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In the United States, 63% of the population lives in cities, which makes up 3.5%

. . . . annexed, accounting for 45.89%. Deciduous Forest accounted for 33.64%, Evergreen Forest 10.9%,
of the land (United States Census Bureau). As the population continues to increase and

and Mixed Forest 1.35%. Developed land accounted for 34.35% of total land annexed. There was a
small loss of 11.61 ha and 1.62 ha of deciduous and evergreen forest respectively between 2001-2000,

which was rectified between 2007-2011, with the addition of 219.33 ha and 64.80 ha.
Grassland/Herbaceous and Pasture/Hay land cover came in next, accounting for 9.46% and 6.14%

people concentrate in cities for their economy and access to services, cities must take
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steps to economically and physically grow. Annexation is one option. Increased revenue Rock HIL South oo e i

largest city in the state and is located

in York County, the upstate of

and tax base, increased number of individuals participating in government, increased South Caoln. Aceording o th US

Census Bureau 2015 estimate, the

respectively.

economy of scale in providing services, and a stronger corporate community, are some P o h picdmont on e

. . . . . . . foothille of the vAppelachian
benetits of annexation (Municipal Association of South Carolina, 2012). But with e domnae e

. . . landscape.
ogrowth comes increased, urbanization and natural land cover types such as forests, oms &K

Land Cover Types

Between 1998-2013, the city of Greenville annexed 764.73 ha of land. Developed land was the
most annexed, accounting for 60.56%. Developed, Open Space accounted for 15.04% Developed,
Low Intensity 17.06%, Developed, Medium Intensity 16.62%, and Developed, High Intensity 11.84%.
Contrast to Rock Hill for which developed land accounted for 34.35% of annexed land. Between

8 Open Water

wetlands, and grasslands are converted to developed, impervious surfaces. In this case, Dot Open s

I Developed, Low Intensity
4 Developed, Medium Intensity

ecosystem services such as terrestrial carbon storage, habitat quality, soil stability, and mDesp, i st 1998-2003, the addition of 123.66 ha of Evergreen Forest and 92.52 ha of Deciduous Forest
nutrient cycling are significantly affected (Foley et. al, 2005) and pollution, waste, and ———— dominated the land cover annexed for that interval. However, forested land made up only 34.08% of
d dati Y . S S Y % 20 1Y A N ’ 1 land b ’ I ’ Egﬁ‘%/zd/;b land cover annexed. Between 2009-2013, Greenville lost 18.81 ha and 2.43 ha of Developed, Open
cgradation 1NCreases (Bagan & amagata, ) atural land covers not only preserve ot Crops Space, and Developed, Low Intensity land cover respectively, but made gains in Medium and High
ccosystem services but maintain natural spaces and recreational areas both of which are = g Heroseos Vet intensity development. During the 2004-2008 and 2009-2013 annexation intervals, Greenville saw a the
beneficial for human health (Rakhshandehroo et al., 201 5) and economic development Rock Hill municipal boundaries forl 8911995 and 19962001 and NI.CD 2001, Annexadon by Years - poundaries for IS0 and 202 200 and NLED 206 %E%;Eggt;n py Years most reduction of natural land covers. Overall, there was a greater reduction in natural land cover
- - o e within the municipal boundary of Greenville (5.97%) than Rock Hill (0.18%).
in an urban environment. Annexation History and Land Cover 2011 Land Cover Types Annexed Rock Hill, South Carolina
Rock Hill, South Carolina
: T et Vet 1 Several factors may explain the differences between Greenville and Rock Hill. First, different
Cities planning for future development should be aware ot trends in land cover e ———— e planning strategies and expected types of growth (i.e., commercial, residential, agriculture) could
change that occur with annexation and growth in order to make informed decisions and e e influence the types land cover the city approves or targets to annex. Secondly, the types of land cover
© Evergreen Forest e — . . . . 17 -
d. . I h d I d d d h . . f h . f § Deciduous Forest annexed may be a reflection of the land cover surroundmg the two cities. Rock Hill is surrounded by a
BarenTand e . . . . . . .
predictions. 1n this study, 1 addressed two preliminary questions for the city o _ Do Higs sty [ larger amount of natural land cover than Greenville, which is urbanized well outside of the municipal
Greenville, South Carolina in an effort to uncover trends in City ngWth tthugh e boundary. Third, property owners of certain types of land may use their own judgement to determine
annexation that might inform City planning: - aterO.(; 50.00 100.00 150.00 200.00 250.00 300.00 350.00 tha’t annexation Would beneﬁt them'
e T Coe Types Anneed Rock Kl Souh Curl g o b of e o fnd ot e e Because so much of the land surrounding Greenville proper is alteady developed, further

