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A bstract. The paper presents and discusses the methodology used and the results obtained by the 
application o f the Principal Component Analysis (PCA) on a set o f socio-economical and land use 
data collected in the Duy Tien district (Ha Nam province), Vietnam. Objective o f this study is to 
use PCA as a data reduction method to verify if a relation couỉd be established between the 
quantities o f waste generated in a region and its land use and socio-economical characteristics. 
Data was collected by a team from the Center for Applied Research in remote sensing and GIS 
(CARGIS) at the University o f  Sciences in Ha Noi. This study is part o f the research Prọịect 
“Study the ỉand use changes and its in/luences to the waste in rural sector o f  Duy Tien District 
based on Remoíe Sensing and GIS u t i ỉ i z a t i o n The prọịect is funded by Vietnam National 
University for the period 2007-2009.

Due to the limited availability o f statistic data onỉy three types o f economic activity relation 
are preỉiminarily chosen for PCA to reveal vvhich activity is the predominant for each commune: 
Non-farming income/Agriculture Dimensions, Development o f  the Tcniary Sector/Agricuỉture and 
Non-farming Income /Built-up zones expansion. The quantity o f vvasle is than compared with the 
activity identiíìed as predominant. All these results are than imponcđ to G1S environment to give 
the cartographic presentation and to serve the fiiture anaỉysis.
Keywords: Principal Component Analysis; Waste; Land use change; Economic activity; GIS.

1. In tro d u c tio n

The paper p resen ts and  discusses the 
m ethodology used and  th e  resu lts obtained by 
the application o f  the  P rincipal C om ponent 
A nalysis (PC A ) o n  a set o f  socio-econom ical 
and land use data  co llected  in the  Duy Tien

CoTcsponding author. Tel.: 84-913300970.
E-rnail: pvchanoi@vnn.vn

65

district (H a N am  province), V ietnam . Ha Nam 
province is a rural area located about 60 
kilom eters south  o f  H a N oi, the  national Capital 
o f  V ietnam . T he  D uy T ien district has 19 rural 
com m unes and tw o tovvns. T he  rural com m unes 
all together counted  32 617 households spread 
in 139 villages back to  year 2006. A t the sam e 
tim e, the average population o f  a D uy Tien 
d istric t’s com m unc w as 7 195 persons.
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D ata w as collected by a team  from the 
C en ter fo r A pplied R esearch in rem ote sensing 
and  G IS (C A R G IS) at the U niversity o f  
S ciences in Ha N oi. This study is part o f  the 
research Prọịect “S tudy  the la n d  use changes  
a n d  its in /luences to the w aste in  rura ỉ sector o f  
D u y Tien D islrict based  on  R em ote Sensing and  
G IS  u tìliza tion”. The prọịect is funded by 
V ietnam  N ational U niversity for the period 
2007-2009.

T he m ain obịective o f  our study w as to  use 
PCA  as  a data reduction m ethod w ith the 
in tention to  verily  i f  a  relation could be 
estab lished  betvveen the quantities o f  waste 
generated  in a  region and its land use and socio- 
econom ical characteristics. SPSS w as the 
statistical softw are used to  períòrm  the  PCA.

A íirs t collection o f  analysis results is 
presented, described and discussed here in 
dep th  for application purpose. T he com ponents 
ex tracted  for the case study describe two 
d im ensions o f  the present situation o f  D uy Tien 
district: leve l o f  im portance o f  non-farm ìng  
incom e  and agriculture. T w o other series o f  
resu lts  are also brieíly  outlined and discussed. 
T he  íĩrst case exposes once m ore two 
dim ensions: the developm ent o f  the teríiary  
se c to r  and agriculture. Finally, tw o dim ensions 
w ere as well extracted for the  last case study: 
th e  leve l o f  im portance o f  non-farm ing  income 
and  the built-up zone expansion.

T he presentation o f  the results is m ainly 
based  on cartography o f  the  factor scores 
produced as a result o f  the application o f  the 
PC A  on the  dataset.

