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Abstract

This paper presents the preliminary results of hypothetical futures for Vietnam, a High Climate
Impact and a High Economic Growth Scenario usingiagified version of GTAP. The land use
component has been improved and more detailedalatdetnam has been added. However, the most
notable feature is the implantation of a globalecal modelling approach, which combines the
macroeconomic MAGNET model and CLUE land use modeésults show that the structure of the
Vietnamese economy, land distribution, and the amsitipn of the food consumption basket are little
affected by the scenarios. Impacts are, howevsiblei across sectors, with important inter-sectoral
linkages between primary and processing indusseators. Climate change, primarily modelled via
yields, is shown to slow down the economy. An iasexl demand for land by crops at the cost of
livestock and commercial (production) forestry pstup land prices with knock-on effects for the
rest of the economy. Food security deterioratessacthe globe and in Vietnam, with substitution
towards cheaper imports. Pursuing higher economowttp by increasing yields and technological
progress in manufacturing and agriculture sectarstarn these developments around and minimise
land price increases. Food security improves intfdm (and globally), with substitution towards
cheaper domestic goods and a slight shift away fpoatessed rice towards other food products.
Future land use maps reveal that the largest ckangé take place in the conversion of non-
production forests and bare and shrub land to mtamhuforest. The increase of built up land is lpart
the result of a decrease in paddy land. The inereasirban area is mainly located in the Red River
Delta region, the northern part of the North Cdnftaast and in the Central Highlands. While land
use patterns across scenarios are relatively sinllenate change is shown to lead to a slightlydo
increase of the production forest areas, whilegadr economic growth path for Vietnam is shown to
result in a higher growth of production forest, ntiin the west, and urban areas. An overlay of
future paddy and urban area with potential floogpsnshow that a significant area of these land uses
are threatened by floods, which are likely to heisureduced crop productivity and economic losses
posing a threat to food security.

Keywords: CGE modelling, scenario studies, locadlaise change, food security, climate change,
technological change



1. Introduction

Land plays a crucial role in the development preadsVietnam. Not only does the agricultural land
using sector in Vietham account for a substantigres of GDP (approximately twenty per cent
including forestry and fisheries), a large partief Viethamese population (over sixty per centdess

in rural areas, mostly consisting of poor and steadlle farmers involved in the production of paddy
rice, making the agricultural sector key to poveryuction and food securityFood security is a
concern since, even though Vietnam is the secag@daexporter of rice, many rural households are
net buyers of food. Vietham experienced one offéiséest increases in food prices in early 2008, and
consequently, has been classified as one of thgemunot spots in Asia and the Pacffic.

Land use by agriculture and forestry sectors arahgds in land use patterns over time also play a
crucial role in climate change mitigation and adéiph. Climate change concerns have risen as a
result of Vietham’s rapid GDP growth, averaging ®ixeight per cent over the last decade, which has
led to an exponential increase in greenhouse g&iGjGemissions. In 2010, total emissions in
Vietnam were reported to equal 151 million tonsGHG in carbon dioxide equivalent (GO of
which fifty-three per cent was attributable to agliure and land use change and over half in tas w
accounted for by rice (Salas et al., 2012). Whilgtham’s GHG emissions are relatively low in the
global context, they are expected to continue tawgrapidly and will likely triple by 2030 unless
significant mitigation options are undertaken. Yi@h is considered to be a high-risk country in the
context of climate change because of its deltacstra and the long coast line that is sensitive to
flooding and extreme weather events. This makesuita¢ population increasingly vulnerable in terms
of poverty and food securifyThe Vietnamese government has demonstrated itsnitament to
combat climate change by signing Decision 3119/QNINEKHCH in December of 2011, which
confirms the country’s commitment to increase agtizal production by twenty per cent and reduce
emissions and poverty by twenty per cent by 2026,20-20-20 target. The Viethamese government
is currently also in the process of drafting a @r&owth strategy and completed the final approval
of the REDD (Reducing Emissions from Deforestatmu Forest Degradation) program document,
which is now in the inception and implementatioragéf Vietham has signed up for the Clean
Development Mechanism (CDM) and allows for voluptararbon projects in agriculture but
implementation so far is slow (only few projectelseCDM finance and there are currently no
voluntary carbon projects) due to limited capagitglicies, institutions) at the local level.

Land use patterns in Vietham are expected to chdngmatically over time as a consequence of
several global and local processes that interacar@us scales and domains. Next to climate change
key global drivers that will affect land use in Yiam are technological change, population growth,
and international trade. At the national and Idegél, spatial policies that ensure the safegugrdin
areas with rich biodiversity but also climate adéiph and mitigation strategies (i.e. REDD),
expansion of urban and industrial zones and foodritg policies such as a mandatory allocation of
land for the production of paddy rice will have ionfant consequences for land use. Some of these
policies may conflict. For example, reducing largk dor rice and increasing forest area to reduce
GHG emissions will affect food security negativahless rice yields rise or rice imports increase.

! Seehttp://www.fao.org/countries/55528/en/vipfor more key facts on Vietnam’s agricultural sg@nd food security situation.
2 Seehttp://www.foodsecurityportal.org/Vietnafor more key facts on food security in Vietnam.

3 For more information on climate change and foodisgcin Vietnam see
http://www.unescap.org/LDCCU/Meetings/HighLevel-RRidd-fuel-crisis/Paper-Presentations/C2-Food SeglietNam-
FoodSecurity.pdf

4 For more information on the UN-REDD programme ietviam see
http://www.un-redd.org/UNREDDProgramme/CountryAasdVietNam/tabid/1025/language/en-US/Default.aspx
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The interplay between global and local driversamplex and uncertain which makes it difficult to
predict their impact on the economy, on landscapesal livelihoods and the environment. To
formulate pro-active policies and identify challesgand opportunities, decision-makers need
information about potential land use and otherneatc, outcomes in different situations as well as
insights about the underlying dynamics, potentiadi¢-offs and the potential impacts of policies. A
popular approach to assess the future of compleies and identify policy alternatives is to
implement scenarios using a combination of mod&tisdying global-to-local land use impacts poses
certain challenges as an integrative assessmaeeted at different scales: (1) the global-to-maiio
scale examining the interplay between macro-econoiactors, population growth and climate
change, and (2) the national-to-local scale whigmands a spatial analysis at high levels of
resolution.

We apply an innovative assessment method whiclgriates a global macro-economic Computable
General Equilibrium (CGE) model with a spatial lamsk allocation model to analyse future land use
patterns in Vietnam under various scenarios. ltdsuiipon the work of van Meijl et al. (2006) and
Verburg et al. (2008a) to model land use dynanmdsLirope.

This study is the first application of this apprbae the context of a developing country. It adushie
existing CGE studies on Vietnam that have generfalbused on the economic impacts of trade
liberalisation, with a few focussing on the envirent and natural resources (Coxhead and Van Chan,
2010; World Bank, 2011). These studies, howevex,ausingle economic modelling approach and are
thereby unable to derive impacts on local land cis&nges and missing out potentially important
feedback effects (e.g. areas that become more ralilgeto climate change are likely to become less
food secure). Similarly, the national scope of ¢hetsidies misses out important global effects (eag.
the channel of trade). Our study also contributesxisting modelling studies in terms of improving
country data for Vietham, most notably data andeations for land use, forestry sectors and yields,
and improved modelling of the land market. Our fficntribution lies in the participatory, bottom-up
approach through which the scenarios carried otltinstudy have been formulated. Specifically, two
workshops were heldwhich informed the model set up, data used andtoaction of the scenarios to
be analysed. The results of this exercise areftirerparticularly useful to inform policies concerg
economic growth, food security, climate change, RELand use, green growth and climate smart
agriculture in Vietnam.

The global-to-local model combination is used telement three scenarios: (1) a baseline scenario
reflecting the ‘Business as Usual' (BaU) and sirtedaa growth path for Vietham and the rest of the
world assuming no implementation of new polici€d, & High Climate Impact (HCI) scenario that
reveals the consequences of climate change onarnesneconomy and land use (modelled primarily
through yields) and (3) a High Economic Growth (HEGenario which implements the growth target
incorporated in the Socio-Economic Developmentt&ty(SEDS, 2010) of Vietham and yield targets
of Vietnam’'s Master Plan on Agriculture (NIAPP, 4AQ1and demonstrates the consequences for
Vietnam’s economic structure and national and I¢é&atl use. The outcomes can be compared with
economic targets, and targets for land use andaghieultural and forestry sectors envisioned by
aforementioned plans.

This paper is organised as follows. The next sacfiresents the methodological approach of the
study, including a description of the models andadased. Section 3 discusses the formulated

®This research was part of the EURURALIS project,htep://www.eururalis.eu/

% The first ‘scoping’ workshop was held in Hanoi, Gm¢r 12-13 2011, and focussed on the formulatiosceharios to be analysed, the
modelling assumptions and improving the land uge.dehe second ‘scenario’ workshop was held in Havlarch 22 2012, and focussed
on discussion of preliminary results and furthéinement of the scenarios.
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scenarios. Section 4 presents the results of theasios. Finally, section 5 presents conclusiors an
policy implications.

This paper presents the results of the global-tallcmodelling exercise carried out in this studs, in
terms of a variety of national macro-economic amrdtaral indicators, as well as local land use
outcomes (indicators, maps), but with a focus aenmeconomic impacts and policy implications. A
second paper (van Dijk et al., 2012) presents naatailed local land use outcomes and policy
implications.

2. Methodology

For this study, a global economic simulation modelinked to a spatially explicit local land use
model for Vietnam. The global economic simulationdal used is the Modular Applied GeNeral
Equilibrium Toolbox (MAGNET), a CGE model developbd LEI-Wageningen UR. MAGNET is a
global economic simulation model that can be usedtudy the impact of changes in trade and
agricultural policies on international trade, protion, consumption, prices and use of production
factors around the world. It is based on the GTSbKal Trade Analysis Project) modeh widely
used tool for global trade analysis, but can bereded in various directions in a modular fashidme T
model has been used to analyse, for example, tllBumeand long run effects of global and EU-
agricultural, trade and biofuels policies.

