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Preface

Land use is directly related to development, food security and climate change in
Vietnam. The agricultural sector, which is the dominant land-using sector in the
country, accounts for 21% of GDP. Seventy-one per cent of the population re-
side in rural areas, most of whom are small-scale farmers that produce paddy
rice, the main staple food in Vietnam and also an important export product.
Changes in land use patterns over time also play a crucial role in climate change
mitigation and adaptation. Before the year 2000, more than 50% of greenhouse
gas emissions in Vietnam were attributable to agriculture and land-use change.
At the same time, Vietnam is considered as one of the countries in the world
that is most vulnerable to climate change. Flooding and extreme weather events
are expected to impose substantial risks to agricultural production, in particular
in the two major delta regions (Red River Delta and Mekong River Delta), where
most paddy rice areas are located.

To address these issues, decision makers in Vietnam need to be aware
about the complex and uncertain relationships between global and local drivers
of land-use change and take a forward look when formulating food security and
climate change mitigation and adaptation policies. This study presents an inno-
vative modelling approach to visualise future land-use change patterns under dif-
ferent scenarios. The results can be used to evaluate policies such as the Green
Growth and REDD strategies that are currently being developed and implemented.
The same approach can also be applied to guide food security and climate
change policies in other countries.

L.C. van Staalduinen MSc
Managing Director LEI Wageningen UR
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S.1

Key findings

Socio-economic development

All three scenarios - Business As Usual, High Economic Growth and High
Climate Impact - find that Vietnam will go through a process of profound
structural transformation between 2010 and 2030. The economy will be-
come increasingly oriented towards services and manufacturing while the
agricultural sector will become less important. Despite the declining relative
importance of agriculture in the economy, the sector is still growing and
Vietnam remains one of the main global exporters of rice in the world in
2030 (see Chapter 5).

Land-Use Change

Economic development and structural changes will lead to considerable
change in land use under each of the three scenarios. Production forest land
and built-up land will expand at the expense of paddy rice area, non-
production forest, and shrub land (see Section 6.1). Future land-use maps
reveal that the land-use changes are not distributed evenly over the country;
most of the urban growth is concentrated in the Red River Delta and Mekong
River Delta. The growth of production forest area mainly will take place in
the North Central Coast, Central Highlands and South Central Coast regions
(see Section 6.2 and Section 6.3).

Food Security

In Vietnam's major rice producing areas, the Red River Delta and the Mekong
River Delta, large areas of paddy rice disappear under each of the three
scenarios due to the expansion of built-up land, particularly in the Red River
Delta (see Section 6.2). However, the available land for paddy rice in 2030
is still slightly larger than the 3.8 million hectares of rice land that is man-
dated by the Resolution on National Food Security (No. 63/NQ-CP). The
study found serious discrepancies between several official sources of land-
use data in Vietnam (see Paragraph 2.2.2 and Box 2.2). It is doubtful if the
paddy rice land target will still be met if alternative sources of data are used
which generally assume a smaller paddy rice area than has been assumed in
this study.




- Climate Change
Climate change has a negative effect on economic growth in Vietnam, in par-
ticular in the agricultural sector and the rest of the world. In addition to eco-
nomic development, flooding induced by climate change poses a serious
threat to rice production in Vietnam. In particular, the paddy rice fields in the
low-lying Mekong River Delta and, to a lesser extent, the Red River Delta are
susceptible to floods. This results in a risk to domestic food production and
international rice trade (see Section 7.1). To meet the national food security
target, policies are needed that safeguard the paddy areas for the risk of
flooding. The foreseen decline in paddy rice area is expected to result in
fewer greenhouse gas emissions. More research is needed to provide a de-
tailed picture of total future greenhouse gas emissions in Vietnam (see Sec-
tion 7.2).

Figure S.1 Land use in 2007 and 2030, BAU scenario

BAU scenario 2030
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S.2

$.3

Complementary findings

Scenario analysis and models can be a very powerful tool to assess the trade-
offs between policy options, but they remain a simplification of a complex reali-
ty, and outcomes rely on the coverage and quality of available data. Key areas
for improvement are the Vietnamese land-cover and land-use maps, which exhib-
it a number of inconsistencies. In particular, there is a need to develop one con-
sistent classification system that harmonises the different sources of spatial
data in Vietnam (see Paragraph 2.2.2 and Box 2.2).

Methodology

The aim of this study is to provide insights into causes and consequences of fu-
ture land-use change in Vietnam and how this relates to climate change, devel-
opment and food security in the country. The main research questions this study
addresses are:

1. What is the impact of socio-economic development on land use and land-
use change for the period 2010-2030 using different scenarios, including
climate change?

2. What is the spatial pattern of land-use change in Vietnam?

3. What are the implications for food security and greenhouse gas emissions?

This study uses a novel global-to-local approach that combines an economic
(CGE) model with a spatially explicit land-use model to capture change at the
global, national and landscape level under alternative futures.



Samenvatting

S.1

Veranderingen in landgebruik, voedselveiligheid en klimaat-

verandering in Vietnam; een aanpak volgens het model
‘globaal-naar-lokaal’

Belangrijkste uitkomsten

Sociaaleconomische ontwikkeling

Uit alle drie de scenario's - '‘Business As Usual', 'High Economic Growth' en
‘High Climate Impact' - blijkt dat Vietnam tussen 2010 en 2030 een proces
van verregaande structurele transformatie zal ondergaan. De economie zal
in toenemende mate gericht zijn op dienstverlening en industrie, terwijl de
landbouwsector steeds minder belangrijk zal worden. Ondanks het afnemen-
de relatieve belang van landbouw voor de economie, groeit deze sector
nog altijd en blijft Vietnam ook in 2030 wereldwijd een van de belangrijkste
exporteurs van rijst.

Veranderingen in landgebruik

Economische ontwikkelingen en structurele veranderingen zullen leiden tot
grote veranderingen in landgebruik volgens alle drie de scenario's. Productie-
bossen en bebouwde grond nemen in oppervlakte toe ten koste van padie-
velden, niet-productiebossen en struiken. Kaarten van het toekomstige
landgebruik laten zien dat de veranderingen in landgebruik niet gelijkmatig
over het land verdeeld zijn; de stedelijke groei concentreert zich in de Rode
Rivier-delta en de Mekong-delta. Het aantal productiebossen neemt hoofdza-
kelijk toe langs de noordelijke centrale kust, in de centrale hooglanden en in
de zuidelijke centrale kustregio's.

Voedselveiligheid

In de grote rijstproducerende gebieden van Vietnam - de Rode Rivier-delta en
de Mekong-delta - verdwijnen volgens de drie scenario's grote hoeveelhe-
den padievelden vanwege de toenemende bebouwing, met name in de Rode
Rivier-delta. De hoeveelheid land die in 2030 nog beschikbaar zal zijn voor
padievelden is echter nog steeds iets meer dan de 3,8 miljoen hectare rijst-
land die verplicht is krachtens de Resolutie over Nationale Voedselveiligheid
(nr. 63/NQ-CP). De studie legde grote discrepanties bloot tussen verschil-
lende officiéle gegevensbronnen over het landgebruik in Vietnam. Het is niet
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zeker of ook nog wordt voldaan aan de verplichte omvang van padievelden
als er alternatieve gegevensbronnen worden gebruikt, die over het algemeen
uitgaan van minder padievelden dan waar in deze studie van uit is gegaan.
Klimaatverandering

Klimaatverandering heeft een negatief effect op de economische groei in
Vietnam, met name in de landbouwsector, en de rest van de wereld. Naast
de economische ontwikkeling vormen ook overstromingen als gevolg van
klimaatverandering een serieuze bedreiging voor de productie van rijst in
Vietnam. Met name de padievelden in de laagliggende Mekong-delta en in
mindere mate de Rode Rivier-delta zijn kwetsbaar als het gaat om overstro-
mingen. En dat betekent een risico voor de binnenlandse voedselproductie
en de internationale rijsthandel. Om te voldoen aan de target voor de natio-
nale voedselveiligheid moeten de padievelden beleidsmatig worden be-
schermd tegen het risico van overstroming. De voorspelde afname van
padievelden zal naar verwachting leiden tot een lagere uitstoot van broei-
kasgassen. Er is meer onderzoek nodig om een gedetailleerd beeld te
schetsen van de toekomstige uitstoot van broeikasgassen in Vietnam.