2 . M ethodo logy  a n d  d a ta

A s m entioned above, objective o f  our study 
is to  veriíy  i f  there exists a relation betw een the 
quan tities o f  w aste generated in a  region and its 
land  use and socio-econom ical characteristics. 
T h is study question is based on the fact that the

increase o f  quantity  o f  vvaste is consequence o f  
dem ographic and econom ic growth (C hristian 
Zurbriigg 2002; A urobindo Ogra 2003; Đào 
Thắm  2007). In the context o f  Duy Tien vvhere 
the econom ic developm ent level o f  19 
com m unes and 2  tow ns is quite d iíĩerent, it is 
im portant to  evaiuate the im portance o f  certain 
key factors in their econom ic activities and  to 
veriíy  the  relation o f  these driving factors with 
the w aste quantity. T hose relations are non 
farm ing incom e/agriculture, tertiary 
sector/agriculture and non íarm ing 
incom e/built-up zone expansion. T he statistic 
data w e  use in this paper are provided by the 
D epartm ent o f  N atural Resources and 
Environm ent and the D epartm ent o f  A griculture 
o f  D uy T ien  district.

In th is  study PCA  is the  main tool to seek 
such a  linear com bination o f  variables in vvhich 
the variance ex tracted  from  the variables is 
m axim al. It then takes aw ay this variance from 
the m odel and tries íìnd ing  a second linear 
com bination vvhich could explain the m aximum 
proportion o f  the  rem aining variance, and the 
process continues until all the variance is 
extracted (A gilent T echnologies 2005; M. 
M cA dam s and A . D em irci 2006). This is called 
the principal axis m ethod and results in 
orthogonal (thus uncorrelated) dim ension 
representing these d riv ing  factors w hich we use 
to  analyze and interprete the  statistic data o f  
Duy T ien . T h is approach is vvidely used in land 
use analysis (Jan Peter Lesschen, Peter H. 
V erburg  e t al. 2005).

P erform ing PCA  vvith help by SPSS was 
attem pted here w ith  the aim  o f  reducing the 
large num ber o f  original variables available 
(m ore than  150) to  a sm aller num ber o f  factors 
for m odeling and interpretation purposes. In 
Duy T ien  study there  is ra ther small num ber o f  
cases in the  available dataset (N=21 
corresponding  to  19 com m unes and 2 
tow nship). T hereíore, only  a reduced num ber o f  
variables could be used a t a  time to  allow the 
PCA to  produce signiíìcant results.
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T he “ sampling adequacy”  m easured thought 
the K aiser-M eyer-O lkin (K M O  varies from 0 to 
1 ) statistic w as also taken into consideration in 
the variable choice. W e used SPSS to  calculate 
a global K M O along w ith  an  individual KMO 
for cach variable included in the  PCA. It is 
generally  recognized in the  literature that 
overall KMO should be 0.60 o r h igher to 
proceed with any factor analysis, including 
PCA (V ines 2000 ). T he  individual K M O  have 
been used to  determ ine vvhat variables to 
exclưde from the analysis by dropping  the 
variable with the sm allest K M O  and re-running 
the PCA  until a satisfactory global K M O  is 
obtained (M arketing D ept. SPSS Inc. 2000).

O nce these m athem atical constrain ts were 
fulfilled and an acceptab le solution was 
reached, decisions had to  be m ade regarding the 
factors to  retain in the  analysis. T he main 
criteria  used have been the K aiser’s rule i.e. 
the com ponents retained w ere  the one having 
eigenvalues strictly g reater than 1. Em phasis 
w as also put on the com prehensibility  o f  the 
factors. In other w ords, the com ponents kept 
were to  those vvhose đim ension o f  m eaning w as 
readily comprehensible in the scope o f  the 
research.

