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A bstract. Rcccntly, Ihe rcscttlcincnt aclivitics of Son La hydroclcctric powcr station (SHPS) have 
becn carrying out wilhin llircc provinccs: Son La, Lai Chau, and Dicn Bien. The main problcm is 
that with limited land fund for rcsettlcmcnt (each household has about 1-2 ha o f  agricultural land 
in avcragc [6]), tìic laiid usc and argicultural production orgaiiization sliould bc ensurc favorable 
conditions for rcsctllcd pcoplc.

Ycn Qiau District, Son La Province is OI1C of the rcsctllcmcnt arcas o f SHPS prọịcct. Until 
2008, 273 households have rcscttlcd 111 8 areas bclonging to 5 communcs o f tlic district. Bascd on 
the asscssmcnt o f prcscnt conditions o f laiid usc, laiid usc plaiining, and argicultural production 
organization for rcscttlcd pcopỉc, Uic arcticlc havc proposcd Sonic mcasurcmcnts for suslainablc 
land usc and Ihc modcls o f ccological cconomic, houschold that havc high cconomic, social, and 
cnvironmaital cíĩcctivcncss.

1. P ro b lem  defin ition

Land use and a r g ic u l tu r a l  production 
organization for resettled people are the 
im portant problenis that need to  be solved a t the 
s ta rt o f  the Son La hydroelectric pow er station 
(here after as SHPS) project. In the T an Lap 
resettlem ent area - one o f  the íìrst resettlem ent 
sites o f  the SHPS project, each resettleđ 
household  w as allotted 3000 - 5000 m2 for 
p lan ting  grass to raise m ilking cow s vvith tw o
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cows, or an assigned area for grow ing tea ơees. 
This m odel is evaluated  as ineíĩective by the 
m ain reason that it is not suitable for the habits 
and capabilities o f  resettled  people. Concrete 
planning by consultancy for resettling  areas o f 
Son La Project has recently  taken that lesson by 
putting m ore attcntion to  “\vhat to produce” to 
stabilize condition and  production activity. 
H owever, land use and agricultural production 
planning are based  only  on econom ic
effectiveness, ignoring the social and
environm ental aspects. For example, for
resettlem ent w ork  o f  SH PS project in Yen Chau 
D istrict, the p lann ing  rq^orts are focused only
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on identiíying the land  fund and  areas of 
agricultural ỉand reserved  for households, and 
proposals for continuing planting o f  annual and 
perennial plants in steep land w ithout any 
solutions for the follow ing problem s:

- O rientations on land use and agricultural 
production organization for ensuring stable 
long-term  production activities o f  resettled 
people in the new  sites.

- M itigation o f  land  degrađation and erosion 
when p lan ting  annual crops. M ost o f  areas in 
Yen C hau District a re  m ountainous and hilly 
areas. A ccording to  research results in 8 
resettlem ent areas, the land w ith  slope m ore 
than 15° consists o f  92%  o f  the total area, while 
the rest area o f  land is only 8%.

- M ost o f  resettled  people in Y en Chau 
District are the Thai ethnic group. They have to 
change their cultivation habit from  paddy rice 
to upland rice cultivation on stecp land.

- Lack o f  attention o n  support for 
production, education, and ừ ansíer o f  high- 
effective and sustainable land 11se  models.

- T here are som e problem s in  term  o f  social 
relation betw een the resettled  and  local people. 
In fact, the local peop le  have to share the land 
fund for resettled  ones, bu t they are 
insigniíĩcantly  benefited  from  investm ents o f 
the fund for resettlem ent activities.

