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Introduction

land is part of the environment as a natural resource that plays a vital
in various human interests. The land is used as housing, agriculture,
2 mining, roads, and social and economic facilities building, and
30 on. The problem is that the land area is not increasing, whereas
and demand will continue to increase. Consequently, increasingly
jigh competition in land utilization has occurred and less productive
and will be converted into other utilizations such as housing, industry,
pfrastructure, and so on (Dewi & Rudiarto, 2013). Data from A gricultural
Densus in 2003 shows that from 2000 to 2002 rice field land conversion
ndonesia reaches 187.7 thousand ha per year, whereas new rice field
elopment is only 46.4 thousand ha per year (Irawan, 2005). It means
there is a decrease in the rice field area of 141.3 thousand ha per
The worst yet come since the rice field conversion in Java Island
, still massively and accumulatively increasing, whereas soil fertility
} Java Island is four-time of soil outside Java Island (Sutomo, 2004).
lead of the Agricultural Department of Semarang City, Rusdiana (2014)
ates that agricultural area in Semarang region is decreasing every year
e to land conversion. The rice field of agricultural land area in the
ion decreases by 5 - 10 percent. Based on data from the Agricultural
partment of Semarang City, the rice field area left in Semarang City
nly 3.700 ha spread in Mijen sub-district area, Gunungpati, which is
eo sub-watershed. He explains that the decrease is related to many
lands clearing for housing and industry that is also occurred in other
s (Office of Agriculture, Semarang, 2016). The agricultural land
rersion has a direct implication on the decrease in food production in
arang City and indirectly on the decrease in environmental quality
vironmental carrying capacity.

ultural land conversion will influence resource production,
”,: ly agricultural products. Consequently, it will reduce the food
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resource supply. According to Rees (1996), an ecological :
tool for planning toward sustainability. It is an instrument fo
(accounting tool) that allows us to estimate the human need
consumption and waste assimilation on several human popul
ecological footprint is thus a weight/ load measure of sey
populations on the natural environment. It reflects the ai
support resource consumption levels and waste dtsposal |
the population. Agricultural land conversion in Semarang
impact agricultural land area and further, the decrease in en
carrying capacity, particularly food supply. The decrease ﬁl‘f: i
land means a decrease in green open space and water habitat.
economic aspect, it will reduce food security for agricultural prod
As regards farmer community they will lose their job if they
shift to other professions and their purchasing power reduces.
on the economic, social, and environmental aspects, agriculturz
conversion equal to the loss of water pockets (rice fields, fis
ponds) that have the potential to reduce flood and groundwate
Particularly, the loss of water pockets located in the upstream p
produce a flood in the rainy season and drought in the dry
the downstream part. Furthermore, agricultural land serves
pollutants and absorb CO, in the air. Agricultural land conv
thus influence environmental carrying capacity, especially bi
Based on the problem, research in the “Effect of Agricul
Conversion on Ecological Footprint and Bio-capacity of Se
Suburbs™ is crucial to be conducted.

The change in agricultural land utilization in the Semarang

because of development has resulted in changes in land resc
and quantity. An intensive land utilization change pattern
agricultural to non-agricultural land (housing, industry, in:
so on). Agricultural land, in this case, is vegetation land ¢
rice fields, moorland, yard, pastures, and forests. Accol
32/ 2009 on Environment Protection and Managemer
carrying capacity is defined as the ability of the envi
human life as well as other organisms, Environments
comprises two aspects: carrying capacity as re
capacity) and capacity, which is environment abilit
resulted from human activities. This research focuse
capacity as a supplier (bio-capacity). The ecological
the number of natural resources used by a pop:
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‘? ogical footprint concept firstly introduces by Rees and Wackernagel
2 1990s (Sudanti, 2013). According to Wackernagel (1997), natural
ource consumption of 80 percent of the world population in 1996
as exceeded one-third of the ability of nature to restore it, whereas it
vas only a quarter in 1992 (Hadi, 2012). The natural environment can
sstore itself from pollutant damages. However, the natural destruction
Iutlon) is more intensive; therefore before nature has a chance to
e the pollution weight has increased.