Finally the factor scores in tabu lar ỉòrm at 
w here exported from  SPSS to  EX CEL and 
saved as a  DBF (dB ase IV  íòrm at) file. The 
resulting dataset w as im ported into A rcG IS. A

jo in  w as created  between the adm inistrative 
divisions (com m unes) geographic layer and this 
tabular dataset in order to  spatially represent the 
outcom e o f  the  PCA and detect potential spatial 
distribution pattem s. The sym bology used to  
“spatialize” the factor scores w as based on 
graduated co lors w hich sym bolizes the low er (< 
0) factor scores by cold colors vvhile w arm  
colors accounted for the highest scores. The 
natural breaks (“Jenks” ) m ethod proposed by 
A rcM ap w as uses create the classes. This 
m ethod selects the class breaks that best group 
sim ilar values and m axim ize the differences 
between classes. Each com ponent w as singly 
mapped using  d istinct A rcM ap prọịects.

In the next paragraphs w e vvill present the 
results o f  analysis o f  the three case studies and 
to  shorten th e  tex t w e w ill skip interm ediary 
steps o f  calculation o f  such indicators as KM O 
m easure, C h i Square Test, p value.

3 . R esu lts  a n d  in te rp re ta tio n

3.1. Case s tu d y  1: N on-farm ing  incom e/ 
Agriculture D im ensions

A ll the data  used for this case study are 
collected fo r the  year 2006. The variab les used 
to  perform  the analysis o f  this case study are 
sum m arized in T able 1 below.

Table 1. Description o f variables used for analyzing Non-farming income/Agriculture Dimensions

Variabỉe Label (english) Description
B ep ro m c u i wood_cooker Number o f wood or straw cookers íòund in the commune. 

Number of household involved in the industrial or small industry
@06Ho_CNTTCN Industryjih sector.
@06DT_lua rice area Land area dedicated to rice crop (paddy íìeld) [ha].
D ch uyendung pub licserv ivearea Land are used for public infrastructure (e.g. roads) [ha].
@06Ho_CNXD IC income Number of household with major income from industry or construction.

Agriarea* agri_area_pc Percentage of total area dedicated to agriculture [ha].

*THs íĩeld was calculated based on existing variables @06Dat_SD (total agriculture dedicated area) and 
Diei tich (total area).
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T he outcom es o f  the PCA com puted by SPSS are in Table 2. C orrelation M atrix(a below:

Table 2. Correlation Matrix(a)

wood_cooker Indusứy hh ricc area public_servive area IC incomc agriarea_pc
Correlation vvoodcooker 1.000 -.012 .846 .490 .381 .378

Industryhh -.012 1.000 .165 .647 .887 -.496
ricearea .846 .165 1.000 .711 .496 .394
public servive area .490 .647 .711 1.000 .804 -.142
ICincome .381 .887 .496 .804 1.000 -.297
agri_area_pc .378 -.496 .394 -.142 -.297 1.000

• Determinant = 0.001

Table 3. Totaỉ Variance Expỉained

Component Initial Eigenvalues
Total % o f Variance Cumulative %

1 3.227 53.785 53.785
2 2.032 33.868 87.654
3 .404 6.735 94.389
4 .240 3.996 98.385
5 .068 1.128 99.513
6 .029 .487 100.000

Exlraction Method: Principal Component Analysis

T he T able 3 presents the  eigenvalues 
calcu lated  by SPSS shovving that the first and 
the  second com ponents have eigenvalues 
g rea ter than 1, i.e., 3 .227 and 2.032 relatively. 
T he  first com ponent provides 53.8%  o f  the 
variance o f  the dataset vvhile the second 
com ponent lakes 33.9%  o f  the  variance. Hence, 
those  tw o first com ponents represent almost 
88%  o f  the  total variance existing in the data.

A s per K aiser’s ru le only the tw o first 
com ponents w ere exlracted by SPSS for the 
dataset. A  varim ax  rotation w as períòrm ed in 
o rder to  m ake factor loadings o f  each variable 
to  be m ore clearly differentiated  by factor. An 
oblique oblim in  rotation w as also perform ed 
afterw ards in order to  generate the factor 
correlation m aừ ix  w hich displays the  the 
PearsorTs r coeíĩic ien ts bctween both 
com ponents. Because th is m ethod looks after a 
non-orthogonal (oblique) solution, the  purpose

o f  is th is  operation w as to  verify  if  a potentially 
significant correlation exists betw een the 
com ponents. T he  rotated com ponent m atrix 
along w ith  th e  com ponent p lo t allow s 
distinguishing the  tw o com ponents ex tracted  by 
the PCA  as show n in T able 4.