To downscale the aggregate information on landfte®a MAGNET to a map, the Conversion of

Land Use change and its Effects (CLUE) model isifidequantifies land use changes by combining
spatial data on the bio-geophysical and human drigé agricultural land use with current land use
patterns and information on land use conversionspadial policies. It has been applied to study lan
use dynamics in a number of countries, includingtivam (Castella et al., 2007).

2.1 MAGNET model description

For the purposes of this project, MAGNET is setanpund the standard GTAP core model but with a
more sophisticated production and consumption &irec segmented factor markets and a more
sophisticated land market so as to make it suitablearrying out analyses applied to agri-forestry
sectors and questions pertaining to land use. Timeskel specifications were the outcome of the first
scoping workshop held in Hanoi. The data, GTAP @md adjustments made to the GTAP core of
MAGNET are discussed below.

2.1.1 Data

The model has been estimated (calibrated) usingrbst recent GTAP database version 8, final
release, which contains data for 2007. The 129 tasnand/or regions and 57 sectors of the GTAP
database have been aggregated in more manageddgeris, namely fifteen regions and twenty-
three sectors (Table 2.1). Vietnam is specifiquthestely, as are its most important neighbourirgy an
trading partners. The sectoral division distingashwelve agricultural (land using) sectors avédab
in GTAP at the highest level of detail - includipgddy rice, various other crops and livestock and
animal produce sectors -, a commercial forestrtoseand a fishing sector. Furthermore, we
distinguish six processed food categories, whichehstrong links with aforementioned primary
sectors, and aggregate the remaining sectors imtbdr industry (destination of most of the

7 Seehttps://www.gtap.agecon.purdue.edu/

8 Seehttp://www.ivm.vu.nl/en/Organisation/departmentstim-analysis-decision-support/Clue/index. &sp

more information on the CLUE model.

° Commercial forestry or production forestry, as cggmbto natural forests, produces an economic quipuhber, using scarce resources,
most notably land, for which it competes with tlyeieultural sector.
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commercial forestry sector’s output), other manufacg and services categories. The model retains
the standard GTAP specification of five factorgpodduction, including skilled and unskilled labour,
capital, land and natural resources.

Table 2.1: MAGNET aggregation and CLUE land classes

MAGNET CLUE
Countries/regions Sectors Land use classes
1 eu27 EU27 1 pdr Paddy rice 1 Paddy rice
2 fsu Former Soviet Union excl. Baltics 2 wht  Wheat 2 Other agriculture
3 roe Rest of Europe 3 gro Cereal grains nec 3 URtaxh forest
4 nam North America 4 v_f  Vegetables, fruit, nuts INon-production forest
5 csa Central and South America 5 osd Oil seeds FrrubSand grass land
6 mena  Middle East and North Africa 6 c_b  Sugaecangar beet 6  Builtup land
7 ssa Sub-Saharan Africa 7 pfb Plant-based fibres Gther land
8 vnm Vietnam 8 ocr Other crops
9 asean rest of ASEAN 9 ctl Cattle: sheep, goatsds
10 chn China (+ Hong Kong, Taiwan and rest of Pas) 10 oap  Animal products nec
11 kor South Korea 11 rmk Raw milk
12 jpn Japan 12 wol  Wool, silk-worm cocoons
13  ind India 13 frs Commercial forestry
14  rsa Rest of South Asia 14 fsh Fishing
15 oce Oceania 15  per Processed rice

16 cmt Cattle & meat products

17 vof  Vegetable oils & fats

18  mil Dairy products

19  sgr Sugar

20 fbt Food, bev & tobac prod nec
21 lum  Wood products

22 mnf  Other manufacturing

23  svc Services

The economic data for Vietham that are containethenGTAP 2007 database are derived from a
Social Accounting Matrix (SAM) for 2005, construdtéo be consistent with 2005 macroeconomic
structure and with the sectoring scheme of the Gk basé’ Key economic indicators for
Vietnam that can be derived from the SAM are inethich the Appendix (Al). Below we describe the
most important characteristics of the Viethamesmemy (in 2007) according to these indicators.

GDP in 2007 is estimated at roughly 68 billion USfwhich 67 per cent represents consumption and
41 per cent investments (Table Al.1). The expartédu€) to GDP ratio in 2007 is estimated at a
relatively high 78 per cent and imports at 93 pamtcwhich combined gives a gross trade-to-GDP
ratio of 171 per cent. On net, however, Viethamrismporting country, with a net trade-to-GDP ratio
of -15 per cent. Vietham’s economy is very muclervise-oriented economy (Figure Al.1). In 2007,
most value added was generated by the servicesr 446t per cent), followed by manufacturing (29
per cent; including 1.5 per cent for the lumbestdy, but excluding 5 per cent for processed fhods
and crops (13 per cent). Considering crops onlguie@ Al.2), paddy rice is the biggest contributor i
terms of value added (38 per cent), followed byetables, fruits and nuts (33 per cent) and other
crops (24 per cent). The latter category inclutiesfor Vietnam important commodities of coffee and
rubber. In terms of trade, the EU and North AmeaaVietham’s biggest export partners, accounting
for 24 per cent and 22 per cent of Vietnam's valfiexports, followed by ASEAN and Japan (Figure
A1.3). Manufacturing represents the majority of tdf@mese exports (67 per cent, excluding 6 per cent
for lumber and 11 per cent for processed food caiieg), as shown in Figure Al.4. On the import
side, Vietnam’s most important trading partners@néa and ASEAN (capturing 32 per cent and 20

10 Seehttps://www.gtap.agecon.purdue.edu/databases/reqigp?Version=8.2 Ifbr more information on Vietnam data in GTAP.
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per cent respectively of Vietnam’s value of imppriellowed by the EU, South Korea and Japan (12
per cent, 10 per cent and 10 per cent respectiidigst of these imports are in manufacturing ad wel
(81 per cent, excluding 1 per cent for lumber anges cent for processed food categories).
Considering trade in rice, still by far the mosfpintant Vietnamese crop, which here includes both
paddy and processed rice, major consumers of \figgga rice are the ASEAN countries (66 per
cent), followed by Sub Saharan Africa (13 per cemgl Central and South America (13 per cent),
whereas Vietnam imports most of its rice from CHi@a per cent) and ASEAN (14 per cent). Imports
of rice are only a fraction (less than 1 per cehtyietnamese rice production.

For all countries/regions in the world, the lance wata in MAGNET were obtained from data
compiled by GTAP in two steps. First SAGE (Centrer fSustainability and the Global
Environment)/FAO land cover data for 2004 are adgeé for the percentage change over 2004-2007
reported by FAO. In a second step, the data washdited over crops in proportion to harvested area
using data from SAGE/FAO, and over livestock sectasing data on value add of land in these
sectors? Land for commercial forestry was obtained from D6TM (Dynamic Global Timber
market Model) database. Land rents in commercralstoy are obtained from natural resources. Lee et
al. (2009) provides more information on the landeradatabase that is used by GTAP.

The land cover and land use data that result apagied in the Appendix (A2). Of the total amouht o
land available, 21 per cent is hon-production fpr8s per cent is in commercial forestry (productio
forest) and 28 per cent in agriculture (Table AZeft-hand side). One per cent is used for built up
areas (e.g. residential areas, industrial zonegpartd). The remaining 14 per cent, mostly degraded
savannah grassland, is assumed not to be in usecforomic activities, i.e. is unproductive land.
Taking a closer look at the various agriculturaldaising sectors, most is used in the production of
paddy rice and represents 24 per cent of totalilande by economic activities (Table A2.2, lefla
side).

The Viethamese Ministry of Agriculture and RuraMepment (MARD) provided a 2007 land cover
map, produced by the Forest Inventory and Plantisgitute (FIPI), a research institute under
MARD. This map, combined with land use survey dadtan MARD, was used to improve the land
use data for Vietnam in MAGNET. In contrast to tBEAP database, it presents information on the
location of paddy rice areas and other agricul{ureluding livestock). To distribute the land cover
over the agricultural subsectors, the same digtabus used as in the SAGE/FAO database which
uses data on harvested area and value added fps emd livestock, respectively. Apart from
agriculture and forestry, the land use map alswiges information on the location of four otherdan
classes: non-production forestry (e.g. naturaldbegeas and protected areas), shrub land, build up
land (residential areas, industrial zones and f@nchational security) and ‘other’ land (land with
rivers, canals and streams, swamps, and rock |ama).resulting land cover and land use data for
Vietnam are displayed in Table A2.1 (right-hande$id’ he main difference with the GTAP data is the
area allocated to production forest, which is mloer in the FIPI data. On the other hand,
agriculture land (including paddy rice) and built land are larger in the FIPI map. The distribution
over the land using sectors is very similar, wittlyadhe share of commercial forestry land use being
significantly smaller (Table A2.2, right-hand sid per cent compared to 55 per cent before). As
before, most land in agriculture is used for thedpiction of paddy rice and vegetables, fruit ant$ nu

' As shown, savannah grassland, next to shrub ladcbaift-up land, is not allocated to agriculturac®rs as no significant economic
production comes from it.

2 A problem with the GTAP land database is that #sloot present information on land used to growdpaite. The rice sector is key to
national food security, economic development angefy reduction. Moreover, it is an important s@iaf greenhouse gasses in Vietnam.
Hence, leaving it out would considerably weaken analysis. Another problem with the GTAP data & ik does not provide information
on non-production forest and natural parks, whicessential to give insights in future perspectoreREDD and biodiversity.
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(resp. 29 per cent and 14 per cent of total lanase by economic activities, compared to 24 pet cen
and 9 per cent before).

