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Abstract

Before the economic reform, or “Doi moi”, the northrwestern uplands of Vietnam, which are
characterized by a complicated terran and a high culturd diversty, were affected by high
illiteracy rates, severe environmental degradation, and poor infragructurd faclities The
livdihoods of the rurd upland communities were maintained through a combinatiion of hillsde
swidden agriculture with low land productivity, forest product exploitation and meager wet rice
production. Access to available agriculturd technologies was extremdy limited. Poverty was
widespread in the region. However, devdopment in this region has gained some remarkable
achievements snce 1990, and one potential explanation is the introduction and application of
improved agricultura technologies.

This paper examines to what extent the improvement of access to agricultural technologies and
the adoption rate contributed to changing land-use and to reduced poverty in 75 communes of
Son La province in the time period from 1989 to 2000. Aeria photographs and satdlite images
taken in 1989, 1994 and 2000 were interpreted to detect land-use changes. Poverty was proxied
by the number of assets controlled by the poor, which were collected a the commune levd by
means of a survey with a sructured questionnaire. All data were geo-referenced and spatidly
andyzed by usng Geogrgphicad Information Sysem (GIS) techniques and daidticd
procedures.

The research findings show that the absence of suitable technologies such as improved breeds
of crops and livestock and new farming techniques and lacking access to agriculturd extension
savices left the agriculturd potential of the region untgpped in many locations. Locd farmers
pursued land-extensve farming approaches at the cost of a reduced forest cover. Vast areas of
forest were converted into agricultural cultivation from 1989 to 1994, whilst the incidence of
poverty ill remained at high levels Due to the improvement of access to modern agriculturd
inputs and extenson services, subsstence production has been replaced by high-yidding and
more profitable varigties snce mid-1990s. Agricultura output soared. Living standards of local
inhabitants improved consderably as a result of risng agriculturd profits and, in the same
period, deforestation decreased. However, the rates of technologica adoption, land-use changes
and poverty reduction do not show the same patterns across the research area. To better target
the activities of agriculturd extenson services to the rurd poor, this paper provides some
recommendations to enhance the effectiveness of current agricultura extenson services.



1. Introduction

Improved agriculturd technologies such as improved crop varieties, irrigation chemicd
fertilizers and pedticides have been important policy tools to improve livelihoods and foster
economic growth in rurd aess. The contribution of agriculturd technology to dleviate
poverty fas been proved by a dgnificant number of sudies (eg. Hossain et al., 2003; Kerr
and Kolavdli, 1999). However, it is gill an open research issue whether improvement of
access to and adoption of agriculturd technologies help to reduce the pressure on forests
and to consarve watershed functions and biodiversty in tropicd rurd upland regions. The
findings of a growing number of dudies give a mixed picture. On the one hand, severd
empiricd sudies have vaidated the assumption that that irrigation development can reduce
fores clearing (eg. Deninger and Minten, 1996; Zdler et al., 2000). On the other hand,
some dudies have shown that the gpplication of advanced agricultura inputs such as
improved seeds and chemica fertilizer can lead to agriculturd expansion and deforestation
(e.g. Mertens et al., 2000; Angelsen et al., 1999).

Before the economic reform, or “Doi moi”, the north-western uplands were the poorest
region of Vietnam. They ae characterized by a complicated terrain and cultura diversty
auffered from high illiteracy raes, severe deforedtation rates, and poor infrastructure
fadlites. The rurd communities in the region mantaned therr livdihoods through a
combination of hillsde swidden agriculture with low land productivity, forest product
exploitation and limited wet rice production. Access to avalable new agriculturd
technology was extremdy limited because of both poor roads and unsuitable agriculturd
policies. Poverty was widespread in the region. However, development in this region has
ganed some remarkable achievements snce 1990 and one posshble explandion is the
contribution of agriculturd technology.

The key features of innovation in Vietnam that affect the access to and adoption of
agriculturd  technology ae (1) de-colectivization of agriculturd co-operatives and
recognition of the farm household as the principd unit of agriculturad production, (2) market
liberdization that enadbled farmers to fredy purchase inputs and sdl their outputs, and
(3) the privatization of land use rights.