Table 4. Reproduced Component Matrixes 

Component Matrừfa)

Component
1 2

public servive area .931 -.053
IC income .914 -.316
rice area .779 .580
Industry hh .710 -.637
agri area_pc -.094 .867
wood cooker .637 .659

Extraction Method: Principal Component Analysis. 
(a) 2 components extracted.

Rotated Component Matrixfaỉ

Component
1 2

Indusữyhh .951 -.071
IC income .917 .307
public servive area .770 .527
nce area .262 .935
wood cooker .103 .911
agn_areaj>c -.604 .630

Exừaction Method: Principal Component Analysis. 
Rolation Method: Varimax vvith Kaiser NormalizatiorL 
(a) Rotation converged in 3 iterations.
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T he first com ponent includes the variables 
rclated to  non agriculture-related revenues. This 
com ponent carries thc num ber o f  householđs 
w hose principal incom e com es from other 
w orkm anships such as m anual labors relatcd to 
construction. T he num ber o f  household being 
activc in small industries is also part o f  that 
com ponent. It is also concerned by the 
inữastructures since it includes the variable 
p u b ỉic  servive area . T he  existence o f  public 
infrastructures like pavcd roads m ay stim ulate 
the developm ent o f  the industrial sector which 
in tum  provides non-fam iing  revenues. Thus, 
this íìrst dim ension can be seen as a relative 
m easure o f  the relative im portance o f  non- 
íarm ing incomes in a given com m unity.

T he second com poncnt gathers the variables 
that rcílect agriculturc-related w ay o f  living 
such the use o f  vvood o f  (rice) straw  fueled 
devices for cooking  purpose. People tend to 
use vvood o f  straw  cooker w here these resources 
are abundant. A  high percentage o f  area 
dedicated to  agriculture as vvell as the 
im portance o f  the  net area used for rice paddles 
are also indicators o f  high levels o f  agricultural 
activitics. The second  com ponent can hence be 
seen as an indicator o f  the  relative im portance 
that the íarm ing secto r occupies in the local 
economy.

Factor Scores M apping

A lso called com ponen t scores  in PCA, 
factor scores a re  estim ations o f  the  aclual 
values o f  individual cases (observations) for the 
com ponents. T hey  are  com puted by taking the 
case’s standardized score on each variable, 
m ultiplied by corresponding  factor loading o f  
the variable for the  given factor, and sum  these 
products.

The individual ĩac to r scores have been 
com puted for com ponent 1 “N on-farm ing 
income” and com ponent 2 “ A griculture” and

mappcd to show  the  spatial d istribution o f  the 
scores. T he m apping also displays the estim ated 
quantity  o f  w aste (as kilogram s per person per 
m onth) generated in each com m une. This aims 
to help v isually  perceiving the relationship  (if  
any) betw een each  extracted com ponent and the 
w aste production in the D uy Tien district. The 
maps are presented in the A ppendix A.

“N on-farm ing  incom e  ”

There are seven com m unes vvhere the score 
for “N on-farm ing incom e” factor is g reater than 
zero. Thus, in these com m unes (H oàng Đông, 
Yên Bắc, D uy M inh, M ộc N am , C huyên Ngoại 
and C hâu G iang) the non-farm  incom e vvas 
more im portant than in the “ average” conditions 
o f  the Duy T uy  d istric t in 2006. This do esn ’t 
mean that the households in these com m unes 
did not gain any  incom e from agriculture. This 
result solely m eans that com pared to  the rest o f  
the district the  seven com m unes count more 
households vvhich w ere provided w ith a non 
agriculture related incom e. It should be noliced 
that national roads pass over five com m unes for 
vvhom the facto r scores for this com ponent are 
greater than zero.