1. What land cover types are the cities annexing?

land dominated the annexation landscape.

annexation will likely continue to add a greater proportion of developed land cover to natural land
Total Land Cover Change Rock Hill, South Carolina 1996-2011

2. How does the COmpOSitiOIl of land cover within the City boundaries change over cover to the city. This is an important consideration in city planning and making the city somewhere

tHime? Land Cove 16911995 (ha) 2001 (ha) ___1996:2001 Change (he) 2006 (ha) _2002:2006 Change (ha) _2011 (h) ___ 20072011 Change (ha) were people and businesses want to be. Without having jurisdiction over surrounding land and with
Devcloped,Low Intns wssis 2o R w09 oess a2 the depletion of undeveloped land cover surrounding a municipal area, municipalities tend to create
Developed, Medium Intensity 751.59 786.78 35.19 970.38 183.60 1052.10 81.72
. . . . o R — T E— e - more urban open spaces and recreational areas within municipal boundaries (Kim et. Al, 2016). This
AIlIlCXathﬂ mn the StatG Of SOuth Cathﬂa I'CqU.lI‘CS that th@ laﬂdOWﬂel’S pCtlthﬂ tO 7 \ ~ - | ' lE)ve;(gi?;TFFS:eesstt 122;22 fizg 32212 12?28 112; 1283}3 22:23 may be the case for Greenvﬂle) but the current SCOPC Of the Study ShOWS that there was SUH a large IOSS
. . . . . .. .. . G of TR 1A TS, i W KilometeTs] 900 o7 Do e w0 907 : . : : : :
be annexation and receive Clty services. This makes it difficult for cities loolqng to grow - ) . Nad B Jdi};:c _2,;;1&_ , :‘ kG; ?175:1,-.,@:1* AR %Eﬁ" Smsl%d/Herbaceous 161.19 207.90 671 25326 4536 297.18 592 of natural land cover, suggesting that existing natural land cover i1s bemg developed without bemg
igure 3. nnexation 1story an an over map shows Roc ill municipa Legend astere Hay 241.11 406.17 165.06 300.60 -105.57 358.74 58.14 .. . .
- - - oundaries for 1891-2006 and 2007-2011 an . nexation by Years  leE Ll i 2 000 A58 000 0.0 replaced. Additionally, the city actually lost 100.53 ha of Developed, Open Space that includes areas
through annexation to have direct control over the kind of land they are able to add to oundnes for I A0 and ST nd REED AT o T S s O . o b ¥ ty actualy | VEopee, bl ob . .
2007 2011 such as parks, golf courses, aesthetic and recreational plantings, and residential plantings. Rock Hill on
the Cit Thus understandin trends in anneXation and land Cover Chaﬁ e mi ht inform table 1. Total Land Cover Change Rock Hill 1996-2011 table shows total hectares of each land cover type at the end of each annexation interval ’ . ’ ’ . .
Y' bJ g g g studied. Land cover change is the difference between hectares of land cover from two adjacent time intervals. the Other hand Ssaw a galn Of 267.21 ha. It was also the largest Category Wlthln developed land toO be
cities how the urban landscape may change in the future and what step they need to Greenville. South Carolina annexed, at 224.91 ha. Over time, the creation of parks and greenspaces could alter the balance of
o . , . . .
take to successfully 1mplement city plans. developed versus natural land cover types depending on the long term plans of the cities and

annexation strategies.