Figuur S.1 Landgebruik in 2007 en 2030, BAU-scenario
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S.2

S.3

Overige uitkomsten

Scenarioanalyses en -modellen kunnen een zeer krachtig hulpmiddel zijn om de
trade-offs tussen beleidsopties te beoordelen, maar ze blijven een vereenvou-
digde weergave van een complexe realiteit en de uitkomsten zijn afhankelijk van
de hoeveelheid beschikbare data en de kwaliteit daarvan. De belangrijkste ver-
beterpunten zijn de kaarten van de landbedekking en het landgebruik in Vietnam,
die een aantal inconsistenties vertonen. In het bijzonder is er de noodzaak om
één consistent classificatiesysteem te ontwikkelen dat de verschillende bronnen
van ruimtelijke gegevens in Vietnam harmoniseert.

Methode

Het doel van deze studie is inzicht te krijgen in de oorzaken en gevolgen van het

toekomstige landgebruik in Vietnam en op welke manier dit verband houdt met

klimaatverandering, economische ontwikkeling en voedselveiligheid in het land.

De belangrijkste onderzoeksvragen voor deze studie zijn:

1. Wat is de impact van sociaal-economische ontwikkeling op landgebruik en
veranderingen in landgebruik voor de periode 2010-2030 volgens verschil-
lende scenario's, inclusief klimaatverandering?

2. Wat is het ruimtelijke patroon van de veranderingen in landgebruik in Vietnam?

3. Wat zijn de implicaties voor de voedselveiligheid en de uitstoot van broeikas-
gassen?

Deze studie maakt gebruik van een nieuwe aanpak, 'globaal-naar-lokaal’, die
een economisch model (CGE) combineert met een ruimtelijk expliciet model
voor landgebruik dat veranderingen inzichtelijk maakt op wereldwijd, nationaal
en landschapsniveau op basis van verschillende toekomsten.
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Thay déi str dung dat, an ninh lwong thwc va bién dbi khi
hau tai Viet Nam: Tiép can lap mo hinh t toan cau
t&l cuc bo

Cac két qua chinh

Phét trién kinh t8-x3 hoi.

Ca ba kich ban - Phat trién Binh Thwong |, Tang trwéng Kinh t& Cao va Tac
dong Khi hau Cao - déu thay rang Viét Nam sé di theo mét qua trinh chuyén
dbi co cau sau rong ttr nam 2010 dén nam 2030.Nén kinh té ngay cang
tré nén hwéng tdi cac dich vu va san xuat trong khi linh vec nong nghiép
tré nén it quan trong hon. M&c du suy gidm tdm quan trong twong dbi cta
nong nghiép trong nén kinh té, nganh nay van tang trwéng va Viet Nam van
la mot trong nhirng nha xuét khau gao chinh trén thé gisi toi ndm 2030
(xem Chuwong 5).

Thay d6/ Str dung Pat.

Phat trién kinh t& va nhiing thay déi co cau sé dan dén sw thay ddi dang
ké trong str dung déat theo tirng kich ban. D4t rirng san xuét va dat xay
dwng s& mé rong trén dat Ida, rivng phi san xuat va dat cay lum bui (xem
doan 6.1). Cac ban dé st dung @t trong twong lai cho thay nhirng thay
déi stv dung dat khong phan bb déng déu trén toan quéc; hau hét sw tang
trwdng @6 thi déu tap trung tai Dong bang Séng Hong va Béng bang Song
Ctru Long. S gia tang dién tich rieng san xuat sé cha yéu dién ra & ving
Duyén hai Bac Trung bo, Tay Nguyén va Duyén hai Nam Trung bd (xem
doan 6.2 va 6.3).

An ninh leong thec.

Trong cac ving san xuét lia cha yéu caa Viet Nam, Béng bang Song Héng
va Bdng bang Song Ctru Long, dién tich trdng lua len bién méat theo tieng
kich ban trong sé ba kich ban do viec mé rong dat xay dwng, dic biét 1a &
DBSH (xem phan 6.2). Tuy nhién, dién tich 4t c6 sén cho lua t¢i nam 2030
van con I&n hon mét chit so véi dién tich 3.8 trieu ha dat da dwoc quy
dinh theo Nghi quyét v& An ninh Lwong thwe Quéc gia (S. 63/NQ-CP).



Nghién ctru nay cho that sw khac biét nghiém trong gitba mot sé ngudn sé
liéu chinh there vé str dung dat tai Viet Nam (xem doan 2.2.2 va Hop 2). Co
mot sw nghi ngd la liéu rang muc tiéu dat lua van sé van duwoc dap ing
néu nhw cac nguén sé liéu khac dwoc st dung cd gia dinh chung la dién
tich lta nhé hon nhw da dwoc gia dinh trong nghién ctru nay.

Bién déi Khi hau.

Bién ddi khi hau c6 nhirng tac dong tiéu cwe toi tang trudng kinh té tai Vit
Nam, d3c biét t&i nganh ndng nghiép va nhiing noi khac trén thé gioi.
Ngoai phat trién kinh té, Ia lut gay ra do bién di khi hau ciing cé de doa
nghiém trong t&i san xuét lua tai Viét Nam. D&c biét cac canh déng lda gao
& vung dat thap & Béng bang Song Ctru Long, va & quy md nhd hon, Béng
bang Séng Hong, dang dé bi |G lut. Diéu nay dan dén mét nguy co déi voi
san xuat lwong thwe trong nwéc va thwong mai lia gao quéc té (xem doan
7.1). Bé dap tng muc tiéu an ninh lwong thwe qudc gia, can cé céc chinh
sach bao vé vung dét lda co nguy co bi I lut. Sw suy giam dw kién trong
dién tich d4t Iua dw kién sé dan dén phat thai khi gay hiéu tng nha kinh it
hon. Can c6 nghién cteu sau hon dé dwa ra mét buec tranh chi tiét vé tong
lwong phat thai khi gay hiéu wng nha kinh trong twong lai & Viét Nam (xem
doan 7.2).

Phat hién bd sung

Phan tich kich ban va cac mé hinh c6 thé 13 mét cong cu dic lwe dé danh gia
sw can bang (trade-offs) gitra cac lwa chon chinh sach, ching 1a qué trinh don
gian hoa mot thwe thé phiec tap, va cac két qua (outcomes) dwa vao mere do
bao pht va chat lwong cia sé liéu s&n cd. Mét linh vwe can cai thién do la cac
ban d6 tham pha va st dung dat caa Viét Nam, b&i ching thé hién nhiéu sy
khong déng nhat. Dac biét, can xay dung mét hé théng phan loai dong nhét
dé hai hoa cac ngudn khac nhau vé sé lieu khong gian & Viét Nam (xem doan
2.2.2 va Hop 2).

Phwong phap luan

Muc dich ca nghién cteu nay 1a cung cép nhitng hiéu biét tét hon vé nguyén
nhan va hau qua cuda sy thay déi trong twong lai st dung dét tai Vit Nam va

didu nay lién quan nhw thé nao dén bién ddi khi hau, phat trién va an ninh lwong o1

thwe trong nwéc. Cac van dé nghién cieu chinh ma nghién cdu nay nhdm téi:
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(1) Téac dong cha phat trién kinh té - xa hoi toi st dung dat va thay ddi str
dung dét trong giai doan 2010-2030 bang céach st dung céac kich ban
khac nhau bao gdm ca bién déi khi hau la nhirng tac déng gi?

(2) M6 hinh khong gian cuta thay dbi str dung dat tai Viét Nam la mé hinh gi?

(3) Tac dong dbi vai an ninh lwong thwe va phat thai khi gay hiéu ¢ng nha
kinh la nhirng tac dong gi?