2. S cien tific  b a se  o f  la n d  use a n d  a g r ic u ltu ra l 
p ro d u c tio n  o rg a n iz a tio n  fo r  re se ttled  people 
on th e  v ỉew p o in t o f  su s ta in a b le  developm en t

R ational use o f  natural resources, including 
land resource, is given a special attention in the 
m ost countries o f  the  w orld. A ccordiog to 
researches conducted by U nited N ations, the 
conditions for rational use o f  som e reserved 
resources are: i) quality  and advantages o f  
position; ii) the requirem ent for satisfying the

needs o f  a certain group o f  residents; iii) the 
effectiveness o f  possib le results; iv) the 
possibility to m aintain those results for a long 
period; v) the investm ent cost; and vi) the 
im pacts o f using these resources on other 
activities o f residents. Ln order to rationally use 
reserved resources, especially w ater resource, it 
requires a com prehensive socio-econom ic and 
political cooperation. The success also depends 
on the avvareness o f  the society on the prob lem
[1]. Several scientists tried to  give a deíin ition  
o f  rational land use. An attention is g iven  to  the 
deíinition o f  R ussian  scientist - v.p. Troiski: 
"rational land use is the use in  accordance w ith  
the interest o f  econom ics in general, an d  it has 
the highest effĩciency w hile ensures a non- 
negative im pact on environm ent and  protects 
effectively the land fim d" [2].

In the condition o f  lim ited land resources 
and grow ing pressure o f  land use, the rational 
and sustainable land use for fulfilling the needs 
o f  not only current b u t also the next generations 
becom es m ore im portant. FAO poin ted  out 5 
m ain principles o f  sustainable land IIse [7]:

1. M aintaining and  im proving productivity;

2. M axim izing security;

3. Protecting potential o f  natural resources 
and preventing degradation o f  soil quality;

4. Econom ic viability;

5. Social acceptability.

There are m any  provinces in  the 
m ountainous areas o f  V ietnam  that have a 
com plex topographical condition and  a land 
fund consisting o f  steep land (in som e areas 
m ore than 90%  land have slope m ore than 25°). 
In this condition, the  p rob lem  o f resolving the 
relation betw een environm ental pro tection  and 
socio-econom ic developm ent (food security, 
poverty  elim ination,...) has a  contradicting 
character. H owever, this contradictíon can be 
resolved Stq3 by stqD based  on the proposal o f  a
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su itable land use m odel that has both  socio- 
econom ic and environm ental beneíĩts . T here are 
three basic  requirem ents:

- In te rm  o f  econom y, it has a relatively 
high effectiveness, acceptab le by the m arket;

- In te rm  o f society: it attracts labors, 
provides em ploym ent and  im proves living 
Standard o f  local people;

- In term  o f  envừonm ent: it reduces and 
prevents soil degradation  and  pollution; 
im proving environm ental conditions.

For achieving rationality  in land use 
tow ards sustainable developm ent and ensuring

agricultural production effectiveness o f 
resettled  people, the ecological-econom ic 
approach in  spatial p lanning has proved its 
effectiveness. E stab lishm ent o f  m odcls o f 
ecological econom ic household  is based on 
determ ination  o f  w hat to  p lan t and breed in 
accordance \vith the ecological conditions o f  the 
territory and  cultural level o f  the local people. 
B ased on the assessm ent o f  conditions o f the 
study area, especially  the ecological statiis o f 
land resources and  the attributes o f  econoniic 
and social lifc, suitablc for rcsettlcd people 
m odels o f  m odcls o f  ecological econom ic 
household and  land Iise are established (Fig. 1).

Fig. 1. Framework for building modcl o f ecological-cconomic system and laiìd usc in thc rcscltlcmcnt sitcs.
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3. A ssessm ent o f n a tu ra l ,  socio -econom ic 
condỉtions an d  la n d  fu n d  fo r  SHPS*s 
re se ttlem en t vvork in  Y en  C h a u  D is tric t

Yen Chau is a  m ountainous D istrict o f  Son 
La Province. The district is located  in  64 km  
aw ay from  Son La City, it has 47 k m  o f 
boundary line w ith Laos. T he d istric t is crossed 
by the N ational road N o 6, p rovincial roads N o 
103 and 104, w hich m ake favorable conditions 
for cooperation and develop ing  a m arket 
economy.

