
Qganic nmetter inthe sdl, indudes pdart and an nd red dues a various stages of
deconposition Most cutiva edtopsadls contdn about 2-4%organ ¢ netter by we ght.
Despiteits snmal proportion arganc metter has arenarkad e benefid d effed on sal
behavi or and cropyid ds. O gan ¢ metterinthe sdlisfrequentlyinthefam of humus,
parti dly deconposed organi ¢ mett e tha has become dark and cruntl y and conti nues
deconposing & adowrae Hiunus benefitsthe sdl in nany ways;

= |t cani nprove overdl phys cd condtion (tilth), esped dlyindayey sdls

= |t can hd preduce sdl eros on by wnd and wat er becauseit acts as a"due"
to bind sdl partides together into aggregates, tha i nprove water irntake
raes andl essenrundf. Aggrega es arered santto be ng noved by w nd or

flowng wet er.
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= |t s¢ores and supdies nutrierts, esped dly ritrogen, phosphorus, and sufur.
These are dowy rdeased fa use by part roads as organc netter

deconposes.
= |tinoreasesthe wet er-hold ng capadty d sandy sdls

= |ts high negative charge hd ps prevent positivd y-charged nutrierts from

leachi ng Asothe negative chargei nproves sdl's buff ering capadty.

Some o the spedfic paraneters ae

Moi st ure Cont ent

Sal nmoistwreisthe nosti nportant deter mnant of non-pd nt pdl uion and veget a&ion
structure conposition and density. It dsoisthe inegao o suface and sub-surface
wat er fluxes andisthusthe key d agnostic vaialde fa suface wet er budget.

Soil Termperature

Sal tenperauwe is a conmbned product of changes in ar tenperaue and
pred ptaion esped dly snow dl and snow cover on ground

Oncethe appropriaeset of | and char act i ics are det er mned, the next stepinthe
land sutaklity assessment process nust be econonic and sod d andysis. Such a
process wou d be sulject to a cdl abor @ive work anmong experts and profess ond s
from various dsdgdines such as | andhd ders, personnd fromrdaed agend es,
consutarts, etc Itisi nportart tonaetha ths process shod d be aniterdive one,
invd v ngr efinement and feedback G ose contact shod d be nai it @ ned bet weent he
resource survey andtheland-use A the end o ths process, theland sutakllity

d assificai on can be findized and be brought tothe atertion o ded g o makers.

3432 Land Suitahlity Assess nent

Oncethe appropriae set o land charact eridic are det er mned, the next stepinthe
land sutakility assess mernt process wil bethe econonmic and sod d and yss. Such a
process wou d be sulj ect to a cdl abor &ive work among experts and professi ond s
from various dsdgdines such as | andhd ders, personnd fromrdaed agend es,
consutarts, etc Itisi npotarttonaetha this process shou d be aniterdive one,
invd vingr &fi nement and feedback G ose cortact shou d be mai it d@ ned bet weent he
resource survey and the land-use A the end o this process, theland sutaklity

d asdificaion can be findized and be brought to the attertion of ded Son- nmakers.
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4, CONCLUS ONS AND RECOMMENDATI ONS

The mgor oupu o ths study is to show the guddines of how |land-based
irfa nmetion can be gathered andinegaed wth @S so asto gverisetoland
assessnent. Besides, it dso enphasizes the data tha wou d be requred for
wat er shed noddling @ ann ng and managemnment stud es. The @ Sdat abase actudly
acts as a bassfa fuue nodd apgicaions andis, as o today, knownto bethe
most of effident tod for noddling studes. This coud dso be justified wth the
trends of end neering sdft were technd ogy, whichlead to penetraeinothe @GS
pafam nore and nore wddy in the recent years. The data gathering and
moddling capahlities of G S sdftwaere packages are of very substartia padertid
vduefainegded wat ershed managenent ractices.

This study acts as a gudefa | and sutaklity assessnment o the sd ected wat ershed,
which can dso be appliedto aher wetersheds. It isi nportart to note tha |and
evd uaion stud es should be fdlowed by vdidaion of gathered data through fidd
stud es. Inthefuue stud es, | and sutalklity assess ment process wll be the econonic
and sodd andyds Ater the conp dion of dlthese andyds atertion of decidon

makers andrd @ ed au horities wil be dcawntothe resuts atd ned
Sal andyd sfa man essentid part o suchl and sutaklity and yd s eventhoughitis a

money and ti me consunmi ngjoh However, ody by means of actud fiddtests the

verificdaion o the assessment resuts can beredized
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