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Abstract 

Furpose1This paper aims to assess the rate and land category contributing to the changes in s 
in the Kintampo North Municipality of Ghana and the effect of the decisions of land users on funue 
to detect changes that had ocurred between 1986 and 2014. In total, 120 farmers wec of change 

wva Design/methodologylapproach -LANDSAT images were classified to generate laue 
determine their perceptions on land use changes. Interval, category and transition evci holh inte 
determined. Savanna woodland, settlement and forest were mostly converted to iamla (1986-2001 and 2001-2014). e 

bor 

Findings - Results showed that rock outcrop, plantation, cropland and savanna wnt and waler 

annual rate of 13.86, 1.57, O.82 and 0.33 per cent, respectively, whilst forest, serue 
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nd at 490., 1.84 and 1.17 per cent annual rate of change, respechvely. Approximately, 74 per cent of and use. land farmers will not change land use in the future, while 84.2 per cent plan to increase farm sizes. 

Research limitations/implications The study shows that more land cover will be targeted tor 
rersion as farmers expand their tamlands. I here Is the need for stnict mplementation of appropriate land 
se/cover policies to sustain food production in the region in this era of changing climate and population increase. 

Originality/value- This research assessed the land use changes in the Kintampo North Municipality and 

Cover 

acts on agriculture and carbon stocks release via land use changes. It identified how the decisions of 
the local famers on land management will affect future landscape. 

s 

Kevwords Farmers' land use decisions, Intensity analysis, Land use and land cover change 
73 

Paper type Research paper 

1. Introduction 

Anthropogenic activities are one of the major drivers of changes in land use and land cover 
LULC Gamble et al, 2003; Lambin et al, 2003, Turner et al, 2007). This currently manifests as 
climate change with numerous impacts. Climate change as an environmental issue is directly 
linked to LULC changes; and this affects the ecosystem's ability to provide goods and services 

to society (Loveland et al, 2003). In addition, the exchange of greenhouse gases in the 

atmosphere is an active role LULC plays in climate change (Foley et al, 2005; Vitousek et al, 

1997). Since 1970, cumulative CO2 emissions from forestry and other land use have increased 

by about 40 per cent (IPCC, 2014). Climate change will impact agriculture in sub-Saharan 

Africa, which is 98 per cent rainfed by the erratic rainfall patterms, increasing temperatures and 

invasion of pests that do well in warm environments (Niang et al, 2014). Anthropogenic land 

use change is putting freshwater ecosystems in Africa at risk, due to over-extraction of water 

and diversions from rivers and lakes, and increased pollution and sedimentation loading in 

water bodies (Darwall et al, 2011). Climate change will likely have an overall negative effect on 

yields of major cereal crops across Africa, with strong regional variability in the degree of yield 

reduction (Liu et al, 2008; Roudier et al, 2011; Berg et al, 2013 in Niang et al, 2014). 

Population growth is identified as a major contributing factor in this regard (Berakhi, 

2013) because of the increase in demand for food, water, space for settlement and urban 

development and energy, a demand that is directly affecting land use systems, as reported 

by Lambin and Meyfroidt (2011). Consequently, other studies emphasize the need to address 

tne questions of "why, where and when" these changes occur (Lambin, 1997). These 

questions are largely addressed by the intensity analysis technique developed by Aldwaik 

ana Pontius (2012) at three levels, namely, the interval level, category level and transition 

evels. Alo and Pontius (2008) used a similar method to detect different processes that were 

Eraing in two categories of land uses (protected and unprotected regions) in Ghana. T hey 