Nghién ctru nay st dung mot phwong phap tiép can mai la tte cap toan cau
dén cép vung do 1a két hop mot mo hinh kinh t& (M6 hinh Can bang Téng thé
hay CGE) v&i mot mé hinh s&v dung dat rd rang vé mat khong gian dé ndm bat
sw thay ddi & c&p do toan cau, quéc gia va cip canh quan theo cac kich ban
khac nhau



Introduction

1.1

Context

Land plays a crucial role in the development process of Vietnam. Not only does
the agricultural land using sector in Vietnam account for a substantial share of
GDP (21% including forestry and fisheries), a large part of the Vietnamese popu-
lation (71%) resides in rural areas, mostly consisting of poor and small-scale
farmers involved in the production of paddy rice, making agriculture a key sec-
tor regarding poverty reduction and food security.' Although Vietnam is the
second largest exporter of rice, food security is a concern since many rural
households are net buyers of food. Vietham experienced one of the fastest in-
creases in food prices in early 2008, and, consequently, has been classified as
one of the hunger hot spots in Asia and the Pacific.?

Land use by agriculture and forestry sectors and changes in land use pat-
terns over time also play a crucial role in climate change mitigation and adapta-
tion. Climate change concerns have risen recently since Vietnam has enjoyed
a very rapid GDP growth, averaging 6 to 8% over the last decade, resulting in
an exponential increase in greenhouse gas (GHG) emissions. For 2000, total
emissions in Vietnam were reported to equal 151 million tonnes of GHG in car-
bon dioxide equivalent (CO,e), of which 53% was attributable to agriculture and
land-use change, of which in turn over half was accounted for by rice (MONRE,
2010). Whilst Vietnam's GHG emission is relatively low in the global context, it is
expected to continue to grow rapidly and will likely triple by 2030 unless signifi-
cant mitigation options are undertaken. Vietnam is considered to be a high-risk
country in the context of climate change because of its delta structure and the
long coastline that is sensitive to flooding and extreme weather events. This
makes the rural population increasingly vulnerable in terms of poverty and food
security.’

! See hitp://www.fao.org/countries/55528,/en/vnm) for more key facts on Vietnam's agricultural
sector and food security situation [Accessed July 29, 2012].

2 See http://www.foodsecurityportal.org/Vietnam for more key facts on food security in Vietnam
[Accessed July 29, 2012].

®For more information on climate change and food security in Vietnam see
http://www.unescap.org/LDCCU/Meetings/HighLevel-RPD-food-fuel-crisis/Paper-Presentations/C2-
FoodSecurity/VietNam-FoodSecurity. pdf.
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The Vietnam government has demonstrated its commitment to combat cli-
mate change by signing Decision 3119/QD-BNN-KHCH in December 2011
which confirms the country's commitment to increase agricultural production by
20% and reduce emissions and poverty by 20% by 2020. The Vietnamese gov-
ernment is currently also in the process of drafting a Green Growth strategy and
completed the final approval of the Reducing Emissions from Deforestation and
Forest Degradation (REDD) programme document, which is now in the inception
and implementation phase.’

Land use patterns in Vietnam are expected to change dramatically over time
as a consequence of several global and local processes that interact at various
scales and domains. Next to climate change, key global drivers that will affect
land use in Vietnam are technological change, population growth and interna-
tional trade. At the national and local level, spatial policies that ensure the safe-
guarding of areas with rich biodiversity will have important consequences for
land use, as well as climate adaptation and mitigation strategies (i.e. REDD), ex-
pansion of urban and industrial zones and food security policies such as a man-
datory allocation of land for the production of paddy rice.

The interplay between global and local drivers is complex and uncertain,
which makes it difficult to predict their impact on the economy, landscapes, ru-
ral livelihoods and the environment. To formulate pro-active policies and identify
challenges and opportunities, decision-makers need information about potential
land use and other, economic, outcomes in different situations as well as in-
sights into the underlying dynamics, potential trade-offs and the potential impact
of policies. A popular approach to assess the future of complex systems and
identify policy alternatives is to implement scenario analyses using models or a
combination of models. A study of globalto-ocal land use impacts possesses
challenges as an integrative assessment is needed at different scales: (1) the
globalto-national scale examining the interplay between macro-economic fac-
tors, population growth and climate change, and (2) the national-toHocal scale
which demands a spatial analysis at a higher detail level.

! For more information on the UN-REDD programme in Vietnam, see http://www.un-
redd.org/UNREDDProgramme/CountryActions/VietNam/tabid/1025/language/en-US/Default.aspx
[Accessed July 29, 2012].
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1.2

1.3

Objective of the study and main research questions

The aim of this study is to provide better insights into the future development of
land-use change in Viethnam and analyse how this relates to climate change and
food security in Vietnam. Main research questions that will be addressed are:
What is the impact of socio-economic development on land use and land-use
change for the period 2010-2030 under alternative futures, including climate
change?
What is the spatial pattern of land-use change in Vietnam?
What are the implications for food security and GHG emissions?

Approach

This study applies an innovative assessment method which integrates a global
macro-economic Computable General Equilibrium (CGE) model with a 'local' spa-
tial land use allocation model to analyse future land use patterns in Vietnam un-
der various scenarios. It adds to the existing CGE studies on Vietnam that have
generally focused on the economic impacts of trade liberalisation, with a few
focusing on the environment and natural resources (World Bank, 2010; Coxhead
and Van Chan, 2011). These studies, however, use a single economic modelling
approach and are therefore unable to derive impacts on land-scape-evel land-
use changes and are missing out potentially important feedback effects (e.g.
areas that become more vulnerable to climate change are likely to become less
food secure). Similarly, the national scope of these studies misses out im-
portant global effects (e.g. via the channel of trade). Our study also contributes
to existing modelling studies in terms of improving country data for Vietnam,
most notably data and projections for land use and improved modelling of the
land market. A final contribution lies in the participatory approach through which
the scenarios carried out in this study have been formulated. Specifically two
workshops were held which informed the model set up, data used and construc-
tion of the scenarios to be analysed. The results of this exercise are therefore
particularly useful to inform policies concerning economic growth, food security,
climate change, REDD, land use, green growth and climate smart agriculture in
Vietnam.
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1.4

The globaltolocal model combination is used to implement three scenarios

for the period 2010-2030:

1. Baseline scenario, reflecting '‘Business As Usual' (BAU), simulates an eco-
nomic growth path for Vietnam and the rest of the world assuming no im-
plementation of new policies;

2. High Climate Impact (HCI) scenario, which reveals the consequences of cli-
mate change on Vietnam's economy and land use (modelled primarily
through yields);

3. High Economic Growth (HEG) scenario, which implements the growth target
incorporated in the Socio-Economic Development Strategy (SEDS, 2010)
of Vietnam and yield targets of Vietnam's Agricultural Development Plan
(NIAPP, 2011).

Structure of the report

This report is organised as follows. Chapter 2 presents the methodological
approach of the study, including a description of the models and data used.
Chapter 3 summarises the global and local drivers of land use followed by a
discussion of the three scenarios that have been formulated in Chapter 4. Chap-
ters 5 and 6 present the results of the scenario analysis for socio-economic and
landscape development, respectively. Chapter 7 analyses the impact of climate
change, in particularly looking at flooding and emissions. Chapter 8 summarises
and discusses the results of the previous chapters along four themes: socio-
economic development, land-use change, climate change and food security

in the context of Vietnam. Finally, Chapter 9 presents conclusions and policy
implications.



2 Methodology anddata

2.1

Scenario development and model framework

The methodology used in this study is designed to quantify the impact of both
global and national drivers and policies on land use in Vietnam up to 2030 using
a number of scenarios. It builds upon the innovative work of Van Meijl et al.
(2006) and Verburg et al. (2006; 2007) to model land-use dynamics in Europe
under various scenarios. This study presents the first application to a develop-
ing country. Figure 2.1 presents the overall methodology.