This paper examines role of agricultura technologies and its contribution to protect natura
resources and to dleviate poverty in 75 communes of Son La province, Northwest Vietnam,
in the period from 1989 to 2000. In particuar, the paper investigates to what extent the
improvement of access to and adoption of technology influenced forest cover. The paper
begins with a description of naturd and socio-economic conditions of the research area and
sketches the agriculturd technology progress The methodology is described in the
following section. The fourth section discusses the research results The paper ends with
conclusions and policy recommendations.

2. Regional background

The research region conssts of seventy-five communes of Phu Yen, Bac Yen, Moc Chau an
Yen Chau Didricts, Son La province (Figure 1. Location of the Research Region) covering
an area of approximately 4,700 knt. The communes are located on both sides of the Black
River (dso cdled Da River) and differ in their agro-ecologicd and Socio-economic
characterigtics. 78 % of the naturd area are cdlassfied as hills and mountains and are verged
by dense forests with rich biodiversty. Paddy fidds are manly Stuated in the Quang Huy



Vdley of Phu Yen and some communes of Yen Chau. The other communes do not have
consderable areas of wet rice. The agricultura production depends on dry-farming crops
such as swidden rice, maize, cassava. Some communes are Stuated aong the nationa road
No. 6 and have fertile soil suitable for fruits and industrid crops such as Longan, Litchi,
Pum, tea, coffee and mulberry. The agricultural sector accounts for 92 % of totd
employment and for 87 % of the gross domestic product (GDP) of these districts (DARD,
2000). The livdihoods of the locd inhabitants in most communes of the research area

depend upon cultivation on doping land, forest exploitation and, only to a limited extent, on
irrigated rice production.
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There are thirteen ethnic groups living in the research region. Mogt of the ethnic groups
possess their own language, rules, and agro-economic system (Poffenberger and Phon
1998), produce for their subsstence needs and have diverse agricultural systems (Jamieson
et al.1998). Particularly, the H'Mong people usudly live in remote mountainous aress, they
practice shifting cultivetion whether or not it involves shifting their places of resdence
(Pandey and Minh 1998, De Konnick 1999). In contrary, the Thai, Muong and Kinh
(Viethamese) people manly sdtle in townships, dong man roads, and in fla and fertile
land. Annua population growth in the research area is one of the highest in Vietnam,
epecidly in the mountains (28% - 3.0 % per year in 2000). High population growth and
limited opportunities for off-farm employment lead to a underemployment in the research
region. The rate of redundant labor was approximately 10 percent in 2000 (DARD, 2000).
Moreover, the illiteracy rate of the ethnic minorities has a particularly high level. According
to data of the Minidry of Education, the illiteracy of people from 16 — 40 years of the
H'mong is 67.7% and of the Dzao 64.4%. The percentage of primary school participation is
very low. For instance, among the H'mong, it is 5.6%, the Dzao 6.5% and the Kho Mu
4.8% (MARD, 1996). Poverty is very severe in the region. The head-count poverty index is
over 40% in many communes. The Gross Domestic Product (GDP) per capita is $US 130
per year, but it isless than $US 50 in most mountainous communes (DARD, 2000).

Right after the bresk-up of the cooperative farms in the late 1980s, the agriculturd land has
been dlocated to the farmers and they could sdlect fredy agriculturd inputs and sdl ther
products. However, in the upland region, it was very different from the low land areas. The
agriculturd  production in this region remained condraint. Possible reasons include
physcdly difficult access to the agriculturd modern inputs (improved seeds, chemicd
fertilizers and pedicides), and to markets for agriculturd products, and the absence of
extenson sarvices (Quan, 2000). Wet rice expanson required extremely high investment
costs on building large scae irrigation sysems and it was out of the reach of the locd
famers. In this gdtuation, locd famers had no choice other than planting “traditiona or
locd” varigties, which required long growing periods and led to a low land productivity.
The “Digging holes by wooden stick then sowing seeds’ gpproach has been practiced by
some ethnic tribes (eg. H'Mong and Dzao). Knifes, axes, hoes and wooden sticks are their
magor productive materids. Hardly any chemicd fertilizers and insecticides were applied in
the northern uplands (Jamieson et al.1998). The lack of a modern and suitable input
technology hindered agricultura potentidls and forced the upland famers to follow
extensve farming approaches a the expense of forests and other natura resources (Sikor
and Truong 2000, and Rutherford 1992). Moreover, food shortages were unavoidable.