COvered that in the past, protected regions in Ghana were almost entirely covered by 

rest, and the unprotected regions were mostly cultivated land which were classitfied as 

dnsition level by Aldwaik and Pontius (2012). The methods were extended to examine 
land 

ovEr Changes in Ghana relative to the size of the persistence of the various land 
Use 

degories (Braimoh, 2006). He concluded that the most systematic 
transition was i 

grassland to 
woodland and vice ersa. This study examined the 

nversion 
between 

seven types of land 

ge or nversion by farmers and the major 
drivers that will 

inffuence
their 

decisions for 

Cropland, while there was little or no 
transformation 

from cropland to 

uses within three-time 

hon levels of intensity analysis. It also assessed the historical trenas or periods, namely, 1986, 2001 and 2014, at interval, category 
and 

versions in the future. The perception of 
farmers on 

previous 
conversions 

of land use 

confirm or ntravene the findings of the int 

that 
intensity 

analysis 
will 

enhance 
the 



implementation of 
appropriate 

policies 
aimed at conserving the 

over 
time. More so, the impact of such 

conversions 

be 
overloked, if food 

procduction 
is to be sustained. 

riate policies aimed at conserving the categorios 

n dioxice e 

mg deplutk 

impact of such conversions 
on the emission of a Deng 

ICCSM 

11.1 

2. Materinls 
and 

methods 

21 Study area 
Kintampo North Municipality in the Brong Ahafo region of Ghana has a 

45' N and 7°45' N and lo 
a surface arca 

about 5,108 km and is located between latitudes 8°45'Nand 7°45'Nanel SUrface

tional agu 

ology 
transitional 

zone 

zone 

and 

is 
witlhin 

belicved 

the tropical 
to have 

continental 

once existed 

or 

as 

interior 

forest. 
savanna 

Its current 

tyDe of 
transf 

elnal 

Tation 

ag 
and 0°1' W igure 1). The Municipality is withi woody savanna and transitio 

interior savanna type of mate. Every 
74 

git udes 1°2° N 

attributed to prevailing savanna conditions resulting from man's activities. This i 

by the existence of riparian forest where antnropogenc activities are limited (SEA 

Kintampo North Municipality is found within the Voltain Basin and the Southern P 

physiographic regions and is elevated between 60 and 150 m above sea level Vt 

lateau occupies the southern part of the MuniCipality with series of escarpments. Theres 
numerous water bodies available but are not reliable for irrigation. The vast expanseof fa 
land makes it suitable for large-scale mechanized farming, especially the savanna z0me at 
the northern part of the Municipality (SEA, 2010). The mean annual rainfall in the region is 
1,400-1,800 mm. The mean monthly temperature ranges from 30°C in March to 24C in 
August, with mean annual temperatures between 26.5°C and 27.2°C. Relative humidiy 
ranges from 90-95 per cent in the rainy season to 75-80 per cent in the dry season. The 
climate of the Municipality exhibits drier tropical continental conditions. 

oltain 

22 Study methods 
221 mage processing and intensity analysis. LANDSAT images for 1986, 2001 and 20 
were acquired from US Geological Survey (USGS) GLOVIS and Global Land Cover ra 
website. 1he satelite images were taken at Datum WGS84 in UTM zone 30 at 30 x 
spatal resolution and geo-referenced. Ground control points (GCPs) were collected us nand-held Garmin eTrex 10 GPS. Supervised classification was performed on the ina using the maximum likelihood algorithm in ENVI 4.7 with 168 GCPs as part o014The of identifying the various land cover and land use in the Municipality for the year alSurt 

oroces 

for the accuracy assessment, by using the post classification confusion matrix 
rest, Cropla 

other 
half 

Cent, O.9221 for 1986, 2001 and 2014, respectively, After classification, cnaced 
U88; and 

in 

94.13pe 

cha 

images of 1986 and 2001 were classified using geological maps om the Geologica Department of Ghana and pixel identification from curren reference maps were divided into two, one half for the training (classificau0 

Surver 
field and 

ent images. GCPs from 

ENVI 4.7. The seven classes used in the maps were savanna woodlaln plantation, settlement, water body and rock outcrop. The overall aceu máps using kappa statistics were 93.44 per cent, 0.9038; 93.14 per cent,. 

method in 

forest, cropland 

exlracted from 1986-2001 and 2001-2014 maps to produce the two mau ferG 

Were 

detection analysis. For each of the selected images, areas covered by.hle D. Th 

hange 

Categories, the net and annual rates of change were determineu 
Cross 

weTe examined using intensity analysis software (Aldwaik and Ponua levels trion 

abulation matrix for each time interval (first interval: 1986-2001l; second 2012) 1o 

different lar 

evel analyses, namely, interval, category and transition levels. Theseal: the vad 

2001-2014) 

the total change in size and annual rates of change 
both gross gains and losses in size and intensity; and the urai 

the different land use types (Aldwaik and Pontius, 2012). 