f«u ding to data, Indonesian ecological footprint value in 2012 is 1.6
al hectare per people (gha/ people) and its bio-capacity is 1.3 gha/
_1 pple: The value indicates that every individual in Indonesia, on average,
)eeds a productive land of 1.6 hectares, which is a deficit of 0.3 gha/
seople. American people have an ecological footprint of 9.7 gha/ people,
Buropean of 4.7 gha/ people, Chinese of 1.6 gha/people, Indian of 0.8 gha/
eople, and Japanese of 4.8 gha/ people (Ewing, 2010). It also suggests
L behaviour patterns in Indonesia in terms of food, residence,
bon emission, energy used and renewed energy, and behaviour pattern
rds goods in the environment. Competition between sectors will
ate the most economically profitable land utilization. In other words,
Ingbest land value will replace land utilization with the lowest land
. As a result of changes in land resource quality and quantity, in
1 e, land area and land utilization type, food supply availability
roduced by the land will be affected. How is the influence of changes
land utilization on bio-capacity and environmental carrying capacity?
ow is the ecological footprint in the Semarang City suburbs that
periences substantial agricultural land conversion? How much land
e ;ﬂ eeded to fulfil the population’s resources requirement? These
guestions to be answered in this research. Purposes to be achieved
' de (1) spatnally, statistically, and descriptively analyse the dynamics
nd change in Semarang City suburbs (urban fringe) in the period
002 - 2016; (2) analyse the relationship between land conversion
" anc agricultural bio-capacity that is used to predict environmental
Ing capacity (ecology) of Semarang City in the future in the suburbs
1at consists of Mijen, Gunungpati and Ngaliyan sub-district.

cope of the chapter comprised regional scope, material scope, and
cope. The scopes aimed to limit problems in a certain area, namely
b areas of Semarang City with a sample of Mijen, Gunungpati, and
yan sub-districts. The time scope was from 2002 - 2016 as Kreo
atershed. The chapter material scope related to the first scope was
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a spatial pattern that consisted of land utilization type, changes in land
utilization, area, distribution, change pattern (modus), and agricultural
land conversion intensity (Yunus, 2010). The Bio-capacity of each
sub-district could be calculated based on data of each land utilization

area. According to the result of the household consumption survey,
the ecological footprint per capita could be identified, and then the
total ecological footprint. The environmental carrying capacity could
be calculated using a ratio between bio-capacity and total ecological
footprint. The analysis method of land conversion spatial pattern was
conducted using analytic descriptive to identify whether the pattern is
spread, cluster, swarm, and so on. To calculate the ecological footprint
and bio-capacity, the following formula was used.

EF = (P x YF x EQF)/ YN

where;

EF = ecological footprint (TE).

P = number of products harvested or waste produced.
YN = average national productivity for plant P.

YF = yield factor.

EQF = equivalence factor (for given land category).

For ecological footprint calculation, yield factor of GFN was used. e
Following is the bio-capacity formula:
BK=Ax YF x EqF

Where;

BK = Bio-capacity (BC).

A = Land area of each land category.

YF =Yield factor.

EqF = Equivalence Factor (for land category).