To explore future trends and dynamics, the development of scenarios is very
useful to address possible uncertainties and enable policy analysis. Scenario
analysis is commonly used in environmental impact assessment studies which
need to take into account the complex and uncertain interplay between climatic,
economic, technological and political factors (Alcamo, 2008a). In such a setting
simple projections only based on historical trends are of limited use. Scenarios
are not equal to forecasts, which give only the most likely future. Instead, sce-
narios are storylines with a coherent set of assumptions that together describe
potential but plausible futures. They are a tool to help thinking how the future
might unfold, given certain assumptions and guide the formulation of policies
that are contingent on future expectations. There are several scenario typolo-
gies available that can be characterised by different facets (Borjeson et al.,
2006; Westhoek et al., 2006): e.g. exploratory versus policy-oriented; participa-
tory versus desktop and qualitative versus quantitative. For this study the choice
was made to use a combination of approaches, namely: (1) to put uncertainty
central, in the form of climate change impacts; (2) to focus on policy options for
the Vietnamese government including most important policy plans; and (3) to
have a strong participative approach including most important Vietnamese
stakeholders. As part of such a participative approach, two workshops were or-
ganised to discuss assumptions, define and refine the scenarios and model set
up, and discuss available data for the analysis.'

1 The first 'scoping’ workshop was held in Hanoi, 12-13 October 2011, and focused on the

formulation of scenarios to be analysed, the modelling assumptions and improving the land-use data.

The second 'scenario’ workshop was held in Hanoi, 22 March 2012, and focused on discussion of

preliminary results and further refinement of the scenarios. 27



Box 2.1 Global CGE models and the assessment of climate change,
food security and land use
MAGNET/GTAP belong to the class of global computable general equilibrium models.
The main advantage of CGE models is their ability to simulate the interaction of all sectors
(i.e. agriculture, manufacturing and services). Hence they capture the impact of non-
agricultural sectors on agriculture, something which is not possible with partial equilibrium
models that only cover one or a limited number of markets. In a CGE model it is assumed
that all markets are in 'equilibrium’, meaning that demand is equal to supply throughout the
(global) economy. Markets are cleared by means of a price movement - a price increase
in the case of excess demand and a price decrease in case of excess supply. Global CGE
models are specifically designed to simulate the interaction and interdependence of multiple
economies by combining relationships between actors and markets within the economy with
actors and markets in other economies via bilateral trade. This cannot be done with single
economy CGE models that reflect the structure of one country.

Global CGE models such as GTAP and MAGNET have been used extensively to model
trade liberalisation in in the context of various WTO negotiation rounds. However, recently
they are increasingly applied to assess the economic impact of major global issues such as
climate change, transition to bio-fuels, food security and land use. The models are often
combined with scenario analysis to undertake counterfactual analysis (e.g. 'what if' questions)
or deal with long-run uncertainties by using a set of exploratory scenarios. Prominent
examples of this approach are the analysis of the European biofuel directive on indirect land-
use change (ILUC) and the impact of climate change on food security under the
Intergovernmental Panel on Climate Change Special Report on Emissions Scenarios (SRES).

Source: Hertel (1997), Francois and Reinert (1997), Parry et al. (2004) and Banse et al. (2011),
https://www.gtap.agecon.purdue.edu/ [Accessed April 7, 2012].

The second step in the approach is the application of models to quantify the
scenarios. No single model is able to capture the impact of global and local
drivers of land-use change. For this reason, two models are combined: the
global economic model MAGNET and the spatially explicit land use allocation
model CLUE.

MAGNET (Modular Applied GeNeral Equilibrium Tool) is a computable general
equilibrium (CGE) model based on the Global Trade Analysis Project (GTAP)
model that is widely used by national governments and international institutions
to simulate the impact of trade policies, climate change and land use issues on
global economic development. MAGNET has been expanded relative to the
standard GTAP model by adding a more sophisticated specification of the land
market. The model has been applied to analyse the medium and long-run effects
of global and EU agricultural, trade, land, and biofuels policies (Francois et al.,
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2005; Van Meijl et al., 2006; Banse et al., 2008). Box 2.1 provides more infor-
mation on GTAP and MAGNET.

In this study, MAGNET will be used to isolate the effects global socio-economic
drivers on the Vietnamese economy and the associated demand for land by agri-
cultural sectors towards 2030. The most important inputs for the model are
global demographic, macro-economic and technological developments (includ-
ing yields) but also assumptions on trade policy and food consumption patterns.
The model also takes into account the relations between the manufacturing,
services and agricultural sectors that indirectly affect the demand for land in an
economy. At the same time it also captures the impact of Vietnamese economic
development on other countries, for instance, by means of changes in imports
and exports. Appendix 1 provides detailed information on the structure and as-
sumptions of MAGNET. The main output of the model is a set of important eco-
nomic indicators that describe the development of the Vietnamese economy for
the period 2010-2030 and the interaction with other countries. These indicators
cover structural change, sectoral growth, employment, prices and trade.

In line with the expectations on economic growth and development, MAGNET
also determines the need for land. However, as the lowest level of aggregation
is the country or regional level, MAGNET is not able to show spatial dynamics of
land-use change such as, the emergence of new urban clusters, the specific
conversion of one land class into another (e.g. the conversion of natural forest
into agricultural land) and the location of specific types of land, such as pro-
tected parks. Precisely this type of information is essential for the assessment
of climate change on food security (for instance the vulnerability of paddy rice
areas to flooding) and the formulation of rural development and biodiversity pol-
icies. Furthermore, CGE models like MAGNET only provide information on eco-
nomic activities and the resulting demand for agricultural land. They do not
directly assess the impact of economic development on non-agricultural land
such as natural forest, built-up land, and shrub land, which is the combined re-
sult of spatial policies (protected areas, land use targets and infrastructure),
natural succession and pressure from the expansion of agricultural and produc-
tion forest land.

CLUE, or the Conversion of Land Use change and its Effects model (Verburg
et al., 2002), is linked to the MAGNET model to downscale the aggregate land-
use information at the level of Vietnam (national level) from MAGNET to the land-
scape (local) level with a resolution of 1 by 1 km. The CLUE model is frequently
applied to study land-use dynamics at the regional and national level, and has
been implemented in several studies, including in Vietnam (Verburg, Overmars,
et al., 2006; Castella et al., 2007). CLUE allocates future land-use change by
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combining spatial and non-spatial data on the bio-geophysical and human drivers
of agricultural land use with current land-use maps and incorporating assump-
tions on land-use conversion and spatial policies. At the spatially disaggregated
level, location characteristics such as the type of soil, slope and proximity of in-
frastructure and populated areas, are important drivers of land use and land-use
change. By statistically linking GIS data on location characteristics with current
land use, CLUE is able to identify the most suitable location for different types of
land-use classes (see Appendix 1 for detailed information). In this study seven
different land-use classes are identified (Table 2.1). Land use scenarios are
quantified into land-use change demand tables and used as input to simulate fu-
ture land use for each scenario. Probability ('suitability') maps can be generated
by the model for each land use type showing a suitability distribution that will be
used to determine future allocation. Part of the scenario information on aggre-
gated land-use change is derived from MAGNET, such as the expected change
of paddy rice and production forest land. The future demand for built-up land is
based on additional information sources with projections on population growth
and urbanisation. For all land classes assumptions are made about the expan-
sion or contraction over time and the time it takes to convert one land class into
another. For some land-use classes land conversion can be achieved within a
short time frame (e.g. from natural forest to crop land), while for others this will
be more time consuming (e.g. from pasture to commercial forest) and for yet
others it might be impossible (e.g. from urban land to forest). The CLUE model
provides a future land-use maps per scenario with a resolution of 1 by 1 km for
each year within the period 2008-2030.

Finally, the outcome of the combined model simulations are a number of in-
dicators that can be used to assess the possible impacts of each scenario. In-
dicators include macro-economic figures that reflect changes in socio-economic
drivers such as food price changes, trade and sectoral development in Vietnam
and the rest of the world, as well as output that reflects physical land change it-
self, such as land-use maps. In the following chapters, land-use maps are com-
bined with flood maps and GHG emission data to analyse the impact of climate
change.



2.2

2.2.1

Figure 2.1 Overall representation of the methodology
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MAGNET has been estimated (calibrated) using the most recent GTAP database
version 8, final release. The database contains consistent information on the
economic structure of 129 countries and/or regions for the year 2007." For
each country that database includes data on 57 sectors, trade, tariffs and pro-
tection, taxes, skilled and unskilled labour, capital, natural resources and land
use. For the purpose of this study, the GTAP database has been aggregated in
more manageable categories, namely fifteen regions and twenty-three sectors
(Table 2.1).