Annexation History and Landcover 2003 Annexation History and Land Cover 2008
Greenville, South Carolina

o - S RGN R AT R O As Rock Hill continues to annex, it will likely continue to decrease the amount of natural land cover
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Greenville, South Carolina

To do this, I used National Land Cover Data (NLCD) from 2001, 2006, and 2011 T~
1 el N R e

and municipal boundaries from Greenvﬂle, South Carolina and ROCk Hﬂl, South J%Womdiﬂg it with future annexation. However, with a greater amount of undeveloped, natural land

o da N

cover, Rock Hill may be in a better position to work natural land cover preservation into the city

Carolina to analyze trends in land cover change. The analysis shows distinct differences

Greenville, South Carolina is the sixth #s- 4

between the type and amount of land annexed by Greenville and Rock Hill as well as lasget iy i the seate and i locared

in Greenville County, the upstate of

development plan.

South Carolina. According to the US

changes 1n total land cover composition over a 16-year time span, measured in one 6 ConssFarens 201 st he S R

population is 64,579 people. It is a
part of the piedmont region in the

and two 5 year intervals. City planning, available land, and which property owners desire ol of he Aplchin

mountain. Rolling hills, forest, and

Implications Further Research

Implications Greenville and Rock Hill Annexation Comparison

streams dominate the natural

to be annexed are likely candidates for explaining differences in land cover annexation andcape.
and change. e Types«

. L : .
Land cover change in cities may vary from region to region due to Daca Greenville 1995.2013 Rock Hill 1996.2011

the ease of annexation, types of land cover available outside the city = Total Land After Al

] .o .. . . Annexation Periods 7446.69 ha 26461.26 ha
== Open Water LA limits, political, cultural, and historical factors.
' Developed, Open Space s el & N . . . . Total Land Annexed 764.73 ha 1365.93 ha
= Developed, Low Intensity o iifag i ey g o8 *  Areas surrounding Greenville proper have experienced significant
MetlIOds :geveiolbej, xéf;llllflltlﬂtéfiSIf}’ oA i b . . Developed (Open, Low, Forest (Deciduous, Evergreen,
-B:::C:jizn’d g1 tntensity L urbanization. Most Annexed Landcover ~ Medium, and High Intensity) Mixed)