However, the dtuation condderable improved in the nineties. Modern inputs have been
introduced to the region. Particularly, farmers dtarted to cultivate a large number of hybrid
varieties of wet rice, maize, soybean, and cassava with short growing periods, drought
tolerance and high yidds on upland fams'. Besides, irrigation invesment from both the
Government and the farmers led to a sgnificant increase of wet rice in both areas and in the
number of harvets per year (Skor 2000). The application of chemica fertilizers and
pesticides remained, however, limited in the region. In contrast to the wide application of
highly yidding varieties, mechanic equipments such as tractors and water pumps ae 4ill
absent from agriculturd cultivation, redtricted by smdl land holdings, terraced fields, steep
dopes and high investment codts. Furthermore, animd production seemed not to have
changed much dthough the region has compardive advantages to develop this activity. The
farmers Hill grow loca breeds and most of the production is used for home consumption,

! Application of high yielding rice varietiesincreased yield of wet rice from 6 tons/halyear in 1995 to
8 tons/halyear in 2000 (UB-BC 2001)



weddings and funerds. Veeinay sarvices are until today very wesk and manly exist in
digtricts capitals and communes Situated aong the paved roads.

The Depatment of Agriculture and Forestry Extendon (DAFE) was established in 1993
under the management of the Ministry of Agriculture and Rurd Development (MARD). In
Son La, the Center for Agricultura and Forestry Extenson (CAFE) was founded in 1996
and under the adminidgration of the provincid Depatment of Agriculture and Rurd
Development (DARD) (Kaiser 1997). At the didrict leve, the officid directive to establish
the extenson service, the digtrict Agriculture and Forestry Extenson Station (AFES), was
implemented some time after the issuance of the document to set up the province levd
extenson sarvice. The main tasks of these offices are the transfer of technologies, training
of extendon workers, skills assgtance in economic management, and the evauation of
extenson programs within its adminidrative area. Since 2001, most of the mountainous
communes with difficult access have one officer of AFES to work there regularly.

3. Conceptual framework, research hypotheses and methods
3.1 Conceptual framework

The conceptua framework for this research is based on the theory of induced innovation
(Boserup, 1965; Ruthenberg, 1980; Ruttan and Hayami, 1984). We divide the impacts of
agriculturd  technology on land use changes into two man processes (1) agriculturd
intengfication on dready cultivated areas, and (2) agriculturd expangon into previoudy
uncultivated land. Intengfication includes the subditution of land by labor or by cepita-
intendve technologies such as irrigation, high vyidding vaieties (HYV), chemicd
fertilizers, and pedticides. Expanson of agriculturd arees usudly takes place a extensve
and low technologicd levels (Mudler and Zdler, 2002) and redundant labor forces or
degraded cultivation plots.

3.2 Research hypotheses

The main research hypotheses are:

1) Better accessto agriculturd technologies promotes agriculturd intendfication.

2) High profits of cultivating improved maize leads to agriculturd expanson and,
therefore, deforestation in short run.

3) Higher rates of adoption of agriculturd technologies reduce poverty in the research
region.

3.3 Data collection and analysis

The land use maps with twenty different land-use types of 1989, 1994 and 2000 are derived
from the interpretation of aeria photographs and SPOT satdllite images taken in 1989, 1994
and 2000 at an average scde of 1:25 000 at the Remote Sendng and GIS Divison, Forest
Inventory and Planning Inditute, Vietnam. Higorica land use maps, rdevant documents
and intensve ground checks were used to enhance the accuracy of the land use mapping.

Poverty has usudly been conceptudized as a state of lacking income in a way that leads to
the inability to provide an adequate level of basic necessties (Ambler, 1999). In the
framework of this research, poverty is proxied by monthly income and the assets indicated



by poor housing conditions, and lacking ownership of consumer durables)®. Poverty rates,
technological adoption rates and other relevant data are collected by a sructured
questionnaire®. All data are geo-referenced and andyzed by using the Geographical
Information System (GIS) and atistical procedures.

4. Resultsand discussion
4.1 Impact of agricultural technology on land use changes: a broad view

As discussed in the previous section, the adoption of improved vaieties and the
development of irrigation sysems were the main types of agricultural-related technological
progress in the research area. Findings of the research suggest that these applications have
contributed to the land use dynamics observed, as partly described in figure 3.