To calculate environmental carrying capacity, Vitousek e

out a concept of appropriated carrying capacity (ACC).
carrying capacity is defined as land needed to provide nal
and absorb disposed waste. This new concept of environt
capacity could calculate the number of bio-produc
area, community, and even household. Envnronme ca
is conceptually a comparison between bio-capacit
footprint. The formuia is:
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= BKcpt - Jecpt

= Environmental carrying capacity
t = Bio-capacity per capita
t = Ecological footprint per capita

; is positive means a surplus condition,

L =0, means a threshold condition,

L is negative, means a deficit condition (overshot) or the carrying
f"_a is exceeded (Muta’ali, 2012).

s in the Ecological Footprint

gral land conversion level was different from one sub-district
er depending on the physical, demographic, and socioeconomic
‘ n of each area. The analysis unit used a sub-district analysis

ed on the land utilization type, Mijen sub-district had the most
' lypes) due to the use of plantation land and waters (Jatibarang
). The highest or fastest change of the three sub-districts (Mijen,
agpati, & Ngaliyan) could be identified. Changes in land utilization
be seen in Table 7.1. The three sub-districts have different land
» change patterns. The largest land conversion in Mijen Sub-
as from rubber plantation to housing. Gunungpati sub-district
d the largest conversion from rice fields to housing or
2 largest land conversion in Ngaliyan sub-district was from
d shrubs to housing. There were also common conversion
Jands (rice-fields) to drylands (moorland, yard, shrubs)
ing, industry, and infrastructures (built lands).

ak
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7.1: Changes in land utilization in Mijen, Gunungpati, and

Ngaliyan sub-districts
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The ecological footprint in a population estimates th ;::.-:
and water needed for the population to produce all cc

absorb waste produced by the population (Wackerr
level of ecological footprint influences by the total opula
economy. The higher the economic level of a populatlon,

ecological footprint (Table 7.2).

Table 7.2: Changes in total ecological footprint in 2_”
4

_. L

-v,—- e

No | Sub-district | Year 2002 | Year2016 | Changes |
inTotal | &
Total EF Total EF F
@) | (gho) | EF@ |
1 | Mijen 9.606,95 | 14.530,27 ' ‘
2 | Gunungpati | 8.170,93 12.245,50
3 | Ngaliyan 18.340,93 | 22.800,09 | 4.459,16

The total ecological footprint is the result of the estim”"-

ecological footprint (total EF) of the three sub-districts exp
increase. The highest increase was experienced by Mijen
(51.25 percent) due to its high population growth. The lar
ecological footprint was Ngaliyan Sub-district because 1t 12s the
population (Figure 7.1). :

25,000.00
20,000.00
15,000.00
= 10,000.00
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Gunungpati
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Figure 7.1: Changes in ecological footprint n 2
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2s in Bio-Capacity

: '- capacity level is determined by the typc of land utilization and
utilization area. In the same land area, rice field land utilization
‘9 gher bio-capacity than moorland or pasture since the rice field
larger productivity than the other two lands. The change in land
ation will influence bio-capacity ability. The narrowing agricultural
[(forest, plantation, rice field, and moorland) will decrease the ability
_j,-v ide resources. Based on Table 7.3, bio-capacity describes land
ity to supply resources needed by a population. Bio-capacity in the
e sub-districts showed a decrease. The highest decrease was found in
n sub-district that reached 70.5 percent. It is supported by data that
sub-dnsmct experienced the largest land conversion (-446.81 ha),
cially plantation land conversion. The bio-capacity of Gunungpati
f'--~-' by 30 percent, where rice field land conversion mostly
urred in this area.

Table 7.3: Changes in bio-capacity in 2002 and 2016

o | Sub-district | Bio-capacity in | Bio-capacity in | Change (%)
" 2002 (ha/cpt) 2016 (ha/cpt) (ha/cpt)

0,22 0,07 -0,15 70,5

0,16 0.12 - 0,06 30,0

0,07 0,07 - 0,00 10,9

0.19 0,09 -0,07 37.1

decr in bio-capacity caused by two factors, an increase in
ation and a decrease in land area. The main contributor to the
e of bio-capacity in Mijen sub-district was rice field land
1 (-408.67 ha) where rice field land has the highest productivity
actor) compared to other land utilizations. The average decrease
»-capacity of the three sub-districts was 37.1 percent. Figure 7.2
es a graph of changes in bio-capacity.
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Figure 7.2: Changes in bio-capacity in 2002 -2