= Decicuaous Forest * Annexation may be a useful strategy to preserve natural land cover ~ NetLoss of Natural Land
B Fvergreen Forest ) Cover through Conversion  (-) 444.60 ha (-) 48.60 ha
Elsv:xe:/zorcsg where available. Net Gain of Developed
Sad:‘;t:‘:t:_:‘:se: Sr-&i:ﬁ:v_li_k“: Se:d_siab:‘:se:?-;f{tiemsl S—:':d:‘:’:set_:‘:':-:c': R?ck ﬁall tub/scru .. . .. Land Cover through
I used AICMap 10.4.1 to Municipsl Boundaries Landcover Data Annexation History Sty - i 3 Ry *  Cities with limited undeveloped land may need to create natural open .. 0105 ha 658
- : = Cultivated Crops o Aoy WE R o I BN TN, spaces for recreational use, habitat, or pollution mitigation.
[ ITWoody Wetlands + 1 S . it b Yy g 2 i [ T . 5y b P i - > >
perform spatial analysis and create \ l S (G G E R4 TN i g S S o1 R ey LA T i o e 0 .
. . Y M figure 5. Annexation History and Land Cover 2003 map shows Greenville municipal Legend ﬁgure .6' Annexatldn History and Land Cover 2008 map shows Greenville k::lgendt- bv Y. QueStIOIlS fOl’ flll' thef rescecar Ch:
maps O f RO Ck Hlﬂ aﬁd Gre enVﬂle SO boundaries for 1997 and 1998-2003 and NLCD 2001. Annexation by Years ~ ™unicipal boundaries for 1997-2003 and 2004-2008 and NLCD 2006. nexation by Years . _ , ,
3 ‘  sbase ; £31997-2003
N ey ot e 1997 9 * Do cities that are able to grow more with annexation have a different pattern of total land cover change?
. - TSRy £31998-2003 ) . . . .
S()uth Carohna. |\|LCD from 2001 , Annexation Hist 0d Land C 2013 * Investigate trends in Charleston and Columbia, South Carolina.
. " exatio story a a over . .
. . o . ° D
2006. and 2011. 2 16 class l Greenville, South Carolina Land Cover Types Annexed Greenville, South Carolina Do cities that annex more annex different types of land cover:
> > > v % s TR TS i S T T 0, Y Emergent Hesbaceous Wetlands * Does the development of new parks and greenspaces within cities increase overtime, slowing down land cover change from
° o o - '-_J_'r' ‘ b -'-;‘_'_. ‘--. : % --'... 'f. - - TRk ,‘._-'.'( ' r '» 4 .._-..j\:'- ,.'...-- . i iy e :‘ Woody Wetlands h:| . . . . . D
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i - S e e N S I S, N S, T e e e B Pasture/Hay e * Is there a relationship between amount of annexation and creation of greenspaces?
land cover database for the United | % 9 ot I;:/Sb = * How does land cover change differ with different annexation types (owner petition, elector, ordinance etc)?
rub/serub C . . . . . . .
: ' g Mixed Forest | * Do cities in different geographical regions with different surrounding land cover show different patterns of land cover change?
States, was used to determine land o f_ | | i : e geograp g g p g
. . . . . p 7 ! J \ 3 Deciduous Forest Bty d S
cover within municipal boundaries . et References and Data Sources
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f h f 11 | ' ' . . United States Counties Tiger Line shapefile: United States Census Bureau, https://www.census.cov/cgi-
tO g€t a Count O t cC NuMDpCEer o cellsS figure 8. Land Cover Types Annexed Greenville, South Carolina graph shows the total number of hectares of each land cover type annexed . . . . o
during each of the three annexation intervals studied. Evergreen Forest, Deciduous Forest, and Developed land dominated the annexation bin/ g€O/ Shapeﬁles/ 1ndex.php?year :2016&layergroup:Count1es+ % 028and+equlvalent 7029
f h 1 d r t ithi th v ¥ 5 landscape, particularly between 1998-2003. Historical Annexation History of Rock Hill shapefile, SC: Shawn Carson, I'T/GIS Manager Information Technology Services City of Rock Hill, shawn.carson@cityofrockhill.com
O eac an COVC ype W n e Total Land Cover Change Greenville, South Carolina 1998-2013 Munlclpal Boundaries GreenVille, SC Shapeﬁle: GreenVﬂle County
. . Maps
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W R T 3 . P TR i B, V= ' flanny S X s Developed, Low Intensity 1768.59 1923.57 154.98 1836.18 -87.39 1833.75 -2.43
used to deter mlne the heCtar CS Of ' o ~ T ot ol Y Om T Ly A . Pt Al 3 "*1 Develoged, Medium Intensity 818.82 924.48 105.66 1055.88 131.40 1246.59 190.71 Reference.s o « . . . D . . ” .
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” figure 7. Annexation History and Land Cover 2001 map shows Rock Hill municipal Legend Dliecbiores: 285 6.21 LS 2kl kL2 i o) and Research (2016): 1-15. doi: 10.1177/0739456X16688252
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v v £32009-2013 Cultivated Crops 0.00 0.00 0.00 0 0.00 0.00 0.00
tables were created in Microsott Excel | S——

Emerpent Herbaceous Wetlands 0.00 0.00 0.00 0 0.00 0.45 0.45 ACh]OWledgt!]ents

table 2{1‘0“’1.1 La.nd Cover Change Greenville, Sou.th Carelina 1998-2013 table shows total hectares of each land COVCI? type at the end of each I would like to acknowledge Dr. John Quinn, Associate Professor of Biology, Furman University for consultation, direction, and development of the project; Dr. Suresh Muthukrishnan, Associate Professor Earth and Environmental
annexation time interval studied. Land cover change is the difference between hectares of land cover from two adjacent time intervals. Sciences, Furman University for GIS consultation, project direction, and data sources. Shawn Carson, I'T/GIS Manager Information Technology Setvices, City of Rock Hill for annexation history data for the city of Rock Hill.

to show trends in the data.