2.1.2 GTAP core model

The GTAP model, documented in Hertel (1997), castuhe behaviour of three types of agents:
households, firms and government, in each countmegion of the world. Household behaviour is
captured via a ‘representative regional househaltiich aims to maximise its utility, collects all
income that is generated in the economy and a#sciitover private households and government
expenditures on commodities, and savings for imrest goods. Income comes from payments by
firms to the regional household for the use of endents of skilled and unskilled labour, land, calpit
and natural resources. The regional household r@seives income from (net) taxes paid by the
private household (on private consumption and irgorfirms (taxes on intermediate inputs and
production) and the government (on its expendijutgisms, profit maximisers, produce commodities
by employing the aforementioned endowments andndiate inputs from other firms using a
constant returns to scale production techndfogp as to sell them to private households, the
government and other producers. Domestically predugoods can either be sold on the domestic
market or to other regions in the world. Similarjomestic intermediate, private household and
government demand for goods can be satisfied byedtienproduction or by imports from other
regions in the world (Armington assumption). Thesene with their own import and export taxes.
Sourcing of imports happens at the border, aftéchvk on the basis of the resulting composite impor
price — the optimal mix of import and domestic gedlderived.

Demand for and supply of commodities and endowmeaneet markets, which are perfectly
competitive and clear via price adjustments. Natuezources and land are assumed to adjust
sluggishly between sectors, whereas capital anoutalre fully mobile. The assumptions regarding
labour, land and capital markets are discussedibatothey are different from standard GTAP. With
all markets in equilibrium, firms earning zero pt®&and households on their budget constraint,ajlob
savings must equal global investments. Investmargscomputed on a global basis, via a ‘global
bank’ which assembles savings and disburses ine@stmso that all savers in the model face a
common price for this savings commodity. In GTARbgl savings determine global investments, i.e.
the macro closure is savings driven and essenti@bclassical in nature. Since the CGE model can
only determine relative prices, the GDP deflat®sdasas the numéraire of the model, against wHich a
other prices are benchmarked. Changes in pricetirgsfrom the model simulations thus constitute
real price changes.

Since GTAP is essentially a comparative static rhoitestments only influence the pattern of

production (via investments as a demand categoiy)age not installed so as to add to the prodeictiv

capacity of industries over time. For the purpobéhs study we are using the model to carry out
dynamic analysis over time, specifically for 2007e(base year) up to 2030. The projections into the
future are obtained by allowing the exogenous emdemis of capital, land, natural resources and
labour, and the productivity of these factors, mostably yields, to grow according to a specific

growth path. This is discussed below when tredtiegassumptions of the baseline.

2.1.3 MAGNET: extending the GTAP core
In this section we discuss the features that haen kadded and/or improved upon in MAGNET
relative to the GTAP core model. These include abrountries and/or regions, a more sophisticated

3 This means that as firms grow, they do not becomerar less efficient.
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production structure and consumption structuremseded capital and labour markets and a more
sophisticated specification of the land market.

Production structure

The MAGNET model has a more flexible Constant Hdiitgt of Substitution (CES) production
structure which allows inputs into the productionfioal goods, as measured by the substitution
elasticities, to vary across nests. Whereas diftesectors may have different production structures
for this study a simple three-level structure hasrbchosen for all sectors and in all countriesirey

of the world. Specifically, in the top nest valuedad and intermediate inputs are combined into
production. In the second nest, land and non-laaldevadded are combined into value added. In the
third nest, capital, skilled and unskilled labondanatural resources are combined into non-langeval
added. The distinction between land and non-lahdevadded, to account for inherent differences in
the degree of substitutability between land andlaod factors is new relative to standard GTAP. The
value of the elasticity of substitution increasesnge go down in the tree structure as inputs used i
production become more similar (and so can morélyebe substituted). In the top nest the
substitution elasticity is assumed zero (as indaesh GTAP), so that inputs cannot be substituted an
are used in production according to fixed inputpotitcoefficients. In the value added nest, the
substitution elasticity equals 0.1 and in the ramdl value added nest in between 0.25 and 1.36
depending on the commodity in questidn.

Consumption structure

In GTAP, private (household) consumption behavimumodelled via a Constant Difference of
Elasticity (CDE) function, which is a more flexibl@on-homothetic function allowing for non-
constant marginal budget shares, and is calibragiitlg data on income and price elasticities of
demand. Since the use of the CDE function in pragsults in constant income elasticities oveetim
— leading to unrealistically high consumption obdioitems in fast growing economies — in MAGNET
income elasticities are dynamically adjusted usiea GDP per capita (in the form of a decreasing
function). The services sector is used as a relsiduguarantee that the sum of the income elatscit
is one. The updating of income elasticities takesgin each step of the Euler optimisation routine
used in solving the model, and preserves the veetfalculations as present in the GTAP model. This
approach has been documented in Verburg et al8(D00

Segmented labour and capital markets

In standard GTAP, capital and labour are assumebetdully mobile across sectors. In reality
however, there’s limited movement of capital anolar between agricultural and non-agricultural
sectors, in contrast to relatively free movemerihinithese sectors. This is evident from, for exiamnp
differences in wage levels for unskilled labour dgriculture compared to industry and services
sectors. MAGNET allows for the modelling of suclgsented factor markets, by introducing a nested
Constant Elasticity of Transformation (CET) functifor capital and labour, which includes a nest for
agriculture and non-agriculture. Within these nestpital and labour are assumed to be perfectly
mobile, but between these nests it is more diffitmimove. A consequence of this approach is that
unskilled and skilled) labour and capital receivedent remunerations (i.e. wage and rental rate
respectively) in agricultural and non-agricultussctors. The elasticity of transformation, which
governs the sluggishness of movement of theserfaatoss sectors, is set at a level of minus‘one.
This approach has been documented in Tabeau antje¥M@010) and originally derives from Hertel
and Keeney (2005).

* An elasticity of substitution of x, implies that e relative price of an input rises by 1%, itatige demand falls by x%.
' An elasticity of transformation of —x implies tha the relative price of a factor rises by 1%étative supply rises by x%.
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Land market

In standard GTAP, total land supply is fixed andssumed to adjust sluggishly between sectors (with
an elasticity of transformation equal to -0.5, as fatural resources). MAGNET can refine this
approach by allowing for the incorporation of diffat degrees of sluggishness between different
types of land, again using a nested CET functioendgally, the ease with which land is allocated
from and to agricultural sectors differs for ditet types of land. We adopt a relatively simpleér
level nested-CET approach, which in the top ne&icales land to commercial forestry and
agricultural sectors, in the second nest allocatggcultural land to crops and livestock, and ie th
third nest allocates cropland to paddy rice, vagega fruit and nuts and other crops (Figure 2A%).

we move down the tree, the elasticities of tramsédion increase in absolute value, signifying it
becomes more easy to transfer land between sedtois.approach creates different land prices in
each level of the tree. This approach has beenngectied in van Meijl et al. (2006). The elasticities
are obtained from GTAP.

A novel feature of the land allocation specificatig that it includes commercial forestry in the to
level as an economic land using sector. Whilst cencial forestry harvests are flexible in that extra
harvests are possible, we assume that it is difftoureallocate land from agriculture to commelkcia
forestry (by means of the relatively low elastidaitfytransformation), thereby doing justice to tbed
term nature of the decisions in the forestry sector

Figure 2.1: MAGNET land allocation

‘ Total land supply and use in MAGNET
(exogenous)

S~ -0.2 ~

Agriculture | | Commercial forestry

\\\ // < ///
e -0.4 \

Crops | | Livestock sectors |

\ / /

& 4 @ -

-0.6
Y
| Paddy rice | | Vegetables, fruits and nuts | | Other crop sectors
Q 4 ) y 4

The extent to which land can be reallocated betwagitulture and forestry and between different
agricultural sectors depends very much on the egsriand property regime. Vietham’s land tenure
system has been reformed under the economic refovoess known aSoi Moi. In this process, land
has been re-assigned from collectives to smalksfaimers, establishing their land rights in a Land
Law and enhancing tenure security via inheritalaled! rights that also asserted women’s rights
(HLPE, 2011; Kirk and Tuan, 2009). As a consequeote¢he reforms and parallel agricultural
liberalisation process, a lot of gains have beedaia terms of increased agricultural productiod an
trade, intensification of rice production and dsification into crops other than rice, which enheathc
food security and reduced hunger and rural povéitywever, important challenges remain which



ensure that the actual land allocation over diffedand using sectors in Vietnam is still far from
smooth and market driven. First land allocatioll seems very much planned and regulated by
national, regional, provincial, district and comraeutevel authorities, each with their own, often
inconsistent, land use plans, which do not matctioseconomic plans and construction plans
(scoping workshop, Hanoi). Also, whilst legal systeare in place, they are not always operational in
practice for a variety of reasons (Kirk and TuaB02 scoping workshop Hanoi). As a result, it is
unclear whether one can speak of a real marketldiod in Vietham, with (sectoral) demand
responding to a price and with price adjustmengsi@sy equilibrium between demand and supply.

Two main points of importance to the global-to-lodand use modelling emerged from the
discussions with Viethamese land use planners takelsolders (scoping workshop, Hanoi). Firstly,
land reallocation in agriculture is often not imgneous and easier between some sectors relative t
other sectors. We secure this in MAGNET via lowelsvof substitution, which increase for more
similar commaodities (Figure 2.1). And secondly, @recyear the central government establishes the
(official) price for land. It was suggested thatotwystems operate in parallel, the market with a
‘market’ price and an official system with an oféicprice. The market price is not monitored on a
regular basis and so the valuation of land by thegiment in terms of an official price is gengrall
not in line with market developments. Given thaisiimpossible to model these two systems at the
same time, given the lack of information on lanittes, and given that the focus of this study is on
implications of global, national and local drivass land use patterns, we decided to keep the land
market in the model (i.e. land use across sectdbgit sluggish, is an endogenous outcome of the
model and responds to changes in prices, and lacespadjust so as to ensure equilibrium). The land
prices or land rental rates and changes theretretharge from MAGNET are thus best interpreted as
(changes in) shadow prices for land, signifyingafaipes in) relative scarcity and pressures for land.