Tw o com m unes colored in yellow  show  a 
factor score very  close to  zero for the  first 
com ponent. T h is is Yên N am  (-0 .01760) and 
Mộc N am  (0.06425). T hey  represent the  modal 
situation o f  the  đ istrict as per non-farm  income. 
The rem aining com m unes are represented  in 
cold colors. T here is relatively  less households 
in these com m unes eam ing non-farm ing 
revenue that in  the rest o f  the district. O ne can 
observe that these lovv non-farm ing incom e 
com m unes are  m ostly located in the Southern 
part o f  the d isư ict.

“Agriculture ằt

T he m apping o f  results for this dim ension 
shows that intensive agriculture tends to
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concentrate in the north-central part o f  the 
d istric t. There are seven com m unes vvith factor 
scores superior to 0 for the second com ponent 
(T iên  Hiệp, Yên Bắc, Trác V ăn, C hâu Giang, 
T iên  N goại, Tiên Nội and Yên N am ). These are 
th e  com m unes vvhere the agricultural sector is

the m ost vigorous in the d istrict based on the 
rice paddles surfaces and the percentage o f  the 
land relatively  dedicated to agriculture. On the 
opposite, com m unes vvith a less prom inent 
agricultural sector (as com pared to  the d istric t’s 
average situation) are located a t the periphery.

3.2. C ase study 2: D evelopm ení o f  the tertiary secíor /  agriculíure d im ensions

Table 5. Description o f variables used for case study 2

Variable Labcl (english) Description
@06Ho_XD

@06Ho_CNTTCN

@06Ho_TN 
@06Ho_Van_tai 
@06Ho_Dvu 
@06DNN_Bqho 
Agriarea*________

Constructionhh

Industryhh

T radehh  
Transporthh 
Service__hh 
agri_land_per_hh 
agri area^K

Number o f househoỉd involved in the construction sector. 
Number of household invoỉved in the industrial or small 
industry sector.
Number o f household involved in trading.
Number of household involved in transportation.
Number of household involved in the Service sector 
Surface o f agricultural land per household [m2] 
Percentage of total area dedicated to agriculture [ha]

The correlation m atrix com puted by SPSS show the correlations betw een the variables used for 
th is  case is reproduced as show n on Table 6 below:

Table 6. Correlation mtrix

Induslry_hh Construction_hh Trade_hh Transport_hh Service hh agri land per hh agri arca pc
Industry_hh 1.000 .105 .374 .375 .254 -.472 -.450
Conslruction_hh .105 1.000 .317 .673 .608 -.247 .069
T radehh .374 .317 1.000 .680 1563 -.442 -.309
Transporthh .375 .673 .680 1.000 .713 -.343 -.100
Servicehh .254 .608 .563 .713 1.000 -.386 .072
agri_land_per_hh -.472 -.247 -.442 -.343 -.386 1.000 .531
agri_arca_pc -.450 .069 -.309 -.100 .072 .531 1.000

(B) Determinant = .033

O ne can already see from the  m atrix that the 
variab les Industry_hh, Construction_hh, 
T ransport hh and S e rv ice J ìh  relate to  each 
o ther and tend to “cluster”  to  structure a distinct 
com ponent. T he calculated overall K aiser’s 
m easure o f  sam pling adequacy (K M O ) was 
0.703 w hich is quite acceptable in the 
conditions o f  the study. T he tw o first principal 
com ponents represent m ore than  71%  o f  the 
variance o f  the dataset (47.76%  and 23%  
relatively) as show n on T able 7.

Tabỉe 7. Quantity o f information represented by 
principle componenls

Component

1
2
3

Initial Eigenvalues 
Total % o f Variance 
3.344 47.765 
1.639 23.412 
.597 8.532

Cumulative % 
47.765 
71.176 
79.708

W e have then extracted tw o com ponents 
using the  varim ax  rotation m ethod. The Table 
8 reproduced below  displays the “ loadings" o f  
the variables on each com ponent.
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Table 8. Loading of vatriables on each component.