The diffe Kains and .dnd annual ory and 
hranuwaik 

and Pontius, 2012) for the 

Cnange within each time inter aVotde 
and the transition (targetea 



Land use. land 
Over 

75 

S 

iie . 



First period annual rate of Second period annual rate of First period net 

change (ha) 
Second period net 

change (ha) 
First period net 

change (%) 
Second period net 

change (%) Land use 1986 (ha) 2001 (ha) 2014 (ha) change (%) change () 

81,597.15 12.33 169.07 0.82 13.01 Cropland
Water body 

5,299.1142,963.12 48262.23 129,859.4 
1,675.89 1,381.5 1,799.55

33,373.71 8,833.95 2,341.17
2,615.13 3,231.72 8,548.56

-294.39 41805 -17.57 30 26 -117 2.33 
-5.65 

12.66 
-24,539.76 -73.53 -73.50 -4.90 -6,492.78 

5,316.84 
Forest 
Plantation 616.59 23.58 164.52 157 

Savanna 
4.89 -22.82 0.33 -1.76 

372047.7 390,243.1 301,178 
6,404.67 4,640.49 6,153.66 
1,196.46 3,683.7 10,396.35 

460,2767 460,276.7 460276.7 

18,195.39 
-1,764.18 

89,065.08 
1,513.17 
6,712.65 

woodland 
-27.55 32.61 184 2.51 

Settlement 
2,487.24 207.88 182.23 13.86 14.02 

Rock outcrop 
Total 

Notes: First period: 1986-2001; second period: 2001-2014 
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Figure 2. 
LULC maps of 1986, 
2001 and 2014 
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Figure 3. 
Interval intensity 
analysis for two time 
intervals: 1986-2001 
and 2001-2014 
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which 
settlement, forest and plantation actively gained in this second interval. These lOsstthe 

t 

are depicted in Figure 4, could be explained by the recent improvement 
m 

cas 

implementation of forest conservation policy, population growth, increase in Due 

and exposure of more rocks by erosion. 
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3.4 Transition-level intensity analysis 
rigure 5 illustrates the transition intensity analysis. This level of analysis explains the 

ransition between the LULC categories in terms of whether a particular LULC had been 

argeted (the highest contributing category to the changes) or avoided (was not a major 
cus category) during the process of change. For example, forest gained mainly trom 
th in both time intervals. This implies that plantation was the major type of LULC 

s onverted into forest in both time intervals compared with all other land use 

Categories (Figure 5). 
1n the first time interval, settlement and rock outcrop were converted mostly to 

im and this may have been due to the increase in bare land from harvested fams in 

sons and the exposure of rock outcrops by soil erosion. During the second interval, 

tyDes 
Settleme and savanna woodland gained from the transition of cropland to other LULC 

ntensiucl.. pe,Cropland gained from savanna woodland in both time intervals, but less 

the m iTom settlement in the first time interval. Forest, cropland and rock outcrop were 

transi Con tributors to the gain by plantation in 2001-2014. The various levels of 

onirom and to other LULC types are shown in Figure a. 
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Figure 7. T

his finding agrees w
ith the land use change analysis from

 satellite im
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n
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n in 
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r cen
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t
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 c
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a
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 b
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 c
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 d
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ra
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a
n

 c
lim

a
te

 change. O
th

e
r c

o
n
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t
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a
i
n

t
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 (4.2 p
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e
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c
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n
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f fa
rm

s by th
e c

a
ttle
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y
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u
la