2.2 CLUE model description

At the spatially disaggregated level, land chamsgaiso dependent on biophysical conditions (eiy. so
slope, rainfall, infrastructure) as well as specdpatial policies such as the location of proteteeas
and other restrictions on land conversion. Thesgeis cannot be taken into account by MAGNET as it
only provides results at the aggregate countrylléw@ this reason the CLUE model is used to ptojec
land use data from MAGNET on a map with a spatablution of 1x1 km2. The model quantifies
future land use by identifying the biophysical dnoman drivers of agricultural land use, on the dasi
of current land use information and incorporatimjoimation on land use policies. To ensure
consistency between the global and national arsmalygh MAGNET, the FIPI 2007 land use map
classes have been aggregated to similar classt#eefanalysis in CLUE (Table A2.3).

By linking GIS based information on land use drsvée.g. location characteristics) with a land use
map, a suitability map is generated that identifies most probable allocation for the seven land
classes for which information is available: paddtey other agriculture, production forest, non-

production forest, shrub land, build up land artteotand (Table 2.1). Additional GIS information on

the following location characteristics was collect® create the suitability map: elevation, slope,
rainfall, distance to community centres, distar@enjor water bodies, distance to roads, distance t
coast, population density, soil and temperature.

In the next step, land use scenarios are simul&adall seven land classes assumptions are made
about the expansion or contraction over time wli help of a so called land use conversion matrix
and setting of conversion elasticities. These umsents determine which classes can be converted int
one or more of the other land use classes andnieeitt takes to convert one land class into another
For some classes this is relative easy (e.g. frataral forest to crop land), for others more time
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consuming (e.g. from pasture to commercial forast) for yet others it might be impossible (e.g.
from rock land to paddy rice). Information on growaf paddy rice, other agriculture and production
forest land is taken from MAGNET, while change amd use for the other classes is set exogenously
depending on the scenario and available informat@IJUE also makes it possible to ‘block’ the
conversion of certain areas (grid cells), whicliseful to simulate land use policies that do nioival
land use change in protected parks. Finally, the keonversion matrix, the suitability map and the
future trajectories of the seven land use classeslhcombined in CLUE in order to create land use
maps for the period 2007-2030 for each scenario.

3. Scenarios

The MAGNET-CLUE model combination is put to useairscenario analysis. The scenario analysis
aims to quantify the impact of both global and ordil drivers and policies on land use in Vietnam up
to 2030. Scenario analysis is commonly used in @wion and environmental impact assessment
studies which need to take into account the compled uncertain interplay between economic,
climatic, technological and political factors. loch a setting simple projections based on historic
trends are of limited use. Scenarios are not éguakrecasts. Instead they are the product of btay
with a coherent set of assumptions that togethsecridee potential but plausible futures. They are an
important tool to help policy makers, researcherd ather stakeholders to envision what the future
may look like and guide the formulation of policiggt are contingent on future expectations. The
outcome of the model simulations are captured kanghs in a number of indicators for each of the
scenarios that summarises the findings and asstssgmssible impacts. Indicators include macro-
economic indicators of socio-economic drivers sashproduction, consumption, income, prices and
trade for Vietnam and the rest of the world, aslwslland use indicators that are able to capture
physical land changes, visualised by land use nfépare 3.1 summarises the overall approach and
the links between the models.

From the scenario workshop held in Hanoi two sdesaemerged. The first scenario to be

implemented is, a High Climate Impact (HCI) sceaadtat reveals the consequences of climate
change on Vietnam’'s economy and land use. The desoenario to be implemented is a High

Economic Growth (HEG) scenario which implements ¢ginewth target incorporated in the Socio-

Economic Development Strategy (SEDS) of Vietnam giwdd targets from the Master Plan on

Agriculture (MPA) that is linked to the SEDS. Farntb scenarios, the consequences for Vietnam’s
economy and national and local land use will bewshoResults will be presented relative to the
baseline, ‘Business as Usual' (BaU), scenario whieflects common expectations on how the
(global) economy will develop with no new policieging implemented. Since the base year of
MAGNET is 2007, the BaU scenario will be run foetheriod 2007-10 to project the model towards
2010, and then up to 2030 divided up into twogmgiof equal length, 2010-2020 and 2020-30. The
outcomes of the alternative HCI and HEG scenaras lte compared with economic targets, and
targets for land use and the agricultural and foyesectors envisioned by Vietnamese official plans

Below follows a discussion of the assumptions ulydeg each of the scenarios.
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Figure 3.1: Schematic representation of scenario &g and outcomes
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3.1 Business as Usual (BaU) scenario assumptions

The BaU scenario reflects a future in which majocis-economic drivers follow current trends. It
assumes that there are no major policy changes. /@O agreement, REDD, biofuels, etc.).
Furthermore, yields will keep on increasing at #zme pace as in the past. Climate change over the
simulation period is assumed not have any significanpact on agricultural productivity and
economic growth, and extreme weather events aramasue.

Storylines (Scenario specific conditions and assumptions)

Landscape
(1 km x 1 km)

3.1.1 Drivers of socio-economic change: MAGNET

The BaU scenario in MAGNET is generated using im@tion on the expected growth path of the
economy (GDP) and endowments (capital, labour, land natural resources) over time for all
countries and/or regions in the world, and the potiglity of these endowments, most notably that of
land, i.e. yields. This information is then useddtrive the implied technological change by region,
which is subsequently fixed so as to endogenousherate the targeted GDP. The resulting BaU
scenario forms the starting point of all furthealyses. In generating the baseline in MAGNET, it is
assumed that productivity in primary agriculturdl @wrow twice as fast as in services and produistivi
in manufacturing will grow 2.65 as fast. This isnsistent with more pessimistic views about the
future of agricultural productivity as representby predictions of stable or even rising real
agricultural prices in the future. Technologicabgmess is assumed to be labour saving.

MAGNET uses USDA’s Economic Research Service ptmes for GDP and population for its BaU
scenario? Specifically, MAGNET assumes that labour suppljofes the growth path for population
and that capital growth equals growth in GDP. Tatéel assumption is consistent with the stylised
fact of economic growth that the capital-outputads roughly constant over time. Growth of natural
resources is linked to growth of capital with atéamf 0.25, i.e. natural resources grow at a quart
the rate of capital. Land supply (to agriculturel @ommercial forestry combined) growth rates are

16 Available fromhttp://www.ers.usda.gov/data/macroeconomics/#BaalacroTables
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obtained from the National Institute of AgricultURlanning and Projection (NIAPP) for Vietnam and
from Willenbockel (2011) for the rest of the worldand productivity (i.e. yield) projections are
included from the Dutch Environmental Assessmentrfdy (PBL), drawn from its IMAGE
(Integrated Model to Assess the Global Environmemidel and based upon FAO projections up to
2030 (Bruinsma, 2003). The baseline assumptionslia@ayed in Figure 3.2, for the period 2010-
2030.

Figure 3.2: Assumptions underlying the Business ddsual (BaU) scenario

Drivers of change in the baseline: 2010-2030

mGDPgrowth  m Population growth Land supply growth Yield growth (paddy rice)

lmll.lml lh
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Union South America  North Afric Afric Asia
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Country/region

Source: USDA (ERS): GDP and population; NIAPP (Vaet) and Willenbockel (2011): land supply; Bruinsn28Q3):
yield growth. Note: changes in yields other thangfaddy rice not shown but available from authgsrurequest

As shown, Vietnam is expected to realise high ecoogrowth, averaging 6.6 per cent per year over
the coming two decades, which is the third higlgestvth rate in the world after China (7.6 per cent)
and India (6.9 per cent). Population numbers gdigestabilise across the world, with the exceptidn
Sub-Saharan Africa which realises a population ¢navi 2.2 per cent per year over the period 2010-
2030. Over this period, Vietnam’s population iswiy at a rate of 0.8 per cent per year, lower than
the rest of ASEAN, India and Rest of South Asia, ligher than in China (one child policy), Japan
(which experiences negative population growth dutw birth rates and an ageing population) and
South Korea (which experiences declining fertitiyes, also due to encouragement by government in
the past to only have only one child). Land avaddbr use in agriculture and commercial forestry i
Vietnam is growing at a rate of 0.3 per cent paryever the coming two decades. This is higher than
the growth rate of land recorded elsewhere in tbett&ast Asia region, and only lower than the
Africa region (0.4 to 0.9 per cent) and Central &otith America (0.7 per cent). The expected growth
in agricultural land is based on historic trendsclwhshow a considerable expansion of plantation
forest over the last two decades as well as araser in perennial crop area. Growth in paddy rice
yields for Vietnam is projected to be high, at @eleof 1.2 per cent per year over the period 2010-
2030, and in the same range of those of other desnin the region. Only Sub-Saharan Africa is
expected to realise a higher growth rate in paddy yields (1.5 per cent per year over the period
2010-2030).

3.1.2 Assumptions on land use drivers: CLUE

For the spatial analysis with CLUE in the BaU seendand use projections for paddy rice, other
agriculture and commercial forestry are taken flgAGNET. It is assumed that the expansion of
agricultural and commercial/production forestrydanill take place at the expense of shrub lands and
non-production forest. According to expert inforioat (NIAPP), the shrub land category includes
fertile but unused grass land that is suitableafgricultural production. The growth of built up ¢an
change is derived from two types of urban poputapoojections. Projections for urban population in
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Vietnam are taken from the World Urbanisation Peusp (UNDESA, 2011) and is based on the
proportion of the population living in urban are@his is combined with projections on urban density
(persons per m2). It is assumed that the land medjdior industrial areas, ports and military pugsos
grows proportionally to urban land.