Vietnam is specified separately, as are its most important neighbouring
and trading partners. The sectoral division distinguishes twelve agricultural

! Since the base year of the GTAP database is 2007, the model is first projected towards 2010 using
historical information on economic and population growth. In the next step the different scenarios are
simulated up to 2030.
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(land using) sectors available in GTAP at the highest level of detail, including
eight crop sectors, two livestock sectors, two animal produce sectors, a com-
mercial forestry sector' and a fishing sector. Furthermore, six processed food
categories are distinguished, which have strong links with the aforementioned
primary sectors, and aggregate the remaining sectors into lumber industry
(which is the destination of most of the commercial forestry sector's output),
other manufacturing and services categories. The model retains the standard
GTAP specification of five factors of production, including skilled and unskilled
labour, capital, land and natural resources.

Table 2.1

MAGNET

MAGNET countries/regions and sectors and CLUE land

classes

Countries/regions

1 eu27
2 fsu

3 roe

4 nam

5 csa

6  mena

7 ssa
vnm
asean

10 chn

11  kor

EU27

Former Soviet Union
exclusive Baltics
Rest of Europe

North America

Central and South America

Middle East and North
Africa

Sub-Saharan Africa
Vietnam

rest of ASEAN

China (+ Hong Kong,
Taiwan and rest of
East Asia)

South Korea

Sectors
1 pdr
2 wht
3 gro
4 v f
5 osd
6 cb
7 pfb
8 ocr
9 ctl
10 oap
11 rmk

Paddy rice
Wheat

Cereal grains nec

Vegetables, fruit, nuts
Oil seeds

Sugar cane, sugar beet
Plant-based fibres
Other crops

Cattle: sheep, goats,

horses

Animal products nec

Raw milk

CLUE

Land-use classes

1
2

Paddy rice
Other agriculture

Production forest
Non-production
forest

Shrub and
grassland

Built-up land

Other land

! Commercial forestry or productive forestry, as opposed to natural forests, produces an economic
output, timber, using scarce resources, most notably land, for which it competes with the agricultural

sector.



Table 2.1 MAGNET countries/regions and sectors and CLUE land
classes (continued)

MAGNET CLUE
Countries/regions Sectors Land-use classes
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 pcr | 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

2.2.2 Land-use data

The land-use data in MAGNET are derived from the GTAP database, which con-

tains global land-cover data for 2004, prepared by SAGE (Centre for Sustainabil-

ity and the Global Environment). This information has been updated to the base
year 2007 by using the percentage change of harvested land area between
2004-2007 using FAO data. In a second step the land-cover data, which com-
prise seven classes, has been distributed over the twelve agricultural sectors
in GTAP using information on harvested area from FAO, value added data and
additional information from the Dynamic Global Timber market Model (DGTM)
database. Lee et al. (2009) provide more information about the land-cover data-
base and the linking procedures that are used by GTAP.

The land-cover data in the GTAP database is compiled from global sources
and therefore lacks certain detail at the country level (e.g. paddy rice area).
Moreover, it is only available in an aggregate form and therefore cannot directly
be used as input for the landscape analysis with CLUE. For this reason, addi-
tional and spatially disaggregated data were collected to improve the land-use
data for Vietnam. However, a major problem is the inconsistency in the classifi-
cations and methods between the two map sources of land use information: the
Forest Inventory and Planning Institute (FIPI) under the Ministry of Agriculture and
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Rural Development (MARD) and the Ministry of Natural Resources and Environ-
ment (MONRE), which produce on a regular base a land-cover map and a land-
use map respectively (see Box 2.2). The most recent finalised and available FIPI
land-cover map is for the year 2007 while the available MONRE land-use maps
are from 2005 and 2010. A detailed comparison found inconsistencies between
the MONRE digital maps on the one hand, and the FIPI map and the land use
survey data that accompanies the MONRE land-use map, on the other hand." For
this study the FIPI-2007 map is preferred over the MONRE-2005 and 2010
maps because the latter allocate an unrealistically small area to paddy rice, one
of the key agricultural sectors in Vietnam. This choice is strengthened by the
observation that overall the FIPI map is more in line with the MONRE-survey.
Nonetheless, a comparison with population density maps (Appendix 2) also
pointed out a potential problem with the FIPI map. The analysis reveals a mis-
match between the location of the major cities, in particular Hanoi, and that of
built-up land, where one would expect more overlap. All these issues raise ques-
tions about the quality of the land-use maps in general and are reason for con-
cern. This must be taken into account when interpreting the results of the land
use analysis.

A disadvantage of the FIPI map is the limited detail on the agricultural sector
and incomplete information on the use of forest land which might lead to in-
consistencies. The Vietnamese Law on Forest Protection and Development
(No. 29/2004/QH11), distinguishes between three types of forests: Protection
forest, Production forest and Special use forest (i.e. forest in natural parks and
protected areas), which are also used in the land-use classification of MONRE
(see Table 3.4).? The FIPI map only includes information on the types of forests
(e.g. bamboo, coniferous and plantation forest) but not how they are used.

To match the spatial land use information with the MAGNET results a two-
step procedure is applied. First, additional GIS information on protected areas,
collected from a number of external sources, is overlaid with the FIPI map to
identify the Special use forest areas (see Section 3.2.2). Next, the 118 lower
level land classes in the FIPI map are aggregated to seven broad land classes
based on the land class description. There are three agricultural classes, name-

! The research team encountered various versions of the MONRE map. It is possible that the maps
which were eventually compared with the FIPI 2007 still included errors that have been removed in
final' versions.

2 According to the law, Protection forests are mainly used 'to protect water sources and land, prevent
erosion and desertification, restrict natural calamities and regulate climate, thus contributing to
environmental protection'.



ly Paddy rice, Other agriculture and Production forest, and four other land clas-
ses: Non-production forest, Shrub and grassland and Other land (including riv-
ers, canals and streams, swamps, and rock land). Unless otherwise noted, the
so-called Special use forest and other protected areas are not affected by land-
use change and are therefore merged with the Other land class which remains
constant over time. The area for Production forest is derived by summing all
forest types that would normally be used for production purposes. Non-
production forest is defined as the areas with forest that are not classified as
Production forest or Special use forest. Examples of Non production forest are
natural and regenerated forest.

An overview of land-cover and land-use data for Vietnam by source is dis-
played in Table 2.2. To ensure consistency between the global-to-national mod-
elling with MAGNET and the nationalto-local modelling with CLUE, the same map
is also used as a base map for the spatial analysis. In the second step, similar
to the construction of the GTAP database, additional information on harvested
area and value added is used to distribute land cover over the agricultural sub-
sectors. Finally, the GTAP land-cover data for Vietnam is replaced by those de-
rived from the FIPI land-cover map.

Box 2.2 Land-cover and land-use data for Vietnam

For land management purposes, there are two official land-use classifications in Vietnam.
One is mainly used by the General Department of Forestry (GDOF) and Forest Inventory and
Planning Institute (FIPI), both under the Ministry of Agriculture and Rural Development (MARD)
to manage forest resources. The other belongs to the General Department of Land
Administration (GDLA) that is part of the Ministry of Natural Resources (MONRE) and focuses
on land use planning and management. FIPI produces a land-cover map which combines
information from field surveys and remote sensing. GDLA/MONRE does not use remote
sensing information but conducts land-use inventories every five years based on the National
Land Registration System, ground surveys and annual land use statistics to prepare a land
use-map. In line with their objectives, the GDOF classification provides a lot of detail with
respect to types of forestry cover (14 types) while the GDLA classification is more extensive
on broader land use purposes, distinguishing for example between production and protected
forest and various categories for built-up land. Surprisingly, both classifications include a
separate class for paddy rice but do not present information on any other specific crop
except for broad categories such as perennial crops in the case of the GDLA classification.
Both MONRE and MARD have acknowledged the need to create one integrated national land
classification system, but until present progress has been limited.

35



36

2.3

Box 2.2 Land-cover and land-use data for Vietnam (continued)

Table 2.2 presents a comparison between the various sources of land-cover and land-use
data in Vietnam. Roughly, the distribution of major land use groups: agriculture (paddy rice
plus other agriculture), forest (production forest, non-production forest and special use forest)
and other land (shrub and grassland, built-up land and other land) are similar in the Vietnamese
data sources. The GTAP database shows a different pattern as it allocates a relative large
area to (production) forest and a zero share to other land. Differences between the Viet-
namese data sources are mainly caused by differences and contradictions between the GDOF
and GDLA classifications. For this study the FIPI map is selected over the MONRE map as it is
provides more realistic information on paddy rice land and overall is more in line with the
MONRE-survey.