n
i h

e
r
d
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m

e
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 (1.3 p
e
r cent), inadeue 
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a
g

e
m

e
n

t ability 
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m

a
in
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e 
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p

e
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cent) 
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n
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o
r
e
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rm
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n
d

s (0.10 p
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tu
d
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a
v

e
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o
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at Fulani nomadi 

h
e
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W
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s
e
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h
 
o

f p
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re is a 
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change (O
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e
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S
a
n
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a
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e
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T
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e respondents 
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ever, 
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n
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w
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o
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m
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o
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e
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u
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o
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a
r
m

e
r
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r
a
c
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e
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i 
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f
 c

e
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a
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land use ty 
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p
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s

to change th
e

in T
able lI. T

h
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o
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o

v
e
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g
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K
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o
f forest c

o
v

e
r
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a
s
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 o
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U

L
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t 4
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e
r c

e
n
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u
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f change, wie 
ap

p
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x
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ately
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er cen
t w
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st a

t th
e a

n
n

u
a
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te
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f 5
.6
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 p

e
r cen

t in the secong 

interval (2001-2014). T
his confirm

ed the observation, 
o

n
 

a global scale, that most 
lands w

e
re

 converted to
 croplands (B

ruinsm
a, 2003). C

ropland an
d

 plantation were oDse 
other crop 

plantations had increased in arcal coverage over the years. H
ence, the M

unicipan 
Rad 
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n
o

w
n

 
to have recorded high net change during both tim

e intervals. M
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r
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p
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r
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o
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a
l
 c
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m
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u
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t d
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u
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o
e
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c
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u
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is p
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a
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c
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a
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d
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n

d
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s
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A
ls

o
. d

e
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e
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n
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o

s
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a
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r
e
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o
t 
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 b

e
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a
u
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f C
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n
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d
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d

e
c
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e
a
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d

 
in 
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b
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o
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th
e 
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n
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p
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n

s). 
In

 
1986. 
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ated
 

a
n

d
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o

n
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n
d

s 
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al 
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te
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w
 

C
o

n
d

u
c
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d
 d

u
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g
 th
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ple survey . 

T
h

e
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s 
h

a
v

e
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e
e
n
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 p
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n

s. th
u

s
 C

ontributing to
 th
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u
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n
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f s

e
ttle

m
e
n

ts
 in

 th
e first 

interval S
om

e o
f 

th
e
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o
n

d
en

ts h
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e h
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m

o
v

e
 
to

 o
th

er n
eig

h
b

o
u
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g

 d
istric

ts. 

A
lso. in 1986, m

o
st o

t th
e
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n
d

s
 w

e
r
e
 d
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o
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f vegetation. a
n

d
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o
m

e
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e
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e
r
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e
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m
e
n
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, a 

c
o

n
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q
u

e
n

c
e
 o

f th
e 1

9
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3
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erry, 1995). T
h

e
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c
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a
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e
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w
a
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r b
o

d
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w
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1

n
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a
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d
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n

 o
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c
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a
s
e
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o
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of 
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n
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c
a
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h
m

e
n
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a
r
e
a
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o
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s
o

m
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m
ajor 
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e
rs 

w
ith
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th
e
 

M
unicipa ity. H

o
w

e
v

e
r. in

 th
e
 seco

n
d

 in
terv

al. this w
a
s
 m

ainly c
a
u

se
d

 by d
e
fo

re
s
ta

tio
n

. 

T
he lim

ited availability of 
w

a
te

r
 in

 2001 (B
rew

-H
am

m
o

n
d

 a
n

d
 K

em
au

su
o

r, 2007) 
w

a
s
 

the reaso 
to

r 
re

d
u

c
tio

n
 

in
 

th
e
 size o

f 
w

a
te

r
 bodies 

in the first 
tim

e in
terv

al. T
h

is 

affected the n
o

rm
al in

fio
w

 o
f w

a
te

r
 in

to
 the V

olta L
ake, causing írequent p

o
w

e
r o

u
ta

g
e
s 

in G
hana in 2002. A

dditionally. increasing farm
lands confirm

ed that population grow
th 

calls for larger d
em

an
d

 in sp
ace fo

r settlem
en

t. en
erg

y
, food an

d
 w

a
te

r
. 