3.2 High Climate Impact (HCI) scenario assumptions

The HCI scenario reflects a future with rapid temgpere change, high sensitivity of crops to global
warming, and a CO2 fertilization effect at the lovead of published estimates. In Vietham, extreme
weather events will be more frequent resultingooding in the coastal areas and the Mekong Delta.
Lower yields and flood risks pose a threat to agjtioral production and food security, and are
expected to have a negative impact on GDP growth.

3.2.1 Drivers of socio-economic change: MAGNET
Relative to the baseline, the yield growth assuomgtiwill be scaled downwards, generating an new
growth path for the Viethamese economy, with aedéht land use pattern.

The impact of climate change on crop yield growtlkder the HCI scenario is shown in Figure 3.3. It
shows that Vietnam is particularly negatively aféecby climate change; with the exception of wheat
(not grown) and other grains, yield growth is atske0.3 percentage points (Ppper year lower in
Vietnam compared to the rest of the world.

Figure 3.3: HCI scenario - change in yields (in dierence from BaU)

The impact of climate change on crop yields: 2010-2030
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3.2.2 Assumptions on land use drivers: CLUE
Assumptions on land use drivers for the HCI scename the same as in the BaU scenatrio.

3.3 High Economic Growth (HEG) scenario assumptions

In the HEG scenario the Vietnamese economy is gexjeto grow at a higher pace, in line with
Vietnamese official growth targets. A main driver this growth is assumed to be growth in
agricultural yields for which the projections alalow Vietnamese official targets, and technolagjic
change geared towards manufacturing, and to a tegs¢ent agriculture and services sectors.
Climate change is assumed to be absent. The rés¢ eforld is assumed to grow at the same pace.

" Defined as the arithmetic difference between twezemstages.
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3.2.1 Drivers of socio-economic change: MAGNET

Under this scenario the Vietnamese economy is asgumobtain a higher growth path, of 8 per cent
per year over the period 2010 to 2030. This isna with the high end of the growth target of 7Bto
per cent formulated in the Socio-Economic Developn@trategy 2011-2020 (SEDS, 2010). With this
high economic growth, the Vietnamese governmens aarachieve a GDP per capita of 3000 US$ in
2020. Combining GDP figures under this scenarichwibpulation estimates from USDA’'s ERS
reveals that this target will not be met in 202M&per capita is then expected to be around 1800
US$) but somewhere around 2028 assuming 8 per @Bt growth. A main driver of the high
economic growth is assumed to be growth in yiegure 3.4). Yield figures are taken from the
Master Plan on Agriculture, prepared by NIAPP i1 20that presents detailed land use planning for
the period 2010-2020 in line with the SEDS. As showields particularly grow faster in vegetables,
fruit and nuts (4pp) additional growth per yeamati®e to the baseline) and other grains (2.5ppaextr
growth per year), followed by oil seeds (2pp addiéil growth per year). The remainder of the higher
growth is generated by technological change getvedrds manufacturing and to a lesser extent
agriculture and services sectors (in line with distribution of total productivity growth over secs

in the baseline).

Figure 3.4: HEG scenario - change in yields (in diérence from BaU): 2010-2030

Increasing crop yields for higher economic growth : 2010-2030
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3.2.2 Assumptions on land use drivers: CLUE

As before, land use change for paddy rice, otheic@ture and production forest is calculated by
MAGNET. Similar to the BaU and the HCI scenariojltbbup land is a function of the number of
people living in urban areas and urban density oredsby the number of persons per km2. In line
with the SEDS and related national land use plgas Chinh, 2011), it is assumed that 45 per cent of
the total population is living in urban areas ir2@@nd this reaches 55 per cent in 2030. In adiitie

a consequence of a rise in welfare and the denamkhriger houses and more space, urban density
will be lower in the HEG than in the BaU. To fulfiie demand for agricultural and built up land,nhon
production forest, and shrub and grass land wilkkdreverted. To capture the higher pressure on land,
it is assumed that nature reserves and protectsgszre no longer shielded off from land conversion
and can be used for productive purposes or settisme
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4. Results

We start each sub-section with a story line deswilthe main outcomes of each of the scenarios,
followed by an analysis of socio-economic impacesijlting from MAGNET) and land use impacts
(resulting from CLUE).

4.1 Baseline (BaU) scenario results

Vietnam increasingly becomes a service and manuiagtorientated economy, at the cost of
agriculture and commercial forestry. Especially {eddy rice sector is slowing down, growing only
marginally over the coming two decades. The lunmdustry that produces wood products mostly for
exports is the only sector in Vietnam that consatttsuffers mostly from increased prices for $ne
inputs and, to a lesser extent, rising industrizdges, due to which it becomes less competitive
compared to the rest of the world. The price rige fommercial forestry can largely be explained by
increasing land prices in Vietham, which are ocaugreven more so globally and signify increased
pressures for land. Land use by commercial foreatny livestock sectors increases and declines for
crop sectors, with land moving out of paddy ricel aegetables and fruit sectors. The land pricesrise
more so for commercial forestry than for crops atsb livestock, not only because the commercial
forestry (and livestock) sectors are growing fadtean crops, but also since it is more difficult to
transfer land from agriculture to commercial fongsthan it is from crops to livestock. Overall food
security in Vietnam improves, both from domestit iamported sources. The Vietnamese consumption
pattern changes, however, with a rising importanédish, vegetable oils and fats and other food,
beverage and tobacco products, at a cost of precksge and vegetables, fruit and nuts. Trade in
manufacturing and services continues to rise innireence and display increasing trends over time.
Despite the declining importance of the paddy seetor in Vietham’s economy, Vietnam continues to
be one of the main exporters of rice in the womdih exports of processed rice increasing
substantially over the coming two decades, thentributing to global food security and notably
that of Sub Saharan Africa.

4.1.1 Socio-economic impacts

In the BaU scenario, the structure of the Vietnaresonomy changes into one more dominated by
services (value added share of over 50 per ceR03®) and manufacturing, away from agriculture,
and most notably crops (Figure 4.1). Within cropst(shown), most of the fall of the value added
share can be attributed to the paddy rice secitis ffom 4.3 per cent to 1.6 per cent) and vedesab
fruit and nuts (falls from 3.7 per cent to 1.7 pent). Commercial forestry sector becomes less
important (value added share falls from 2.1 pet ted.1 per cent) as does its most important lien
the lumber industry producing wood products (vaddeled share falls from 1.6 per cent to 0.5 per
cent).

Figure 4.1: Value added generated in Vietnam by brad economic sector (BaU)
2010 2030
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Underlying the changes in the economy are difféaegtowth rates across economic sectors. Notably,
the economic growth that Vietnam records over theod 2010-2030 primarily takes place in
services and other manufacturing, experiencing angowth rates of over 6 per cent (Figure 4.2).
Other sectors also expand but with lower growteg:a€onsidering the land using sectors, crop sector
still grow by 1.3 per cent per year, livestock sestoy 4 per cent per year and commercial fordstry
2.4 per cent per year. Within crops (not shownpeemlly the paddy rice sector is slowing down,
recording a growth of only 0.5 per cent over theque2010-2030. The only contracting sector is the
lumber industry producing wood products, which agperiences a (real) producer price increase of
1.6 per cent per year.

Figure 4.2: Changes in production and prices in Vimam: 2010-2030 (BaU)

7
6.2 6.2

6

6.5
5.1
5
20 4.2
4
2.8
3 24
2 1.6
13 1.2
1 m Production
0.3 .
Real producer (market) price
0
i .
0.6

-0.9 -0.9

Yearly % change

Sector

The lumber industry is different from other sectiorghat most of its output (93 per cent in theebas
year) is destined for the export market, and mésioasumer demand for its wood products (82 per
cent in the base year) is satisfied by imports. Gamed to the rest of the world this sector becomes
less competitive (globally, the real producer prfoe wood products even falls slightly) and so
produces and exports less, whilst the increasedurnar demand is satisfied by imports. The lumber
industry is also different from other manufacturisgctors in that it has strong linkages with the
commercial forestry sector; using base year dapmoxpmately 91 per cent of commercial forestry
output is destined for the domestic market, andtrabshis (99 per cent) for producers, of which 75
per cent goes to the lumber industry as intermediaput. These forestry inputs account for
approximately 40 per cent of the cost of one uhibwtput of the lumber industry. As shown, the
commercial forestry sector expands and also redbedgighest price increase (growth rate of around
6 per cent per year over 2010-2030), followed kppsr(around 3 per cent increase per year in the
producer price). This provides the most importaait pf the explanation for the producer price
increase for wood products. Given that, as a caressgg, intermediate demand by the lumber industry
is falling, the rise in commercial forestry outpstdestined primarily for exports (albeit small)dan
domestic producers other than the lumber indu§toynpared to the rest of the world, the commercial
forestry producer price increase in Vietnam is edwerage (the global average being a 6.7 per cent
increase per year) so that Vietnam's forestry séstoecoming more competitive relative to the dst
the world. The observed changes in Vietnamese pevdprices, including that of the commercial
forestry sector, are likely to have their originféiwtor markets. Two markets that are of importaaree
the labour market and the market for land.
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Figure 4.3: Changes in employment and wages in Viedm: 2010-2030 (BaU)

6 53 5.4 5.5 54 5:5

4

1.7

13 1.3 1.3
07 I
0 . l l
-1.2 I 13 14 m Employment
-1.8
-3.3

-2

Yearly % change

Real wages

-4

-6.2

Crops Livestock Commercial Fishing Processed Wood Other Services
forestry food products  manufacturing

Sector

The increased service and industry orientation iefAam generates employment in services and to a
lesser extent manufacturing at a cost of otherosgcmost notably wood products and crops, with
employment falling by 6.2 per cent and 3.3 per qasrt year (Figure 4.3). Segmentation between
agricultural and non-agricultural labour marketsises (real) wages in crops, livestock and forestry
sectors to lag behind (increase of 1.3 per centypar, compared to 5.5 per cent per year in non-
agriculture). The real wage rises explain parthef tise in the (real) producer prices. For comnaérci
forestry (and crops), the explanation is also ikelbe found in the land market.