A ccording to  the R esettlem ent Plan o f  Son 
La Province, around 750 households are p laned  
to be resettled in Yen C hau D istrict. M ost o f 
them  are the T hai ethnic group from  Q uynh 
Nhai D istrict [4]. Until A ugust 2008, the d istrict 
resettled 273 households to  e igh t resettlem ent 
areas in íìve com m unes: T u  N ang, Long 
Phi eng, Phieng K hoai, Y en Son, and  M uong 
L u m  In general, these areas have relatively 
favorable natural and socio-econom ic 
conditions, bu t there are still som e difficulties 
for the resettlem ent.

N atưral conditions:  M ountains and  h ills are 
the dom inated topographic features in Y en 
Chau District. A s a result, the resettlem ent areas 
have a com plex topographical condition, m ost 
o f  them  have a slope m ore than  15°. These 
rnake diffĩculties for living, agricultural 
production organization, and  transportation. 
A m ong the eight resettlem ent areas, only the 
one in Tu N ang is located in  the Y en C hau 
valley vvith elevation about 40 0  m, the others 
are located in highlands w ith  elevation  from  
900 to  1000 m

Yen C hau D istrict has a m onsoon  clim ate 
w ith an average rainfall o f  about 1400 mm, but 
there are notable differences from  place to 
place. The resettlem ent areas located  in valleys 
are affected by  southw est w ind  from  Laos. 
They ha ve a  h igher average tem peratu re and 
m ore sunny days, w hich are  favorable for

p lanting cereals, annual plants, and  tropical 
fruit-trees. Hovvever, since the rain íall season is 
concentrated  in the  period from  M ay to 
O ctober, there is an acute shortage o f  w ater for 
irrigation in the d ry  season  from  N ovem ber to 
April. T he rese ttlem en t areas located in high 
elevation areas have a cool and w et clim ate 
w hat is favorable for cattle b reeđ ing  and 
planting tea, sub trop ical fruit-trees, etc. 
H owever, these areas still have lim ited  water 
resources, especially  in the dry season.

The m a in  su ríace  vvater resources in the 
d istrict a re  N am  Pan, V at, and Sap stream s, and 
the sy stem  o f  sm alle r stream s. H ow ever, these 
stream s usually  are đried  in  the dry season that 
leads to the sh o rtag e  o f  w ater resource.

The pedologic  p a tte m  o f  the resettlem ent 
areas a re  d iv ided  in to  som e soil types, including 
red - yellow  hu m ic  soil type íorm ed in 
m etam orphic rock th a t taking largest area, and 
other types as deluv ia l soil type íorm ed in 
valley, red  - b ro w n  soil type form ed in 
lim estone and  red  - yellovv soil type altered  by 
exiting paddy  cultivating.

Socỉo-eco ììom ỉc condỉtions: in 2008, the 
popula tion  o f  Y en  C hau  D istrict is 64483 
people belong ing  to  six  ethnic groups. These 
are  T h a i (53 .6%  o f  population), K inh (19.2% ), 
H 'M ong (12 .7% ), S in h  M un (8.9% ), Kho M u 
(0.4% ), and  M uong  (0.2% ). T he people o f 
ethnic groups live as com m unities, creating 
separate and  independen t villages. T he Thai 
group m ainly  lives in  low  elevation areas. This 
m akes favorab le  cond itions for resettled  people 
to  in tegrate  in to  the local com m unities. M ost o f  
ethnic peop le  liv e  base  on agricultural 
production. T he p ro d u c tio n  m odel o f  the  Thai 
ethnic group is a trad itional m odel paddy íĩe ld  - 
rice te rrace  - garden  - husbandry in  integration 
w ith  forestry. T he  S inh  M un and  H 'M ong 
people already use the m odel ío restry  - rice 
terrace - garden  - husbandry.
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The infrastructure in the resettlem ent areas 
has been  invested. There are som e new ly 
constracted  roads connecting the resettlem ent 
areas to  the national and provincial roads o f the 
district. The local roads inside resettlem ent 
areas are developed too. T he w ater and electric 
supply system s are constructed and  ready for 
use. Each resettlem ent area has its ow n system  
o f  social services (kinder gardens, schools, 
c u l tu ra l  and com m unal house,...). These w ill 
greatly help the resettled people in  theừ new sites.