Table 2.2 Comparison of land-cover and land-use sources (%)
Land-use class FIPIlmap MONRE map MONRE survey GTAP
(2007) (2010) (2010) (2007)
Paddy rice 16 7 12 -b)
Other agriculture 16 26 18 28
Production forest 22 18 22 35
Non-production forest 13 16 18 21
Special use forest a) 6 5 6 -c)
Shrub and grassland 19 8 9 14
Built-up land 3 12 8 1
Other land 6 8 6 0
Total 100 100 100 100
Total land area (km?) 332,910 321,231 330,957 332,910

a) Special use forest refers to forest that is located within protected parks and nature reserves; b) Part of other
agriculture; c) Part of Non-production forest. GTAP does not provide information on the non-production forest area.
This has been estimated using information on the total land area from the GDOF digital map.

Source: Hoang et al. (2010), GIS and survey data from MARD and MONRE, GTAP database.

Limitations and challenges

The particular scenario methodology that is adopted for this study resembles
what Alcamo (2008b) has termed the Story And Simulation (SAS) approach,
which combines participatory and analytical methods of scenario building. The
core of the approach is: (1) the development of qualitative 'storylines' that de-
scribe potential futures during a series of workshops and meetings with the ac-



tive involvement of stakeholders and experts, and (2) the quantification of the
storylines with the use of models to make the various pathways explicit by
means of numerical data. The complete procedure also includes several steps
with feedback loops and re-iteration to revise the storylines and model quantifi-
cation and enhance their coupling. For this study, roughly similar steps were
taken and two workshops were organised to inform the scenarios and share
preliminary results. Nonetheless, due to limited resources, the SAS approach
could not be followed in detail.

Alcamo (2008b) highlights the strengths and weaknesses of the SAS ap-
proach. One advantage of the approach is that it leads to the formulation of
scenarios that are relevant to policy and science as stakeholders are given the
opportunity to influence the scenarios and verify the applicability of the models.
For example, one outcome of workshops that were organised as part of this
study was the need to take into account information from SEDS and the Agricul-
tural Development Plan (NIAPP, 2011). Furthermore, detailed information on the
functioning of the land market in Vietnam directly influenced the design of the
models used. The active involvement of policymakers, stakeholders and experts
in the scenario building process also adds to the legitimacy of the scenario ex-
ercise. Finally, the use of state-of-the-art computer models that are often pub-
lished in scientific literature combined with expert knowledge offers a
consistency check on the scenario narratives and enhances the credibility of the
analysis.

A serious problem in the SAS approach is the translation of qualitative
knowledge into quantitative knowledge and back again. Scenario storylines con-
sist of rich narratives or even diagrams and pictures that describe a complex
system of global and local drivers and usually do not contain numerical infor-
mation. To quantify this information in such a form that it can be fed into the
models requires considerable abstraction and sometimes bold assumptions that
are not easy to make and, perhaps, are not always transparent. For example,
due to the nature of the economic model it is not possible to assess all chan-
nels through which climate change affects the economy, such as the impact of
extreme weather events (e.g. typhoons and storms) and an increase of livestock
deaths as a consequence of heat stress. Also the modelling of the forestry sec-
tor and the demand for forest land can be improved by collecting better spatial
data on forest land and taking into account the age structure and rotation peri-
od of production forest and plantations (Sohngen et al., 2009).
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Finally, a limitation of the methodology is the top-down linking of the econom-
ic (MAGNET) and spatial land use (CLUE) model. It is likely that the expansion of
crop and commercial forestry land will result in lower (average) yields because
less fertile (shrub) land is taken into production. Furthermore, land-use change
and potential deforestation might contribute to climate change through emis-
sions, in turn affecting yields. With the current model set-up, these feedback
loops cannot be taken into account.’

! Large integrated assessment models, such as the IMAGE model of the Netherlands Environmental
Assessment Agency that has been used for the Millennium Ecosystem Assessment (Carpenter et al.,
2005), are better able to capture the interaction between climate change and land-use change.
However, this type of model operates at a much coarser scale and therefore is less suited for
national and local analyses.



3 Global and local drivers of landuse
in Vietnam

Land-use change is a complex phenomenon that directly and indirectly is influ-
enced by multiple socio-economic and bio-physical driving forces that operate
over different scales. There are several ways to classify drivers of land use.
First, some drivers, such as demographics and location characteristics (e.g.
slope, soil quality and weather) operate largely independently of policy making,
while others, such as climate change and technical change, policy has an im-
pact but mainly in the long term (10-20 years horizon). It is common practice to
treat these drivers as exogenous and use projections as input to the model
analysis. They can be distinguished from policy instruments such as agricultural
policy (e.g. price and income support to farmers), trade policy (e.g. tariffs and
quotas guided by international trade agreements) and environmental and spatial
policy (e.g. establishment of protected park, urban areas and industrial zones),
which have an intermediate or medium term effect (5-10 year horizon). Second,
one can use scale (e.g. global, national and landscape) to classify drivers of
land-use change.

In line with the modelling framework and the objective of this project to ana-
lyse land-use change in Vietnam, the second classification is used in the remain-
der of this report. The list of main global and local drivers of land use is based
on similar studies that analysed land-use dynamics in Europe (Nowicki et al.,
2006; Van Meijl et al., 2006; Verburg et al., 2007). This chapter briefly reviews
historical trends and existing policies of these driving forces with a focus on
Vietnam. The next chapter discusses the assumptions for each of these driving
forces as part of the various scenarios that are simulated.

3.1 Global land-use drivers and trends
3.1.1 Population growth
According to the United Nations, the world population is expected to reach
9.3 billion by the middle of the century (United Nations, 2011). To feed all these

people, the FAO (Bruinsma, 2011) has estimated that overall food production
needs to be increased by at least 70% over the period 2005-2050. Recently, 39
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Tilman et al. (2011) looked in detail at the per capita demand for crops meas-
ured as caloric or protein content of all crops combined and even revised this
figure upwards to 100-110%.

Figure 3.1 depicts historical trends for population growth for selected re-
gions as well as Vietnam for the period 1961-2010 and the most recent dec-
ade. With around 2-2.5%, population growth has been the highest in low/middle-
income regions (Latin America and the Caribbean, Middle East and North Africa,
South Asia and Sub-Saharan Africa) also including Vietnam, while growth has
been around 0.5-1.5 in the high income regions (East Asia and Pacific, Europe-
an Union and North America). In all regions, population growth has been slowing
over the last decade. The decrease was particularly pronounced in Vietham
where population growth decreased from an average of 1.8% in 1961-2010 to
1.2% in 2000-2010. Except for Sub-Saharan Africa, the downward trend in pop-
ulation growth is expected to continue between 2010 and 2030 in all regions.

Figure 3.1 Population growth, 1961-2010
3

2.5

2

1.5 1

1 A

Annual growth (%)

0.5 1

O p
East Asia & Pacific  Latin America & North America  Sub-Saharan Africa
Caribbean

m1961-2010 w=2000-2010

Source: World Bank (2012).

3.1.2 Macro-economic growth

In addition to population growth, macro-economic growth is another key driving
force of demand for agricultural production and resulting land-use change. The
development process is characterised by a rise in income, changing diets, and
a process of structural transformation from agriculture towards manufacturing



and services, which together result in a greater demand for food, feed, fuel and
fibre. In addition, the recent awareness that the supply of fossil fuels is limited
has led to an increasing global demand for feedstock, mainly maize and sugar
cane, to produce biofuels.