Component
1 2

T ransporthh .882 -.245
Service hh .882 -.108
Construction hh .829 .059
Trade hh .627 -.493
agri area_pc .161 .868
ag rijan d _ p erh h -.295 .757
Industry hh .195 -.743

T he variables rclated  to  econom ic activities 
such as transport, construction, trade and other 
scrvices sectors are groupcd in the íìrst 
com ponent. This dim ension obviously 
represents the level o f  im portance o f  the tertiary 
sector in the Duy T ien d istric t’s econom y. A lso 
knovvn as the Service industry o r Service sector 
w hich does not involve the extraction o f  
resources nor their transform ation but is based 
on the provision o f  serv ices to  businesses as 
w ell as final consum ers01. T he rem aining 
variables are all strongly related to  the second 
com ponent w hich tends to  aggregate the 
variables that directly relate to  farm ing or show 
a strong inverse relationship  w ith  it. This is the 
case for the  num ber o f  fam ily involved in small 
industries: one can assum e that there is a clear 
inverse relationship betvveen th is variable and 
the im portance o f  farm ing  activities in the local 
econom y.

Factor scores m apping

A s for the  íìrst case study presented, the 
individual fac to r scores have been extracted for 
both com ponents (developm ent o f  tertiary 
sector and  agriculture) and m apped to  show  the 
spatial d istribution o f  the scores. T he m aps are 
provided in the A ppendix  B and com m ented 
here in details. T he m apping also displays the 
estim ated quantity  o f  w aste generated in each 
com mune.

(l) Source: Insee (ỉnstitut nalional de la slalistique et 
des éludes économiques), France.

“Agriculture 'ẽ

The second com ponent shows a sim ilar 
tendency in the sco res’ distribution then the one 
observed for the first case study presented 
(N on-farm ing incom e vs. A griculture). Some 
d iíĩerences are noticeable in the intensity  o f  
agricultural activity. T hese d iíĩerences are 
partly due to  the  fact that the quantiỉe  m ethod 
proposed by A rcM ap was used this tim e as the 
classiíication m ethod to  create the graduated 
color sym bology instead o f  the natura ỉ breaks. 
H owever, im portant part o f  this dissim ilarity  
can m oreover be explaincd by inherent factors 
found in the data such as population density, 
and by the choice o f  variables. For instance, 
Tiên N goại com m une is getting the highest 
score m ainly because it has the lovvest 
population dcnsity  o f  the d istrict and thus the 
highest surface agricultural surface per 
household. O ther exam ples are Y ên Bắc and 
Châu G iang w hich vvere shovving previously the 
highest scores on the agriculture dim ension. 
This case study a lso  points ou t that, w hen 
considering as  well the role that the small 
industries are p laying in these com m unities, the 
agricultural secto r appcars less im portant than 
expected a t first glance. These p ieces o f  
iníòrm ation w ere  not taken into account in the 
first case study.

"D evelopm ent o f  the tertiary s e c to r”

On the  o ther hand, the m apping o f  íìrst 
com ponent’s scores spatially illustrates and 
com pares the developm ent o f  the tertiary  sector 
in D uy Tien. The highest scores centralize 
around both sm all tow ns especially  TT  Hoà 
Mạc. It is reasonable to  think that the  proxim ity 
o f  an urban center is a factor in the grow th o f  
business activities. This consideration seem s to 
have a greater im pact on the  developm ent o f  the 
tertiary secto r that the proxim ity o f  a  m ạịor 
road.
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3.3. C ase s tudy 3: N on-fa rm ing  incom e /  B u iỉt-up  zones expansion  d im ensions

Six  variables used to  perform  the  principal com ponent analysis on th is case study arc described on 
T able 9T able 9.