The assessm ent results show  that through 
there are still som e difficulties, but in  general, 
the natural and socio-econom ic conditions o f  
Y en C hau District are relatively  íavorable for 
the resettled  people.

Land fund  for resettlem ent: It is deĩined in 
the detailed  planning o f  each  resettlem ent area. 
In those eight areas that already received 
resettled  people, each household  has in average 
400 m2 for m aking house, garden,... and 1.5 ha 
for agricultural production. Hovvever, in som e 
areas, such as Phieng Khoai, Yen Son, due to 
som e problem s in land recovery from  the local 
people, each resettled household  still has only 
about 1 ha for agricultural production.

4. M odels o f eco logical-econom ic sy stem  an d  
la n d  use fo r SH P S  rese ttled  peop le  in  Y en  
C h a u  D is tric t

B ased on the assessm ent o f natural and 
socio-econoniic conditions, as w ell as the 
current status o f land fund in  the resettlem ent 
areas, it can be seen that the m odels o f  eco- 
econom ic system  suitable for resettled 
households are the follow ing m odels: 1) forest - 
rice  terrace - paddy field  - garden - husbandry; 
2) forest - rice terrace - garden - husbandry; 3) 
paddy field  - rice terrace - garden - husbandry; 
and 4) rice  terrace - garden - husbandry. In 
these m odels, the "husbandry" part includes

cattle and  poultry  breed ing  w ith estiniated 
num ber o f  3-5 pigs and  2-3 bu íĩa loes o r cows 
for each household . This vvill, along  w ith 
cu ltivation activities, contribute a signiíĩcant 
incom e for resettled  people. Based on the 
current p rice  o f  pork  and beef, the incom e o f 
each househo ld  from  breeding is estim ated 
abou t 10-15 m illion V N D  per year. The 
experienced  households can b reed  the Sin 
cross-bred  cow s for a m ore effectiveness. The 
initial investinent for breeding can be taken from 
the resettlem ent support fund  o f  SH PS project.

In land  allocation, though the area for paddy 
íĩe ld  is lim ited  b u t it m ust be d istributed for all 
households in  o rder to help them  to  stabilize 
their life and  partially  fulfìll the requirem ent on 
food. T he  land  for forestry is recom m ended to 
be allocated  (2-3 ha per household) to  those 
households that have enough  labor íorces for 
forest p lan ting  and  protection. The area for 
perennial p lan t is recom m ended as 1.5-2.0 ha 
per houselio ld  depending on the status o f  land 
fund  in  every resettlem ent areas. Furtherm ore, 
cach  househo ld  should  have 100-200 m o f  
garden  for p lan ting  vegetables and fru it trees. 
The o rien ta tion  on choosing  a suitable planting 
system  for resettled  households is based  on the 
analysis o f  socio-econom ic and environm ental 
effectiveness o f  the m ain  land  use types in the 
district:

- L and  for corn  planting: com  is the main 
cereal p roduct o f  the district. In 2007, the 
d istrict h ad  9888 ha o f  co m  w ith an  average 
p roductiv ity  o f  4000  kg /  ha [5]. The com  has a 
higlì econcin ic  effectiveness w ith  p ro íĩt o f 
about 9 m illion  VND /  ha (Table 1). In recent 
years, som e high effective types o f  C01TÌ have 
been  applied. H ow ever, the corn m onoculture in 
the slope area can lead to soil erosion and 
degradation.