In an effort to m
eet the food and energy needs, num

erous changes in L
U

L
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in 
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e M
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T

h
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a
n

d
 p

a
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n
d
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a
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l 

eosystem
s w

ere the m
ost im

portant types of land conversion (L
am

bin an
d

 M
eyfroidt. 

211). 
This 

explains 
the 

consistent 
increase in

 areas 
under cultivation in

 
the 

M
unicipality, and the increase in the production of cereals an

d
 tuber crops (A

naafo, 
2011). T

he finding w
as confirm

ed b
y

 the observation m
ad

e b
y

 resp
o

n
d

en
ts on th

e 
coaversion of forest and sav

an
n

a w
oodland, w

hich th
ey

 h
ad

 attuributed to
 th

e ex
p

an
sio

n
 

of ropland and plantation. C
onclusively, the results o

f th
is stu

d
y

 sh
o

w
ed

 th
at the 

conversion of LU
LC

 w
as because of expansion o

f farm
lands, confirm

ing th
e outcom

e o
f 

the 
study

o
n

d
u

cted
b

y
 

B
ruinsm

a (2003). 
In

 the second 
tim

e 
interval 

(2001-2014). 
CTOpland increased through the conversion o

f sav
an

n
a w

oodland, w
hile o

th
er L

U
L

C
 

cZtegories, eg
. forest, ro

p
lan

d
, rock outcrop an

d
 sav

an
n

a w
oodland, w

ere converted to 
plantation. T

his finding disagrees w
ith the conclusion draw

n by B
raim

oh (2006) that in 
s1ara, the m

ost system
atic transition o

f L
U

L
C

 ty
p

es is from
 g

rasslan
d

 to cropland, w
hile 

O
d

la
n

d
 w

as av
o

id
ed

 b
y

 cro
p

lan
d

. T
h

u
s, K

in
tam

p
o

 M
u

n
icip

ality
 co

u
ld

 b
e
 w

ith
in

 th
e
 

2gTO-ECoiogical zones, w
here the conversion of grassland to cropland is regarded as 

TSIgm
ificant (Braim

oh, 2006). Furtherm
ore, settlem

ents w
ere avoided (gained less) as 

s
o

n
 in the transition level analysis. T

h
is com

pared favourably w
ith the findings in 

M
assachusetts, U

SA
 (Pontius et al, 2004). In their study, residential category (settlem

ent) 
Sy stem

atically gained from
 forests, even though the econom

ic status of both countries is 
u

te
 different. A

lso, in B
razil (South A

m
erica), Indonesia (A

sia) and C
am

eroun (A
irica) 

re
st cover is changing at an annual rate of -0

.4
, -1

.2
 and -0

.9
 per cent, respectively, 

FOm
 199) to 2000 as a result of m

arket expansion (R
udel et al, 2005), w

hich can be 

te
d

 
to settlem

ent expansion (developm
ent). Com

parably, forest depletion in the 
C

a
l
i
t
y

 is very high (-4
.9

0
 per cent from

 1986 to 2001 an
d

 -5
.6

5
 p

er cent from
 2001 

1
4

)
.
 In 

eastern 
U

SA
, 

regional 
forest 

cover had 
declined 

to 
ab

o
u

t 4.0 
per cent, 

l
t
i
n

g
 from

 urbanisation and other land use dem
ands as factors for the loss in forest 

e
r
 rum

m
ond and Loveland, 2010). This im

plies that forest loss for settlem
ent and 

atm
and expansion trend is global irrespective of the econom

ic status and location of the 
Cntry. 
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. It is recommended that such m

ethod 
is adopted 

in future research 
to 
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sse

ss al 
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latsible scenarios of land u
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 change in the M
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