Table 9. Description o f variables used for case study 3

Variabỉe
T L tan g

@06Ho_CNXD

res ident_area00_06
D c h u y en d u n g
@06DNN_Bqho

@06Ng_NLNTS

Label (english) 
pop_growth

IC incom e

resident_area00_06
public_servive_area
agri_ỉand_per_pe

A F A_pc_income

Description
Population grovvth rate in %.
Number o f household with major income from industry or
construction.
Variation in residential suríace from 2000 to 2006 [%]. 
Land area used for pubỉic infrastructure (e.g. roads) [ha]. 
Suríace o f agricultural land per resident [m ].
Proportion o f household whose mạịor income is from 
agriculture, forestry or aquiculture. [%]_______________

The principal com ponen t analysis 
períòrm ed had extracted  m ore than  72%  o f  the 
variance o f  the dataset as  reported  by SPSS in 
the T able 10 presented here.

Table 10. Quantity o f information extracted by each 
component.

Component Initial Eigenvalues
Total % ofV ariance Cumulative %

1 2.751 45.845 45.845
2 1.585 26.410 72.256
3 .769 12.824 85.079
4 .557 9.284 94.363
5 .192 3.197 97.560
6 .146 2.440 100.000

U sing ye t again the varim ax  rotation 
m ethod, tw o com ponents vvere ex tracted  by 
SPSS. T he  table below  d isp lays the  “ loadings” 
o f  th e ir respectively re la ted  v ariab les on each 
com ponent.

Tabỉe 11. Loading o f variable on components 1 and 
2 in case study 3

Component
1 2

IC income .923 -.044
AFA_pc_income -.862 -.254
pub 1 ic se rv i v ea re a .821 -.165
pop_growth .075 .766
resident_area00_06 
agri land per pe

-.223
-.567

.725
-.695

It appears from  the ro tated  com ponent 
m atrix  th a t th e  íìrst d im ension  exừacted  reílects 
the “ non-farm ing  incom e” concentration o f  the 
D uy T ien  com m unes as in the  íirst case study 
previously  d iscussed  in details in this 
docum ent. T he  second  com ponent extracted for 
this case  holds the  variab les related to 
dem ographic (population  grow th) and land use 
change (positive  variation in residential area 
and negative varia tion  in agricultural land area 
per persons). T h is  dim ension represents the 
ex tension  o f  the  built-up areas i.e. the land 
covered  b y  bu ild ings and other man-made 
structures and activ ities(2).

F actor scores m app ing

T he m aps are  provided in  the A ppendix c. 
It is in teresting  to  have a  deeper look a t the 
m apping o f  the  facto r scores o f  the second 
com ponents (bu ilt-up  expansion). The most 
noticeable  built-up  expansion  doesn’t necessary 
happens on ly  on the ou tsk irts  o f  the tw o tow ns 
as one cou ld  norm ally  expect. Surprisingly, 
high scores are p resen t in som e o f  the m osl OÍT- 
centered  com m unes such as  Tiên Phong and

t2) As per the land cover categories proposed by the 
GTOS programme (http://www.fao.org/gtos/).

http://www.fao.org/gtos/
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Đọi Sơn. For Tiên Phong, th is situation can be 
explained tw o causes com bined . This
com m unity possesses the g reatest population 
grovvth o f  the đistrict. T h is increase in 
population puts pressure on the  residential area 
vvhich has increased by 60%  betvveen years 
2000 and 2006 vvhile the average varia tion  for 
the district w as only 44% . Furtherm ore , it is a 
fairly sm all com m une; consequen tly  it has 
initially a ra ther small su ríace  o f  land used for 
agriculture. S im ilar considera tions regarding 
the strong population grovvth (1 .17% ) and an 
aggressive increase in the residential area (70% ) 
can be applied to  the Đọi Sơn com m une.

4. C onclusion

By excluding T T  Đ ồng V ăn and  T T  Hoà 
M ạc, the tvvo sm all tovvns o f  d istricts, the 
m edian m onthly  quantity  o f  w aste  generated  in 
the rural com m unes is 9 k ilogram s per persons 
vvhile the average quantity  is 11 kg. A lm ost 
60%  o f  the com m unes (4 /7) w here the  factor 
scores for the “N on-farm ing  incom e” 
dim ension are positive show  a w aste  quantity  
greater than the average.