Changes in Environmental Carrying Capacity

Environmental carrying capacity is conceptmﬂy
between ecological footprint (demand) and bio-capz

environmental carrymg capacity is positive (+) then th
On the contrary if it is negative (-) then the area is defi
Changes in environmental carrying capacity are influenced |
and supply factors for resource consumption. The dema
affected by the total population and population econo |
supply factor is affected by the productive land areaand and d pre
(Table 7.4). i

Table 7.4: Changes in environmental carrying capaci
and 2016 R
No  Sub-district  Environmental Environmental

carrying capacity in - carrying capacity in

2002 016

| Mijen 0,015 009
2 Gunungpati 0,020 0034
3 Ngaliyan 0,119
Rata-rats 0,051 0,087

In 2002 only Gunungpati Sub-district had good en vir
capacity (ECC positive). It could be interpreted
carrying capacity at that time was in a condition tha

112



Land Conversion and Decrease in Environmental
Carrying Capacity of Kreo Sub-Watershed in Semarang City, Indonesia

the resources requirement needed by its population. Mijen sub-district
:‘.-« a small deficit; however, the three sub-districts were
il deficit in 2016. It meant overexploitation on the environment or
pvershoot where the ecosystem is no longer capable of supporting the
pulation requirement (ecological deficit). There was no doubt that
\, & en and Gunungpati sub-districts as a development area of Semarang
Oity had decreased the areas’ environmental carrying capacity.
| erefore, resources (foods, energies, materials) import from other
regions increased. Environmental carrying capacity in 2016 for the three
» districts experienced a decrease in average of 0.040. The largest
}~ ease was found in Mijen sub-district of 0.084 in the last 14 years.
Ihe lowest decrease was in Ngaliyan sub-district because there were no
,‘,’- agricultural lands that could be converted (see Figure 7.3).

Carrying Capacity Changes 2002 and 2016

0.04

e Mijen Sub-District Ngaliyan Sub-District

-
-0.02 3
~0.04
- Gunungpati Sub- Dnstnct
-0.08

-0.1
-0.12
-0.14

® 2002 5 2016
re 7.3: Changes in environmental carrying capacity (ECC) in 2002
and 2016

creasing environmental carrying capacity will affect quality,
a decrease in urban open space. Therefore, an increase in local
emperature, runoff and flood and a decrease in groundwater reserves,
msion of critical land, and so on. The socioeconomic impact of
tural land conversion includes fewer jobs in the agricultural sector
n increase in unemployment or industrial labour. On the other hand,
pansion of the industrial sector to rural areas could trigger a shift
ﬁ'om traditional to modern. Figure 7.4 indicates the expansion
rland and housing in Mijen sub-district. Moorland or dry land is
”"_u. of temporary land utilization since it will finally become

nd (housing, industry, etc).
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Figure 7.4: Changes In land utlhzatlon in MlJen sub dlstnct

Conclusion

The spatial pattern of agricultural land conversion and determinant
factors of land conversion is influenced by population growth factors.
The largest agricultural land conversion occurred in a rubber plantation
in Mijen sub-district of -466.81 ha, whereas the largest converted land in
rice field agricultural land occurred in Gunungpati sub-district (-408.67
ha). The highest decreased bio-capacity in 2016 was in Mijen sub-district
of 70.5 percent and followed by Gunungpati of 30.0 percent. According
to the trend in the decrease in environmental carrying capacity from 2002
to 2016, Mijen sub-district was the fastest (-0.084 gha). The decreaseﬁ
ECC will have an impact on environmental quality, such as microclimate
change, flood, decreasing groundwater level, expansion of crltlel'
and drought, and so on. The changes in land utilization or agricultu
conversion will bring a long impact both physically, environment:
socioeconomically. The problem is that the agricultural land co
phenomenon cannot be avoided due to urban activity devgl" 1en
requires land for various interests.
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