Figure 4.4: Changes in land use and land prices Misam: 2010-2030 (BaU)
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Figure 4.4 displays the change in land use andrdad) relative land price over 2010-2030 for the
baseline. Real land prices, which represent thievedae of one extra unit of land, are very small i
the base year, so we've scaled the prices witlavieeage real land price (the average real pricdl of
land in Vietnam used in agriculture and commerfatstry, which goes up by 8.3 per cent over the
period 2010-2030). The graph shows that the relddnd price in commercial forestry goes up by a
lot (8.1 per cent per year over the period 20109203 response to its increased demand for larfl (1.
per cent per year), followed by a small increaséhe relative land price for livestock followints i
small increase in demand for land (0.3 per centygar), whereas the relative land price in crops
actually falls as does its demand for land (thougibsolute terms the real land price in crops still

be increasing). The overall increased demand fat faom the agricultural and commercial forestry
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sectors in Vietham (0.5 per cent per year on aerbgads to upward pressure on the land price and
more so for commercial forestry compared to livekstand crops, not only because the commercial
forestry and livestock sectors are growing fagiat,also since it is more difficult to transfer daftom
agriculture to commercial forestry then it is frenops to livestock.

Figure 4.5: Land use in Vietham by agricultural andcommercial forestry sectors (BaU)
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The observed changes in land use lead to a ditfedécation of land across sectors. Notably, the
share of land used by the commercial forestry seéctoeases at a cost of land used by paddy ride an
vegetables, fruit and nuts (Figure 4.5).

Overall food security, measured in terms of thengeain the Viethamese consumption of food items
(weighted by their expenditure shares in the bas)y improves by approximately 4 per cent per
year, both from domestic and imported sources. @terage food price, the composite of the
consumer (market) prices of all food items consufag@in weighted by their shares in the base year),
in Vietnam falls slightly by 0.8 per cent per yeser the period 2010-2030. As shown in Figure 4.6,
The Vietnamese consumption pattern does howevergehavith a rising importance of fish (from 12
per cent of the consumption basket in 2010 to XS ert in 2030), vegetable oils and fats (fromdO t
13 per cent) and other food, beverage and tobawmhupts (from 33 per cent to 36 per cent), at & cos
of processed rice (share falls from 16 per cei® per cent) and vegetables, fruit and nuts (froper7
cent to 4 per cent).

Figure 4.7 displays the changes occurring in Viekese trade in terms of exports, imports and the
value of the trade balance. As shown, most traddirages to take place in other manufacturing
(accounting for 75 to 80 per cent of trade in 2080) services (7-10 per cent of trade in 2030} wit
trade in both rising over time. With respect to thiter traded commodities, trade is generally
improving, with the exception of vegetables, fraiitd nuts (decline in exports of close to 2 per cent
per year) and wood products from the lumber ingustperiencing a fall in exports of 1.5 per cent pe
year and a rise in imports of around 5 per centypar due to decreased competitiveness relative to
cheaper foreign wood products. Most of the incraasenports of wood products is coming from
China, which doubles its share in Vietnamese lunieorts from 25 per cent in 2010 to 50 per cent
in 2030, partly substituting for imports from thecend most popular source of imports, rest of
ASEAN (declining share in Vietnamese lumber impdrtsn 42 per cent in 2010 to 14 per cent in
2030). The fall in exports of wood products is espiéy borne by the two most important export
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destinations, EU27 and North America, accounting30 per cent and 40 per cent of Viethamese
exports in 2010, and with both shares falling bpescentage points up to 2030. China's share in
Vietnamese lumber exports as with imports almosbtis (from 6 to 11 per cent).

Finally, despite the declining importance of thalgharice sector in Vietham’s economy, Vietnam

continues to be one of the main exporters of ricghie world, with exports of processed rice

increasing by close to 4 per cent per year ovectimeing two decades (Figure 4.7). Vietnam thereby
contributes to global food security and notablyt thlaSub Saharan Africa, which sees its imports of
processed rice from Vietnam increase by around @¢m per year over the period 2010-2030. Global
food security, or the consumption of food, improws1.5 per cent per year over the period 2010-
2030, with global food consumption prices slighfyling (by 0.1 per cent per year over the period
2010-2030).

Figure 4.6: Viethamese food consumption pattern (Bd)
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Figure 4.7: Changes in the Vietnamese trade patterri2010-2030 (BaU)
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4.1.2 Local land use impacts

In the BaU scenario, as well as in the other séemathe production forest area shows the biggest
absolute increase of all land uses, from 22 per afetne total land area in 2007 to 31 per cer2(B80
(Appendix A3; Figures A3.1 to A3.3) equivalent tgrawth rate of 37%. This goes mostly at a cost of
non-production forest (share falls from 12 to 10 gent), paddy rice area (share falls from 16 to 12
per cent) and bare and shrub land areas (shasdrfath 17 to 14 per cent).

Figure 4.8b, left- and right-hand side panel, shoegpectively the aggregated FIPI land use map for
2007 and 2030 according the BAU. By comparing tihe rtnaps, a good impression can be obtained of
the spatial distribution change over time. Agaive increase of the light green production forestiar

is mostly at the cost of non-production forest bace and shrub land areas.

In order to produce the BaU map of 2030, the ptetkareas were not excluded from land use change.
According to the land use conversion matrix, newdpction forest can only be created in non-
production forest areas, extensive agriculture faooh bare and shrub land. Paddy land, urban and
other land cannot be converted into production diordhe areas with the highest probability for
production forest, paddy rice and other areas lawe/s in the Appendix A3 (Figure A3.4). Finally the
elasticity for production forest was set at a vatie0.5 which means that production forests are
considered to have a moderate conversion cost avel & slight preference to be located adjacent to
areas where it already grows.

The increase of built up or urban area in the Be¢hario (Figure 4.8b) is 2 per cent for the whafle
Vietnam and is the highest in the Red River Datgian (Figure 4.8a), followed by the northern part
of the North Central Coast and in the Central Highls. Built up areas are set with a high elasticity
(value of one), implying a high conversion costisTimeans that in CLUE new built up areas are only
allocated adjacent to areas that are already undktrup in 2007. The upper right probability majp o
Figure A3.4 in Appendix A3 shows a high probabifiby built up in the Red River Delta area.

Figure 4.8a: Land use pattern in the Red River Dett in the BaU Scenario
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Figure 4.8b: Land use pattern in Vietnam in the BaUScenario
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4.2 High Climate Impact (HCI) scenario results

Climate change slows down the Vietnamese econotmsreds the structure of the economy roughly
remains the same, impacts are felt at the sectevall, where the fall in crop yields lowers prodant

of crop sectors (notably paddy rice and vegetalfles, and nuts) and increases their unit costse Th
latter is primarily due to increased demand fordaoy crops, at a cost of livestock and forestryictvh
puts upward pressure on the price of land. Thisseaulivestock and commercial forestry also to
contract and has negative knock-on effects on imeégsof processed food and wood products.
Employment falls in all sectors, apart from sergieed commercial forestry, which lowers wages, but
this is generally not sufficient to counteract tige in costs from rising land prices. Overall food
security falls in Vietnam, but generally with sufogion towards imported commodities away from
domestic commodities as it is cheaper to consumaiicgroducts from abroad. Exceptions are fish
and vegetable oils and fats that actually beconmeapkr in Vietnam, with consumption of fish rising.
In terms of trade, the lumber industry becomes tegapetitive and less is exported of Vietnamese
processed rice, including to Sub-Saharan Africaco8s the globe, climate change is worsening food
security.

4.2.1 Socio-economic impacts

Due to climate change the Viethamese economy sisipdown by 0.2pp (percentage points) per
year over the period 2010-2030, from a growth cdit6.6 per cent per year in the BaU scenario to a
growth rate of 6.4 per cent per year on averaggenHCI scenario. This is equivalent to a fall in

growth of 11 pp in total over the period 2010-2030.

Climate change has little impact on the structdrghe economy (Figure 4.9), with value added shares
of the broad economic sectors staying roughly @orisitThe share of crops falls slightly (by 0.6pp),
mostly accounted for by paddy rice (0.2pp) and tages, fruit and nuts (0.2pp), whereas that of
other manufacturing and notably services increé®e8.1pp and 1.2pp respectively).

Changes are however visible at the sub-sectoral,lexth production of all primary sectors, fishing
processed food and wood products sectors fallimgtla@ir prices mostly rising (Figure 4.10). Within
crops, paddy rice and vegetables and fruit sectmnsract by 0.7pp with (real) producer prices Ksin
by about 2.7pp in addition to the baseline. Thedemindustry producing wood products is most
affected by climate change in terms of productiod axperiences a fall in production of 2.6pp per
year in addition to the 0.9 per cent per year @mtiion in the BaU scenario. This highly traded sect
becomes less competitive compared to the resteoivtirld and so produces and exports less. Part of
the explanation comes from the commercial forestgtor which sees its (real) producer price
increase by 1.3pp per year in addition to the Be¢hario. The crops sector records the biggest)(real
price increase of 2.7pp per year in addition toBlak) increase of 2.8pp per year. This is due to the
fall in yields caused by climate change.