Figure 3.2 shows figures for historical trends of GDP growth. Global eco-
nomic growth has been unequally distributed between regions of the last five
decades. High- and middle-income regions such as the European Union, North
America and Latin America and the Caribbean have experienced relative low
rates of growth rate of around 3 to 5%, while developing regions have achieved
rates in the region of 5%. Only Sub-Saharan Africa has lagged behind with a
growth rate of 3.5%. Vietnam is among the fastest growth countries in the world
with a GDP growth of near 7%. The process of catching up has been even more
evident in the past ten years, during which rich countries have experienced a
slump in economic growth, partly caused by the financial crisis, and in particular
South Asia (including Vietnam) and Sub-Saharan Africa have accelerated eco-
nomic development. The economic growth pattern for the coming 30 years is
expected to be similar to in the past decade. Rich economies will grow much
slower than emerging economies, in particular India, China and Vietnam, but al-
so Sub-Saharan Africa, which will reach growth rates of 4.5% to 7.5% (see Fig-
ure 4.1 below).

Figure 3.2 GDP growth, 1960-2010
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3.1.3

Consumer food preferences

Urbanisation and rising incomes worldwide are accompanied by changing die-
tary patterns, also called the nutrition transition. Specifically, diets are observed
to change towards increased intake of high energy-dense and low nutrient-dense
foods (e.g. fried foods or fast food) that are high in fat and sugars but low in
vitamins, minerals, and other micronutrients. This transition is accompanied by
a trend towards decreased physical activity due to the increasingly sedentary
nature of jobs, changing forms of transportation, and increasing urbanisation.
The nutrition transition has given rise to a shift in the disease pattern from infec-
tious to chronic diseases, not only in developed countries but increasingly so in
developing countries, entailing high human suffering and high cost to society.
Table 3.1 shows trends in the consumption of meat, projected up to 2050.

Table 3.1 Meat consumption (kg/person/year) by region, 2000-2050

Region 2000 2050
Central and West Asia and North Africa 20 33
East and South Asia and the Pacific 29 51
Latin America and the Caribbean 58 77
North America and Europe 83 89
Sub-Saharan Africa 11 22

Source: Rosegrant and Thornton (2008).
Yield growth

An increase in yield, measured in tonnes per hectare, is essential to fulfil the in-
creasing demand for food, feed, fuel and fibre that is spurred by population
growth, macro-economic growth and change in consumer preferences. Table
3.2 shows the average annual yield growth of various crops between 1961 and
2010 for selected regions. The selected crops are representative for the eight
agricultural crop sectors that are analysed by the CGE model (see Table 2.1).
They include the principal cereals that dominate human diets (rice, wheat and
maize) and important feedstock for biofuels (maize and sugar cane). For almost
all regions and crops, yield has been increasing over time but considerable dif-
ferences remain across countries. Vietnam has achieved high yield growth
rates, in particular for rice, the main staple and export crop, but also for maize,
sugar cane and cotton. Agricultural productivity growth only accelerated in the
1980s as a consequence of the market reforms, decollectivisation and liberali-



sation in the 1980s that were part of the Doi Moi process (Pingali and Xuan,
1992). Overall, developing countries experienced a sharp increase in yield
growth during the Green Revolution period of the late 1960s, but exhibit a de-
cline from the mid-1980s to the most recent decade. There is evidence of a
gradual slowdown in yield growth for most crops in both developed and develop-
ing countries (Fischer et al., 2009), also confirmed by the lower figures for most
regions and crops for the period 2000-2010. This trend is expected to continue
in the future due to decreasing availability of arable land and constraints in
reaching attainable yields in each country and agro-ecological zone. On average,
global annual yield growth for major crops in the future is expected to be half
the historical rate of 1.7% (2.1% for developing countries) to 0.8% (0.9% for de-
veloping countries) for the period 2005,/07-2050 (Bruinsma, 2011).

Table 3.2 Average annual yield growth (%), various crops, 1961-2010
Paddy rice Wheat Maize Potatoes
1961- 2000- 1961- 2000- 1961- 2000- 1961- 2000-
2010 2010 2010 2010 2010 2010 2010 2010

Africa 1.09 0.98 320 356 233 146 1.06 222
Asia 1.83 1.21 2.92 1.09 3.05 259 1.20  1.06
European Union 0.93 0.93 247 098 3.05 346 1.62 1.36
Northern 1.50 0.77 2.05 1.65 2.85 1.42 1.43 0.45
America

Oceania 3.66  7.58 6.71 946 299 165 2.04 1.67

South America 209 232 290 389 29 479 173 156
South-Eastern 1.97 158 6.25 551 310 408 251 1.31
Asia

Vietnam 231 242 - - 326 49 075 034

Note: The crops are representative of the eight agricultural crop in the CGE model: Paddy rice; Wheat; Cereal
grains nec; Vegetables, fruit, nuts; Oil seeds; Sugar cane, sugar beet; Plant-based fibres and Other crops nec
(see Table 2.1); Due to limited production yield data are missing for some regions and time-period combinations.
Source: FAO (2012).
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Table 3.2

Average annual yield growth (%), various crops, 1961-2010

(continued)

Paddy rice Wheat Maize Potatoes
1961- 2000- 1961- 2000- 1961- 2000- 1961- 2000-
2010 2010 2010 2010 2010 2010 2010 2010
Soybeans Sugar cane Seed cotton Roots and

Tubers, nec

1961- 2000-  1961- 2000- 1961- 2000- 1961- 2000-
2010 2010 2010 2010 2010 2010 2010 2010

Africa 3.17 266 0.16 -1.37 1.33  0.63 254 367
Asia 1.96 0.77 0.76 043 324 305 093 049
European Union 6.14  3.02 161 -1.19 239 -1.37 214 -045
Northern 1.67 171 -0.53 -1.80 1.87 218

America

Oceania 536 2.53 0.95 -1.11 10.07 199 026 0.38

South America 255 298 1.02 146 318 363 082 270
South-Eastern 157 143 0.14 1.77 1.86 107 079 0.78
Asia

Vietnam 2.82 2.60 1.47 1.39 6.74 4.37

Note: The crops are representative for the eight agricultural crop sectors in the CGE model: Paddy rice; Wheat;
Cereal grains nec; Vegetables, fruit, nuts; Oil seeds; Sugar cane, sugar beet; Plant-based fibres and Other crops
nec (see Table 2.1); Due to limited production yield data is missing for some regions and time-period combinations.
Source: FAO (2012).

3.1.5 Climate change

Climate change will have a substantial impact on future food and crop produc-
tion (Easterling et al., 2007; Nelson et al., 2010), in turn affecting land use. At
the same time, land-use change, in particularly deforestation, will result in the
emission of greenhouse gasses and is therefore regarded as one of the major
causes of climate change. This study mainly deals with the former effect, albeit
that its outcomes might be used to estimate the contribution of land use, land-
use change and forestry (LULUCF) to climate change. Changes in temperature
and rainfall will impact on agricultural productivity, resulting in a change in the
demand and use of land. Sea-level rise will affect land use along the coast and
the increase of extreme weather events, pests and diseases might force farm-
ers to reallocate or change crops. There is evidence that Vietnam will also be
seriously affected by climate change. According to Vietnam's official scenario
for climate change, published by MONRE (2009), the annual average tempera-
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3.2.1

ture in the country will increase by 2.3 C° by 2100. Over the same period, av-
erage rainfall will increase by 5.8% (Table 3.3). The study also points out that
extreme weather events, such as typhoons and cold surges, occurred more
frequently and with higher intensity in the past and are expected to do so in the
future. Finally, Vietnam is very vulnerable to sea-level rise due to its long coast-
line and delta structure. Dasgupta et al. (2009) find that Vietnam is among the
countries most heavily affected by the consequences of sea-level rise. The
country ranks first in terms of impact on population, GDP, urban extent, and
wetland areas, and ranks second in terms of impact on land area (behind the
Bahamas) and agriculture (behind Egypt).

Table 3.3 Impact of climate change in Vietham, 2020-2100

2020 2060 2100
Annual average temperature change relative to 1980-99 (C°) 0.4 1.4 2.3
Annual average rainfall change relative to 1980-99 (%) 1.2 3.7 5.8
Seaevel rise (cm) 12 37 75

Note: Unweighted average of seven Vietnamese regions for the medium (B2) scenario.
Source: MONRE (2009).