Figure 3 shows that the percentage of wet rice arees compared to total naturd lands
increased from 1.4% (1989) to 1.8% (1994) and reached 2.1% in 2000. The expansion of
paddy fidds is assumed to result from the high productivity of improved wet rice, which
switched the preference of farmers from rice swiddening to paddy cultivation.
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Source: Aerial photo interpretation and own calculation
Figure 3: Changes of major land use categoriesin three years 1989, 1994 and 2000

In addition, investments in irrigation systems from both individud famers and villages as
well as from the government have contributed to an increase in the wet rice area. Subsdized
by the Government in the early 1990s, perennia crops such as Mango in Yen Chau and Tea,
Apricot and Plum in the Moc Chau plateau yied high profits and were introduced into the

2 We used the poverty criterion that released by Vietnamese Ministry of Labor, Invalid and Social Affairs
(MOLISA) applied before 2001. This poverty lineis defined in terms of monthly per capitaincomein kind: less
than 15 kg for rural mountainous and island regions.

3 The questionnaire was applied at both commune and village level. However, only commune data are used in this

paper.



region. However, growing indudrid crops and fruits was not attractive for the farmers
because of the severe food shortage, difficult access to output markets and risk aversion.
Consequently, the area of perennids only increased from 0.1% in 1989 to 0.4% 1994.

Nevertheless, increesng profits of planting fruits and indudtria trees eventudly motivated
villagers to expand these activities (plum planting dated in 1995 and tea in 1998)
especidly in Tan Lap, To Mua, Phieng Luong and Van Ho of Moc Chau didtrict. The area
of fruit trees aso expanded in the communes of Phu Yen didrict and some communes aong
national road No. 6 of Yen Chau. Typicdly, the area of tea plantaions in To Mua
commune, Moc Chau digtrict, increased by 150 hectares within 2 years (1998-2000). The
expangon of industrid crops and fruits in the region is ds0 a result of extenson activities of
in the form of financid support and technicd training of so-cdled SFDP, 327 and 747
Projects.

High productivity of improved maize, cassava and soybean seemed to have contributed to
the surge of these annua dry crops from 24.9% (1989) to 26.1% (1994) and 27.5% (2000).
The fdlow cycles were shortened from three years to one year or even replaced by planting
cassava. At the same time, shrub and grass land increased from 21.4% (1989) to 34.6%
(2000). Consequently, the forest cover was reduced from 48% (1989) to 36% (1994). This
is equivdent to a deforestation rate of 2.6% per year. Rich and medium forests dropped
from 17.2% in 1989 to 3.4% in 2000. Much of the forests were converted into agricultura
aess. This is quite clearly observed in many communes, especidly in communes far from
digrict centers and the main roads. The gpplication of improved crops in these communes
aso was more recent and occurred a lower rates. It gppears that technologica progress in
agriculture played a certain role in reducing deforestation from 1994 — 2000, when the rate
of forest loss cecreased to 1.3% per year. In the same period, afforestation fatural forest
regeneration) and reforestation (man-made forest plantation) were conducted in some
communes. Most of these communes have been supported by foreign-aided and
governmental projects, such as the SFDP, FARM, 747, 327 and 661 projects. As mentioned
above, it is estimated that gpproximatdy 10 % of the agriculturd labor force in the region is
unemployed, which also motivated these projects. Therefore, reforestation might not be the
result of only agricultura technology progress, but aso of specific policy measures amed at
increasing the forest cover. Land use changes from 1989 to 2000 are depicted in figure 5.

Land use changes between 1989 - 2000 (in %)
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Figure 4: Changes of major land use categories from 1989 — 2000
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4.2 Impact of agricultural technology on land use changes: a closer view
The shift in rice cultivation area
Irrigation expanson and highly yidding varieties of wet rice played an important role in

changing rice production in the research region. Figure 5 indicates a shift from dry rice to
wet rice cultivation.
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Figure5: Changein percentage of area of wet riceversusdry rice