- L and  for cassava planting: cassava can be 
supp lied  to the T apioca P roduction Plant in Mai
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Son District. The area for cassava p lan ting  was 
1105 ha in 2007 year. T he average p roductiv ity  
is about ỉ 0000 kg/ha. Hovvever, the 
cffectiveness o f  cassava p lanting is no t high 
enough, only about 5 m illion  VND /  ha. 
M oreover, the land  for cassava p lanting is 
strongly eroded.

- Land for soybean and peanut planting: 
these cereal are p lanted in the sum m er-au tum n 
season. They are su itab le  for the soil in Y en 
C hau District w ith higlì econoniic  effectiveness 
(6-7 millions VND /  ha). Soybean  and  peanut 
can be planted in m ix w ith fru it-trees for better 
use o f land.

- Land for co tton  p lanting: co tton  is an 
industrial crop that are p lanted in T u  Nang, Sap 
Vat, Chieng Hac, and C hieng K hoi com niunes. 
The cotton has a relatively  h igh  econom ic 
effectiveness o f  about 7-8 m illions V N D  /  ha. 
Hovvever, due to the low  quality  o f  p lan ted  
cotton variety and duc to the requ irem ents on 
high technology, the p roductiv ity  o f  cotton is 
not stable.

- Land for tea planting: T ea  is p lan ted  in 
high elevation area and  íron tier areas. It has a 
high econom ic effectiveness, reach ing  9 
millions VND / ha. In 2007, the d istric t has 393 
ha o f  tea, having productivity  o f  1501 tones in 
total. Tea planting becom es an  activ ities that

help  to makes new  jo b s  and im prove incom e for 
local households.

- Land for fruit tree planting: tropical fruit- 
trees, such as m ango and longan, are quite 
suitable w ith soil and clim ate conditions in the 
Y en C hau valley. H ow ever, at present they are 
m ainly  planted only  in the gardens o f 
households w ith econom ic effectiveness o f  
about 8 millions VND/ha. W ith a  good 
investm ent and insect prevention, an hectare o f  
m ango  and longan can  give a proíit o f  about 15- 
20 millions VND per year. T he sub-tropical 
fruits, such as plum , apricot, persim m on, peach, 
etc., currently are p lan ted  in high clcvation area 
and ử on tier areas, b u t m ainly in the gardens o f 
households.

- Land for g rass planting: it is required  for 
breeding buffaloes and  cow s w hich have a high 
econom ic effectiveness. G rass also has a  ability 
to  prevent the soil erosion. The grass íĩelds for 
breeding the high quality Sin cross-bred cows 
shou ld  be allocated in the foot hill sides and in 
the easily irrigated areas.

- Land for forcst planting: this type o f  land 
use should be allocated  in thc areas vvith slope 
m ore than 25° and  in the hilltops for 
environm ental p ro tection  purposc. R esettled 
people can com bine production forest p lanting 
w ith  pro tection  ío rest preserving purposes.

Tablc l. Eco-cconomic cíTcctivcness ofm ain land usetypes in Ycn Q iau Dislrict

Land usc typc Economic cíTcctivciicss 
(av>ỉ. Profít, 10' V N D /ha)

Social eíĩecls Ecological and environmcntal 
eíTect

Com plaiiting 9130 Being llie major cereal Monoculturc lcads to soil
Products dcgradation

Cassava plaiiting 5160 Have consumcr necds Soil is higlily erodcd and dcgradcd
Bcan planting 7770 Accepted by peoplc Can improvc soil
Pcanut plaiiting 6360 Acccpted by peoplc Can improvc soil
Cotton planting 7770 Only on the tcst stage, being The soil is quickly cxhausted

stiỉl not accepted by people
Tca planting 9084 Accepted by people Good capacily o f  crosion

prcvcntion
Fruit-ưee 8265 Being planted mainly in Erosion prcvcntion
(raango) plaiiling gardcns
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Based ọn the characteristics and 
effectiveness o f  the above describeđ land use 
types, one can propose a land use model 
according to  the segm ents o f  the model o f  eco- 
econom ic system  for the resettled  people as 
follows:

- Forests: planting local trees likc Tectona 
Grandis in the hilltops, hillsides w ith steep 
slope in order to regulate \vater resoiưce and 
m itigate erosion.