Hovvever, one com m une, nam ely  Y ẽn Bắc, 
has a fairly high factor score (0 .8530) for this 
dim ension but generates a  ra th e r low  quantity  
o f  waste. It is interesting to  note that this 
com m une a lso  show s the second  highest factor 
score for the  other dim ension (agricu ltu re). O ne 
possible explanation is that the  residen ts o f  this 
rural com m une are also m igran t w orkers 
betvveen the crops. T hey  can  spend  few  m onths 
outside their village each y ea r w ork ing  in the 
construction sector in the su rround ing  tow ns. 
The additional revenues eam ed  from  this 
seasonal w ork w ould exp lain  w hy this 
com m une bears a  high sco re  on the “ non-farm  
income” com ponent. O n the  o ther hand, the  fact 
that these inhabitants are tcm porary  liv ing aw ay 
from their village could exp lain  the above

average w aste quan tity  generated in the 
com m une.

M ộc N am  com m une show s an 
appreciatively  average  score for com ponent 
“N on-farm ing  incom e” and a very  negative 
score on “ agricu ltu re”  its w aste generation  is 
tw ice the  average (22  kg). T he crafì sector 
(particu larly  handcrafted  dye w orks) is well- 
developed  in th is oíT-centered com m une. This 
typical activ ity  could  explain the m ore than 
expected  w aste genera tion  o f  the com m une.

T he proxim ity  o f  a  m ajor road appears to 
have a positive im pact on the level o f  non-farm  
incom e at least for com m unes located along  by 
the  m ain  N orth -S ou th  and W est-East ax is roads. 
H ow ever, there  is no  obvious relation w ith  the 
ex istence o f  a m ain  road Crossing a  com m une 
and  the w aste quan tity  generated locally.

In retrospect, it is apparent that based the 
in íorm ation  ex trac ted  from  the D uy T ien  data, 
the quan tity  o f  w aste  generated in a given 
locality  is m ostly  determ ined  by its ủinction. 
T he  sm all tow ns o f  the  d istrict carry  out 
com m ercial and industrial activities th a t a re  not 
present (o r on ly  a t a  m uch less intense level) in 
the rural com m unes. A s a consequence o f  the 
ro le  that the  tw o  tovvns play as trade centers, 
these localized  ac tiv ities  generate m ore w aste 
than any  o ther activ ities originating from  
anyw here in the  re s t o f  the  district.

M inim ally , th e re  m ust be m ore cases than 
variab les to  perform  a  PCA. M any authors 
m ention that fac to r analysis is inappropriate 
w hen  sam ple size is below  50. Som e arb itrary  
"ru les o f  thum b" a lso  ex ist and are  w idely  used 
in practice to  ca lcu la te  the  m inim um  num ber o f  
cases required . F o r instance, accord ing  to 
B ryant and  Y am o ld  (1995), the num ber o f  
cases should  be a t least 5 tim es the  num ber o f  
variab les en tered  in the analysis. I t’s  essential to 
m ention that the  PC A  reported here do esn ’t  
com ply  w ith  th is rule: only 2 1  cases w ere 
availab le w hile  five  to  seven variab les w ere 
included  in the  m odel.
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Appendix A - Maps o f Factor Scores for Non-farming income - Agricuỉture

Appendix B - Maps o f the Factor Scores for Tertiary Sector - Agrìculíure
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Appendix c  -  Maps o f the Factor Scores for Non-farming income - Buiỉt-up expansion

F a c to r  S cores  fo r com pon en t "Tertlary Sector"  

D u y  T l« n  d l s t r l c t ,  H a  N a m  p r o v tn c *

O u an tlty  o f  w M l t

Factor S co re s  fo r com ponent "AgrícuRur* S«ctor" 

D u y  T ta n  d l s t r t c t .  H a  N a m  p r o v tn c *
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