The observed changes in Viethamese producer phipes their origin in factor markets. In line with
sectoral developments, employment in primary sectighing, processed food and especially wood
products falls (by 2.5pp per year in addition te tBaU), whereas employment in services (and
commercial forestry) rises slightly (Figure 4.1This leads to downward pressure on (real) wages, in
the range of 0.6pp to 0.7pp per year comparedet®@HU scenario.

Considering the land market (Figure 4.12), landissecreasing in crops relative to the BaU scenari
as crop yields have dropped due to climate chaatgecost of livestock and commercial forestry. The
average (real) land price of all land used in Vaetnis going up by 10.5 per cent per year in the HCI
scenario, 2.2pp higher than in the BaU scenarid,thrs is especially due to the rise in the price f
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crop land (which increases by 10.1 per cent per,y&dpp higher than in the BaU scenario). Land

prices in livestock and commercial forestry alsovgfaster than in the BaU scenario (1.6pp and 1.5pp
per year respectively), but less so compared tpscso that, relative to the average land price] lan

prices in these sectors fall compared to the Badnhado (Figure 4.12). The absolute real land price
increases recorded in all land using sectors aig leyge extent responsible for the producer price
increases in the primary sectors, with knock-ore@f on processing industries (processed food,
lumber industry).

The observed changes in land use, however, haleeifitpact on the allocation of land across sectors
(Figure 4.13). As a share of total land availahl2030, only slightly more is allocated to cropsémn
notably 0.5pp to paddy rice, 0.3pp to other graing 0.2pp to vegetables, fruit and nuts), at a @ost
commercial forestry.

Overall food security in Vietnam falls by approxitely 0.2pp per year compared to the BaU scenario
due to an increasing food (market) price of on agerlpp per year, but with a bigger fall in dontesti
consumption compared to consumption from imporige B domestic price rises it actually becomes
cheaper to consume certain food products from abi®eceptions are fish and vegetable oils and fats,
which actually become cheaper in Vietnam relativethie rest of the world. Fish consumption
improves, whereas in total vegetable oils and Gssumption still falls. These changes in the
Vietnamese consumption pattern have little impacttlte composition of the consumption basket
(Figure 4.14). As a share of total food consumpiro8030, only slightly more (1pp) is consumed of
the fish sector.

In terms of trade (Figure 4.15), exports of wooddurcts decline, whereas imports rise due to its
decreased competitiveness. The Vietnamese comrhdocistry’s trade (albeit small) improves
despite the fact that this sector is contractindy @xperiences a price increase, as the price iperaa
the world market is slightly higher (0.8pp per yeaer the period 2010-2030) compared to the BaU
and so it is becoming more competitive viz-a-vie trest of the world. The processed rice sector,
following the paddy rice sector, contracts and epees higher unit costs and prices, and so export
less and imports more. Within imports of processed there is substitution away from China and
India towards other rice exporting countries. Expaf processed rice to Sub Saharan Africa fall by
almost 2pp per year over the period 2010-2030 coetpto the BaU scenario. Generally, climate
change is detrimental for global food security, athdeteriorates by close to 0.25pp per year ower th
period 2010-2030 compared to the BaU, with globabtifconsumption prices rising by 1.4pp.
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Figure 4.9: The structure of Vietnam’s economy in @30 under different scenarios
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Figure 4.10: Changes in production and prices in \étnam
under different scenarios, relative to the BaU: 200-2030
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Figure 4.11: Changes in employment and wages in \fifam
under different scenarios, relative to the BaU: 200-2030
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Figure 4.12: Changes in land use and prices in Vieam
under different scenarios, relative to the BaU: 200-2030
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Figure 4.13 Land use pattern in Vietnam in 2030 uner different scenarios

60

™ Bau
m HCI

Land use share (%)
w
o

® HEG

20 +—
M Il

T T
Paddyrice  Cereal grains nec Vegetables, fruits Oil seeds Sugar cane, sugar  Other crops Commercial
and nuts beet forestry

Sector

Note: small data points (with a share < 1%) havenbemoved

Figure 4.14 Vietnamese food consumption pattern iB030 under different scenarios
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Figure 4.15: Changes in imports and exports of Vietam
under different scenarios, relative to the BaU: 200-2030
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4.2.2 Local land use impacts

In the HCI scenario, the production forest areainathe BaU scenario, shows the biggest absolute
increase of all land uses, equivalent to a growtke of 34 per cent, lower than in the BaU and so
resulting in a slightly lower share in total lantd3® per cent in 2030 compared to 31 per centén th
BaU scenario (Appendix A3; Figures A3.1 to A3.3).

The land use map for 2030 in the HCI scenario @svshin Figure 4.16, which is roughly similar to the
land use map for 2030 in the BaU scenario. In tbheendetailed map of the Mekong Delta area it can
be seen that this area has changed remarkabéydadthpared to the land use situation in 2007. Some
of the extensive agriculture in this area is cotegkto paddy rice, but compared to the Red River
Delta there is much less urban development. IrRibe@ River area, part of the paddy is converted to
urban land use, mainly in the western part of thedy area.
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Figure 4.16: Land use pattern in Vietnam and MekondDelta in 2030 in the High Climate Impact Scenario
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4.3 High Economic Growth (HEG) scenario results

Rising crop yields and higher technical progresi@rVietnam onto a higher growth path. As a
result, the structure of the economy changes inuawf crops (vegetables, fruit and nuts), and the
processing food and lumber industry, at a cost ahufiacturing and services. All sectors expand in
size nevertheless and producer prices fall, exémptommercial forestry, fishing and services. The
fast expanding lumber and food processing industaed services draw in labour at a cost of
employment elsewhere. Market segmentation causgesw@ rise faster in industry and services
compared to agriculture. Land used by crop secforgst notably vegetables, fruit and nuts) falls due
to high yield growth to the benefit of mostly lieek sectors. Overall food security in Vietnam
improves as domestic food has become cheaper. iBbpanore is consumed of cattle meat, fish,
vegetable oils and fats, other food products andelsges, and vegetables, fruit and nuts.
Consumption of processed rice becomes less impprtdaereas consumption of other food products
and beverages becomes relatively more importamhosd all sectors become more competitive and
export more and import less, notably vegetablast find nuts. Processed rice exports rise to the
benefit of Sub Saharan Africa and global food siggwvhich slightly improves.

4.2.1 Socio-economic impacts

Due to higher growth in crop yields in the HEG saém the crop sector is becoming visibly larger,
accounting for a share in the economy of 5.8 pat te2030 compared to a share of 4.9 per cent in
2030 in the BaU scenario (Figure 4.9). Within crdpe vegetables, fruit and nuts sector is esggcial
growing with a 1.2pp higher share in 2030 compaieedhe BaU. This benefits processed food
industry, which increases its value added shate@ger cent in 2030 compared to 4.3 per centan th
BaU scenario), but goes at a cost of other manufactand services.

The production pattern that emerges from this seemaquite different from the baseline and climat
change scenario (Figure 4.10). All sectors exparsize, most notably wood products (by 3.3pp per
year in addition to the BaU), and the processed fadustry (by 2.5pp in addition to the BaU), with
(real) producer prices falling everywhere compatedhe BaU scenario, except for commercial
forestry, fishing and services, which experiencalsproducer price increases.

Employment is affected very differently across amuit sectors (Figure 4.11). The expanding lumber
industry, processed food and services sectors drdabour, at a cost of other sectors, most notably
commercial forestry and fishing sectors, but alsps, livestock and other manufacturing. Given that
the latter sectors increase production there istgution away from labour into other factors of
production, including land for land using sectodss¢ussed below), but also capital and natural
resources (not shown). Due to market segmentatierolbserved labour market developments drives
up (real) wages by close to 2pp per year in ingustid service sectors, and close to 1pp per year in
agricultural sectors, in addition to the BaU scemar

Land used by crop sectors falls and most of thateigetables, fruit and nuts due to its high yield
growth (Figure 4.12). This benefits livestock sestahich increase land use by 0.5pp per year in
addition to the BaU scenario, with land use by cemuial forestry also increasing slightly. This
causes the average (real) land price in Vietnans®only slightly, by 0.5pp per year in additian t
the BaU scenario. As a share of total land usesl,lahd allocation across sectors remains fairly
constant (Figure 4.13), with only the share of otheins falling and that of commercial forestry
slightly rising (by 0.5pp in addition to the BaUes@rio).
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Overall food security in Vietham improves by approately 0.7pp per year compared to the BaU
scenario due to a falling food (market) price byragimately the same amount, with substitution
away from imported goods to domestic goods sinceesbic food products have become cheaper.
Consumption increases especially for cattle mésit, fegetable oils and fats, other food produalis (
by about 0.8pp per year in addition to the BaU adei, and vegetables, fruit and nuts (by 0.6pp per
year in addition to the BaU scenario). This leaasmall changes in the Viethamese consumption
pattern (Figure 4.14). Specifically, as a sharéotdl food consumption in 2030, less is consumed of
processed rice (1pp difference with BaU scenatm)he benefit of other food products, beverages
and tobacco.

Finally, in the area of trade, almost all sectagsdime more competitive and export more and import
less, most notably vegetables, fruit and nuts wieigborts almost 10pp per year more in addition to
the BaU scenario over the period 2010-2030 dudstqield rise. Exceptions are the commercial
forestry sector and the services sector that impore and export less. Processed rice exportdyise
2.6pp per year in addition to the BaU scenariop @se to higher yields (and lower costs), to the
benefit of Sub Saharan Africa and global food sgcurhich slightly improves.