- Terrace íields: p lanting one crop o f  com  in 
sum m er-autum n season in mix w ith  lanes o f  
peanut, bean or grass for preventing erosion. In 
the areas with a high m oist keeping capability, 
it can have an  additional crop o f  peanut in 
spring-sum m er season, and a crop o f  soybean 
and com  in autumn-vvinter season.

The gently slope hillsides vvith a good 
irrigation capability can bc used as grass íielđs 
for cow breeding.

Paddy íields: applying intensive
cultivation o f  rice, using new  rice varieties to 
increase productivity.

- Gardens: planting perennial trees (fruit- 
trees and tea) in the gardens o f  those 
households that are w illing to  do and have 
capabilities. In the early stage, it is 
recom m ended to  mix with lanes o f  soybean, 
peanut for better utilization o f  land  and soil 
erosion prevention. T he gardens inside living 
areas o f  households can be used to  plant 
vegetable, cereals and fruit-trees.

I f  the above described production structure, 
the estiniated average incom c o f  a resettled 
household through cultivation activities is about 
12-15 millions V N D /year, in com bination with 
breeding activities, the total income o f a household 
can be around 20- 25 m illions VND /year.

In order to  increase the econom ic and 
ecological effectiveness o f land use, it should

pay a special attention on the high econom ically 
effective perennial trees in com bination w ith 
grass fields for cow breeding. However, due to 
the new production habits, lovv production 
levels, and  lim ited econom ic potential o f 
resettled households, vve propose to im plem ent 
the models in tw o stages:

- The fưst stage (5 years) is designated for 
stabilization o f  life o f  resettled  people and 
agricultural production: keep the current areas 
for p lan ting  fruit-trees and tea in the 
resettlem ent areas; and evenly reallocate them  
to  households. Put a priority  on planting anniial 
trees, such as com , soybean, and peanut, in 
com bination w ith grass íields to  p” '-'ire the food 
security.

- The second stage is desigiiated for 
intensive cu ltivation and changing planting 
structiưe to\vards sustainable developm ent: 
reduce the area for corn plantirn <r the sake o f 
high value fruit-trees. Plant tea in high 
elevation areas and tronticr areas and grass 
planting areas for cattle breeding based  on the 
m arket deniands and investm ent capacity  o f 
households.

5. C onclusions

Land utilization based  on cstablishm ent of 
m odels o f  eco-econom ic system  is an eíĩective 
solution to\vards sustainable developm ent for 
the SH PS resettled  people as well as the local 
people. T o  make the proposed models 
realizable, it should  app ly  the following policies 
and solutions as the followings:

- Investm cnt po licy  for those households 
that are Nvilling for planting perennial fruit- 
trees, tea, and  developing cattle breeding.

- Investm cnt in irrigation system s, including 
the irrigation system  for lirass fielđs.
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- Policy encouraging p lanting green belt, 
lanes o f peanut and soybean, grass in slope land 
in conjunction \vith com  w ith  investm ent from  
the production support fund. This is made to 
ensiire that the incom e for people from this land 
is at least equal the incom e obtained by planting 
only com  in the sam e land.

- Strengthen íorestry  and agriculture 
prom otion activities, education and transfer of 
sustainable land use models.

This paper \vas com pleted  w ithin the 
fram ew ork o f  Fundam ental R esearch Project 
702606 funded by V ietnam  M inistry o f  Science 
and Technology.
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