In the late 1980s, rice production in the region conssted of extensive rice swiddening or dry
rice and limited wet rice cultivation. Mogt of the loca farmers used locad or “traditional”
wet rice varieties, which produced one crop per year (Mua or Summer crop) with a
productivity of 1.5 — 2 metric tons per hectares (Quan, 2000). Low productivity of wet rice
cultivation and the modest adoption rate of other upland crops led to a high percentage of
swidden rice in the totd area of cultivated rice in 1989. Change in macro-policies (eg.,
rurd road development, subsidized of seeds and micro-credit), enabled upland farmers to
access high yidding wet rice cultivars, which were avalable in the low land. The average
productivity of paddy increased from 25 - 3 tonghain 1990 to 5 — 6 tong/ha in 1993. In
addition, decollectivization, the privatization of land use rights and market liberdization
provided incentives for farmers to invest in the expanson of wet rice by (1) building more
terraced fields, (2) consructing smdl irrigation sysems with eath cands and bamboo
water pipelines. Beddes, the Government dso financed new irrigation dams and
consolidated old ones. However, physcad and financid condraints of many farmers caused
low adoption rates of improved wet rice. In 1995, new wet rice varieties were only planted
in the communes located near the didrict capitals and dong the asphdt-paved road, and
accounted for 5.1% of the tota paddy area (Quan, 2000). The percentage of wet rice area
increased from 32% (1989) to 38% (1994).

In later years, market and technologicd factors continued to favor wet rice cultivation
(Sikor, 2000). More improved seeds with shorter growing periods were introduced by the
farmers. Some varieties produced up to 8 tongha n 1997 (Foerster and Nguyen, 1999).
These HYVs enabled the farmers to have two or even three harvests per year Goring and
summer crops) where water was available for irrigation. At the same time, the productivity
in dry rice cultivation declined because the shorter fdlow cycles did not dlow the soil
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fertility to recover fully, and more time was required for weeding. The search for high
yidding dry rice varieties was not a preference of ether famers or locd authorities. The
SFDP tested a number of new vaieties and the average gross margin not particularly
atractive. Rice swiddening fell to 58% of the totd cultivated rice area in the year 2000, and
was manly practiced in mountainous areas with difficult market access and unsuitable
natural conditions for cultivating wet rice. Steep dopes and water shortages, aso caused by
deforestation, were reasons, which condrained the congtruction of more irrigation dams to
enlarging the paddy area Consequently, an expanson of wet rice cultivation was not
observed in haf of the communes, most of which are stuated in the high mountains.

Expansion of hybrid maize ver sus other annual subsistent crops

A large number of improved maize and soybean varieties have been introduced to the
famers (Foerster and Nguyen, 1999). However, the adoption rates were quite low in the
early 1990s because of high initid invesments for the purchase of seeds (about 25,000
VND/kg), the necessity to repurchase seeds every year and the fluctuation of market prices.
Agan, the adoption of these improved crops dsarted a communes located near digtrict
towns and/or under support of SFDP and FARM projects. Lack of information on new
technology and cultivating requirements, and long distances from the markets were mgor
congraints of applying hybrid maze in the remote communes. Some hybrid varieties
yielded 3.5 tongha, and even up to 7 tongha, as compared to 1.5 tong/ha of ‘traditional”
maize. Successful trids of improved maize in these areas and the development of extenson
services have played vitd roles in didributing this caghtoriented crop to the entire region. In
1994, 40% of the upland crop area was planted with hybrid maize. In some communes the
famers darted to grow two crops of maize per year. Maize cultivation provided much
higher profits compared to subsistence dry rice (7-12 million VND/halyear versus 1.5
million VND/halyear). Moreover, rice swiddening sometimes produced no harvest due to
s0il degradation and frequent drought®. Planting cassava yidds lower profits than maize (3
5 million VND/halyear) and traditiond cassava normaly is harvested after three years. The
market demand for cassava is not as high as that of maze. Therefore, cassava is now only
planted in the upland fidds after some harvests of dry rice ad/or maize instead of the
fdlow periods. High yidlds and a high demand for anima food production from the lowland
made maize a predominant upland crop for cash income in the region. Therefore, there is a
shift from the production of food crops for subsistence needs (dry rice, cassava) to more
market-orientated cash crop production (maize). In 2000, hybrid maize accounted for 70%
of the totad upland crop area. However, the adoption rate of improved maize varied across
the region, and is highest in lower dtitudes and near market places. The lowest adoption
rates are encountered in remote mountainous aess. The adoption process of different
agricultura technologies and the poverty incidence is shown in figure 6 where:

- Rice T: adoption rate of improved wet rice

- Maize T: adoption rate of hybrid maize

- Maize P. Ratio of cultivated hybrid maize to tota area of upland crop

- AT _Access Percentage of HHs accessed to information on new agricultura
technology

- Feover: forest coverage (%)

- Poverty: Head- count poverty index (%)