4.2.3 Local land use impacts

In the HEG scenario, changes in land areas byd&ss are roughly the same as in the BaU, with the
main difference that built up land is assumed magmuch faster, leading to a higher share in total
land in Vietnam in 2030 of 6 per cent compare8 per cent in the BaU (Appendix A3; Figures A3.1
to A3.3). This primarily goes at a cost of bare ahdub land in 2030 (share of 12 per cent compared
to 14 per cent in the BaU).

Figure 4.17, left-hand side panel, shows the las&lmap for Vietham in 2030 in the HEG scenario.
Compared to the BaU, the pattern of land use changdatively similar with the difference that now
production forest and urban or built up areas displ stronger growth.

Figure 4.17, middle panel, shows the conversioaxidgting forest areas into other land use and vice
versa for the period 2007 — 2030 for the HEG saen&s shown, the largest forest area disappears in
the eastern part of Vietnam, while the largestaéase of forest land appears in the western pahteof
country. This is mostly production forest land; lghthe production forest increases from 22 per cent
to 31 per cent of the country’s surface, the naydpction forest area decreases with 2 per cent,
resulting in a net increase of the forest areapéi8cent.

Figure 4.17, right-hand side panel, shows the obafighe built up area between 2007 and 2030 for
the HEG scenario. As in the other scenarios, ttgesd increase of built up areas can be foundén th
Red River Delta area, followed by the Northern @dregion and the Central Highlands region.
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Figure 4.17: Land use pattern in 2030 and fest conversion/built up development in Vietnam irthe High Economic Growth Scenario
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4.4 Discussion of results

The scenarios we've presented are themselves madh s#one, they are possible futures that are
indicative of what may happen. Many more futuresy rba relevant which vary with the many

uncertainties regarding climate change impacts aaaptation and mitigation policies, consumer
preferences, trade policy, land use planning anshso

The results current reveal little variation in lamgk allocation across sectors in the differemaces
compared to the baseline and as a result littletian in the general structure of the economy.(e.g
value added or consumption shares). In contrast sufnthe price effects (e.g. land prices) are quite
big. This seems to be due to the use of a thred-I@ET function with very low elasticities of
transformation, which reflects the difficulty to eh land between forestry and agriculture (and to
lesser extent between crops and livestock). Foegstsiot grown instantaneously, nor is it costtess
remove so, given the absence of forest dynami€3& models, it for now — given the lack of better
alternatives - seems a plausible assumption. Mereat does some justice to the reality that in
Vietnam decision making with regards to land us&ilshighly planned and not market-conform, and
that planning capacity still needs to be improved.

Another caveat is that (real) land prices, i.e.\thkie of one unit of additional land, are very low
the base year. It is unclear what these pricesldhm) especially in Vietham where there’s no land
market.

The future land use maps can be overlaid with otlxpected spatial developments in Vietnam so as

to analyse the impacts of land use change on tthegelopments and vice versa. Examples include

overlaying the future land use maps with futureepotal conservation areas, hydro power catchment

areas, tourism zones and poverty alleviation amasther interesting development is to analyse the

impacts of climate change on specific land usegygech as paddy areas and urban areas. Useful
spatial indicators of climate change are for ins¢atihe chance of floods, droughts and salinization.

Figure 4.18 Paddy areas in 2030-HEG under drire 4.19 Built up areas in 2030-HEG under
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In Figure 4.18, the projected paddy area in 203théMekong area for the High Economic Growth
scenario is overlaid with the potential flood map this region. The Mekong area has suffered sévera
extreme floods over the last couple of years. Tdtergial maximum inundation depth of these floods
are also shown on the map. Once the frequencyardge inundation depth of the floods are known,
the severity of crop damage can be assessed. Bogeith an estimate of crop production loss per
damage level, the total crop production loss ardlity can be calculated. This information will add
valuable information to food security assessments.

In Figure 4.19, the urban land in 2030 for the Higtonomic Growth scenario is overlaid with the
potential flood map and shows the potential inuiothatiepth in the urban areas. Again, when the
frequency and average inundation depth of the Hoaa: known, the severity of damage in these
urban areas can be assessed.

5. Conclusions

We have presented the preliminary results of twpoliyetical futures, a High Climate Impact and a
High Economic Growth Scenario on the basis of goraved GTAP based model set up (notably land
use) and improved data (notably for Vietham) andthgisa global-to-local modelling approach
(MAGNET-CLUE).

The macroeconomic (MAGNET) results show that threcstire of the Vietnamese economy, land
distribution and composition of food consumptionsket are little affected by HCI and HEG
scenarios. Impacts are however visible across iseatdth important inter-sectoral linkages such as
linkages between primary and processed food se@ors commercial forestry with wood products
(produced by the lumber industry).

Climate change is shown to slow down the econorhg. drojected fall in yields causes agriculture (in
particular crop sectors of paddy rice and vegesalitait and nuts) and associated processed fodd an
wood product sectors to contract and increases thet costs. The main cause is the increased
demand for land by crops at a cost of livestock emtimercial forestry. This pushes up land prices
with knock on effects onto the rest of the econoRgod security deteriorates across the globe and in
Vietnam, with substitution towards cheaper imports.

Pursuing higher economic growth by increasing yWelhd technological progress in especially
manufacturing and agriculture can turn these dewadémts around by creating relatively high growth
in crops (notably vegetables, fruit and nuts) amtessing food and wood product sectors. Expanding
industry and services sectors draw in labour, whigk to market segmentation drives up the real
wage in industry and services, relative to agricaltsectors. The rise in yields leads to lowedlase

in crops (notably vegetables, fruit and nuts), liging mostly livestock sectors. As a result, land
prices rise by very little. AlImost all sectors bewm more competitive, most notably the vegetables,
fruit and nuts sector. Food security improves [glig across the globe and) in Vietnam, with
substitution towards cheaper domestic goods ahdtd shift away from processed rice towards other
food products.

Future land use maps (from CLUE) reveal that thgelst changes will take place in the conversion of
non-production forests and bare and shrub landddygtion forest. The increase of built up land is
partly the result of a decrease in paddy land. Lasel changes are not distributed evenly over the
country; most of the urban growth is concentratedhie Red River Delta region, followed by the
northern part of the North Central Coast and inGeeatral Highlands. Spatial differences between the
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distribution of future land use classes are retdyiwmall across scenarios. The High Climate Impact
scenario results in a slightly lower increase @f pinoduction forest area. The HEG scenario regults

a higher growth of the production forest area arithm area, compared to the BaU scenario. The
largest increase in forest land, mainly productforest land, appears in the western part of the
country. An overlay of future paddy and urban asth potential flood maps show that a significant
area of these land uses are threatened by fladush are likely to result in reduced crop produiti

and economic losses, posing a threat to food dgcuri

Future work includes improving the modelling of tlaed allocation and land market in MAGNET
(also relating to forestry). Secondly, food segunihpacts are better derived distinguishing differe
types of households rather than the one representadusehold as is currently present in GTAP.
Thirdly, scenario assumptions regarding yieldshnetogical change and changes in consumer
preferences are likely to be crucial for the outesrand need more attention. Finally, the future lan
use maps allow a spatial analysis of land use @amgelation to other economic and climatic
developments that are related to land use, foaist the assessment of future paddy and urban areas
that are vulnerable to damage from extreme floodisather climate change impacts.
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Appendix
A1l. Key economic indicators for Vietnam

Table Al.1: Decomposition of GDP of Vietham, 2007

Source Value (million US$) | Share (%)
Consumption 46007 67
Investments 28253 41
Government consumptior] 4302 6
Exports 53675 78
Imports -63802 -93
Total 68435 100

Source: MAGNET

Figure Al.1: Value added by broad economic activityn Vietnam (%), 2007

Crops
M Livestock
m Commercial forestry
m Fishing
W Processed food
m Wood products
w Other manufacturing

W Services

Source: MAGNET

Figure Al.2: Value added by crop sector in Vietnan{%), 2007

Paddy rice
m Cereal grains nec
M Vegetables, fruit, nuts
1% m Oil seeds
m Sugar cane, sugar beet

m Other crops

Source: MAGNET
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Figure Al1.3: Vietnamese trade by region (%), 2007
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Figure Al.4: Vietnamese trade by sector (%), 2007
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Figure A1.5: Vietnamese trade in paddy and procesdeice (%), 2007
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A2. Land data for Vietnam

Table A2.1: Land cover in Vietnam, various sources

GTAP (2007) FIPI (2007)
Category Land cover in km2 | Share (%)| Land cover irkm2 | Share (%)
Production forest 116900 35 74858 22
Non-production forest 70771 21 61640 19
Shrub and Savannah grass Ignd 47238 14 62986 19
Paddy rice 2 £ 53462 16
Other agriculture 94676 28 52902 16
Built-up land 3281 1 8645 3
Other land 0 0 18517 6
Total 332910 100 332910 100

Notes:* Interpolated using total area from the FIPI maGa#\P only provides land use data for productioresoy” Part of
Other agriculture in the GTAP database.

Table A2.2 Land use in Vietnam, various sources

GTAP (2007) MAGNET using FIP1(2007)
Sector Km2 Share (%) | Km2 Share (%)
Paddy rice 50967 24 52296 29
Cereal grains nec 7762 4 10511 6
Vegetables, fruit, nuts 19106 9 24844 14
Oil seeds 4412 2 5779 3
Sugar cane, sugar beet 2075 1 2527 1
Plant-based fibres 266 0 195 0
Other crops 5390 3 6599 4
Cattle: sheep, goats, horses 4649 2 106 0
Wool, silk-worm cocoons 48 0 1 0
Commercial forestry 116900 55 74858 42
Total 211575 100 177716 100

A3. Local land use scenario data and probability maps

Figure A3.1: Land areas (km2) by land use class fatifferent scenarios
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Figure A3.2: Land areas (% share) by land use cladsr different scenarios
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Figure A3.3: Growth in land areas (% change) by lad use class for different scenarios
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Figure A3.4: Probability maps
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