4 Maize could give 2 harvests per year while dry rice only produces 1crop/year). If one harvest is lost, the farmers
can grow the second one. It means that maize production is safer than dry riceis.
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Figure6: Agriculturally technological progressand poverty alleviation

4.3 Impact of agricultural technology on poverty alleviation

According to daidtics from the Generd Statisticd Office of Son La province, market prices
of wet rice and maize are increesng over time. Moreover, the improvement of access to
markets due to road investment and the growing demand for anima food processng in the
lowland raised the price for agricultural outputs in high mountain communes. In that way,
agriculturd  technology contributes sgnificantly to an increese of cash incomes and to a
reduction of povety of locd inhabitants. Figure 6 shows the trend of agriculturd
technology progress and poverty dleviation in the research area. The poverty rate decreased
from 50% (1989) to 36% (1994) and 21% (2000). Brick houses were rarely seen in the
region in ealy 1990s. However, accumulation of profits from planting improved crops
enabled the farmer to build good houses. Many of them now possess motorbikes, radios and
televisons. In 2000, the solid and semi-solid houses accounted for 85 % in the lowland
communes. However, it gppears that a cycle of severe poverty - low adoption rate of new
agriculturd technologies and high poverty rate existed in high mountainous communes.

5. Conclusons and recommendations

The research findings dlow us to draw a number of conclusons on the relation between
technology, deforestation and poverty. Change in the access to and the adoption rate of
HYV promoted agriculturd intendfication both in paddy and upland fidds, and changed the
crop composgition from subsistence crops to a more cash-oriented production, as manifested
by more hybrid maize, indudrid crops and fruits, and less dry rice. High profits of hybrid
maize expanded its cultivation area and seemed to play a certan role in deforestation in
most communes. Agriculturd technology contributed to poverty reduction in some areas of
the research region. However, a certain spatial pattern biased towards lowland areas with a
greater agriculturd potentid seems to exigt. Agricultura technologica progress, land use
changes and poverty reduction varied in the region and depended on large number of
factors.
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With a view to improving the dissemination of agriculturd technologies to farmers and to
protect natural resources in the research region, the following recommendation can be
derived from our results:

The adoption rate of new technologies depends substantidly on their gppropriateness for
the prevaling farming system, information dissemination, and the sze and effectiveness
of agriculturd extendon savices Mogt famers in the mountainous communes noted
that they did not have access to information on newly improved seeds and sufficent
knowledge to use them. Therefore, extenson services should increase the frequency of
their vigts to the remote communes and place more emphass on the transfer know-how
to the farmersin these regions.

Commune cadre and village headmen are usualy better educated than other inhabitants.
They might play an important role in improving locd extenson sarvices Organizing
“training for trainers’ targeted to key persons in communes and villages could be a
cost- effective gpproach to better disseminate agricultura technology.

Agriculturd extensdon should provide information not only on technology but dso on
markets, consumer demands, and associated environmental and economic risks. This
could facilitate farmers to better andyze, tet and decide on suitable production
technologies.

Suitable agriculturd  policies are indispensable for sudainable development in  the
region. In addition to recent policies concerning tax dimination for using agricultura
land and the improvement of agriculturd extersion, market access (including rurd
infradructure, micro-level food processng and market organization) is crucid. Many
commune officids and farmers reported that the harvested products could not be
transported to the markets because of bad road conditions.

The use of fetilizers on uplands is currently very limited, because the application of
fertilizers would reduce the benefit-cost- ratio. Application of fertilizers focuses on wet
rice production, home gardens and indudtrid crops. Lack of fertilizers and effective sl
eroson measures puts pressure on land resources and increases the conversion of forestl
for agriculture. Facilitation of applying fertilizers (both organic and chemicd types) and
s0il consarvation techniques is essentid to enhance crop production and protect natural
resources.

A promation of anima production should tap the comparative advantages of the natura
characterigtics of the region and contribute to economic development.

The land dlocation program should be completed in an equitable way to secure long-
term land userights for the farmers.

The descriptive analyss conducted in this study gives only an indication of the corrdations
between agricultura technology progress, land use changes and poverty reduction. More
deductive econometric modding is required to examine underlying causes. Spdidly
explicit regressons could further reved spatid processes and contribute to the andyss of
geographica differences in the links between poverty reduction and land use changes. More
variables need to be included to capture the effects from the natura potentia, demographic
and socio-economic differences and externd policy influence.
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