Trade policy

Trade policy can have major consequences on economic growth, in turn influ-
encing the direct and indirect demand for land (Van Meijl et al., 2006; Laborde,
2011). In this study, the impact of trade policy is not addressed. It is assumed
that no new multilateral or bilateral trade agreements will be signed and tariffs
and non-trade measures will not change after 2007, the last year for which
trade information is available in the GTAP database.

Local land-use drivers and trends
Historical patterns of land-use change

The economic model endogenously determines the demand for land by each of
the agricultural (land using) sectors. However, information on historical land use
patterns is required to model the total supply of land that is available for future
agricultural production. Data on past land use trends are also useful to place the
model results on future land use into perspective. Table 3.4 presents land-use
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data for Vietnam over the period 2000-2010. The information is taken from
land-use inventories that are organised every five years by the General Depart-
ment of Land Administration (GDLA), part of MONRE (see Box 2.2). The table
presents five main land-use categories: Agricultural land, Forest land, Built-up
land, Other land and Unused land as well as several subcategories that are used
in the GDLA classification. It shows an increase in agricultural land from 96
(29%) to 102 (31%) thousand km?, which is mainly caused by an increase in
perennial crop land. However, at the same time land for paddy rice is decreas-
ing from 45 (13%) to 41 (12%) thousand km?. Land-use change is particularly
pronounced in the Forest land class, where the total land share of production
forest increased by 33% from 116 to 154 thousand km?, which is equal to an
increase from 14% to 22% of the total land in Vietnam. Also the other two forest
classes exhibit a growing land use pattern. The increase in forest area is a rela-
tive recent phenomenon that started around 1995 and has been stimulated by
several large-scale national afforestation and reforestation programmes to pro-
mote forest protection and development. Despite this improvement, it has been
found that the quality of the overall forest is still low. The share of rich and me-
dium forest has been reduced while regenerated and plantation forest increased
(MARD, 2007).

In total 46% of the land in Vietnam is covered by Production, Protection
or Special use forest. Built-up land also increased substantially from 16 (5%) to
27 (8%) thousand km?, reflecting the growth of the urban population (see below)
and a process of economic transformation in which manufacturing and services
are becoming more important.

Growth in agricultural land and, in particular, (Production) forest land has
been at the expense of Unused land, which decreased from 82 to 29 thousand
km?, a reduction from 25% to 9% of total land cover. The table shows a sharp
decrease in the size of both Unused flat land and Unused hill-upland, although
the latter is by far the largest category. The relative small share of Unused land
that remains in 2010 implies that there is limited capacity to expand agricultural
and built-up land in Vietnam unless other land-use classes, such as Protection
and Special use forest, are converted. According to the Agricultural Develop-
ment Plan to 2020 and Vision to 2030 (NIAPP, 2011) not all Unused land is
suitable for expansion due to different soil types and slope. For example the ex-
pansion of paddy rice area is only possible on 10% of the Unused flat land. The
projections on growth of land for agricultural production in the analysis and the
spatial analysis account for the limitation of total available Unused land and loca-
tion-specific conditions (e.g. slope, rainfall and soil quality).



Table 3.4 Land-use data, 2000-2010

Km?2 % %
2000 2005 2010 2000 2005 2010 2000-
2010
Agricultural land 95,700 94,310 101,522 29 28 31 6
Paddy rice 44,678 41,653 41,202 13 13 12 -8
Other annual crops a) 22918 22356 23697 7 7 7 3
Land for cultivation 28104 30455 36,885 8 9 11 31
of perennial crops
Forest land 115,754 146,774 153,665 35 44 46 33
Production forest 47,341 54,349 74,318 14 16 22 57
Protection forest 53982 71,737 57,955 16 22 18 7
Special use forest 14,432 20689 21,392 4 6 6 48
Built-up land 16,091 20,920 26,551 5 6 8 54
Land with rivers, canals 21,493 22,347 20,831 7 7 6 -3
and streams b)
Unused land c) 82,174 46,860 28,744 25 14 9 -65
Unused flat land 7,397 3717 2377 2 1 1 -68
Unused hillupland 73796 43111 26,327 22 13 8 -64
Total land 331,212 331,212 330,957 100 100 100 0

a) Includes other land for agriculture; b) Includes land for aquatic farming; c) Includes Rocky mountain without tree.
Source: MARD.

3.2.2 Protected areas

There are different types of protected areas (ICEM, 2003). MARD is responsible
for the management of Special use forests, which consists of National Parks,
Nature Reserves and Cultural and Historic Sites. In addition, there are also a
number of Marine Protected Areas (under responsibility of MARD), Ramsar Sites,
Man and Biosphere Reserves (both under responsibility of the MONRE and World
Heritage Sites (under responsibility of the Ministry of Culture and Information).
Most of the national protected areas in Vietham are Special-use Forests, which
are mainly comprised of terrestrial but also may include a small number of wet-
land sites and marine areas. Figure 3.3 shows the location of all protected are-
as in Vietnam. The map is compiled on the basis of data from a number of
sources and therefore the classification of the areas differs from that used by
the Vietnamese Ministries. In total 167 areas have been identified.
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An overlay with the FIPI land-use map 2007 reveals that 32,246 km? or al-
most 10% of the total land area is located in protected areas (Table 3.5), of
which 6% are forests and 2% shrub and grassland. Pursuant to the nature of
protected areas the share allocated to productive land (paddy and other agricul-
ture) and built-up land is very small. Given the large size with regard to total land
area, the allocation and treatment of protected areas are an important element
of spatial policy in Vietnam. In two out of the three scenarios, it is assumed that
the size and number of protected areas remains constant and that conversion
of protected forest and shrub and grassland to land for agricultural production
is not possible. In the third scenario it is assumed that the protection of national
parks and nature reserves is completely lifted and all land located in protected
areas can be converted to other land classes such as paddy rice, agriculture,
production forest and built-up land.

Table 3.5 Land-use classes in protected areas, 2007

Land-use class km? share (%)
Paddy rice 1,166 0.4
Other agriculture 2,240 0.7
Protected/Special use forest 19,740 5.9
Shrub and grassland 5,771 1.7
Built-up land 255 0.1
Other land 3,074 0.9
Total protected areas 32,246 9.7
Total land area 332,980 100.0

Source: FIPI map 2007 and Figure 3.3.



Figure 3.3 Protected areas in Vietnam
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3.2.3 Urbanisation

Urbanisation is an important driver of land-use change. As a result of economic
development and modernisation, a growing share of the population is migrating
from the countryside to urban areas. At the same time the population already liv-
ing in urban areas is increasing as well. This results in rapidly growing cities and
the establishment of industrial zones that that encroach on rural land. Already
more than half of the world's population lives in urban areas and this is expected
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to increase to two-thirds in the future (UNDESA, 2012). Not all regions have
reached the 50% level of urbanisation. It is projected that half of the population
of Asia will live in urban areas by 2020, while Africa is likely to reach this level of
urbanisation only in 2035. In Vietnam the share of people living in urban areas is
relatively low in comparison with other Asian countries. In 2010, only 30% of the
total population resided in cities and this is projected to reach more than half af-
ter 2030 (Figure 3.4 and Figure 4.5). The total demand for urban land is a func-
tion of urbanisation and urban density. Studies show that urban density can be
approximated by a bell curve (Klein Goldewijk et al., 2010; OECD, 2012a), ex-
panding up to a certain point and afterwards, with increasing incomes and mo-
bility, decreasing again causing urban sprawl. In Vietnam urban density seems
to have reached its peak around 2000 and is gradually decreasing again.

In Vietnam, the four biggest cities (Da Nang, Ha Noi, Hai Phong and Ho Chi
Minh City) already make up almost 12 million people, who represent 44% of the
whole urban population. Of these cities, Ho Chi Minh City, with more than 6 mil-
lion people, is by far the biggest, though Ha Noi is growing fastest at a pace of
more than 4% per year (UNDESA, 2012). In the coming decades, the smaller
urban centres are expected to grow faster than these four cities.

Figure 3.4 Urban population and urban density in Vietham, 1950-2010
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This chapter discusses the three scenarios that were analysed with the MAGNET-
CLUE model framework to study their impact on land use in Vietnam. A baseline
or Business As Usual (BAU) scenario is used to reflect common expectations on
how the (global) economy will develop with no new policies being implemented.
This scenario acts as a reference to analyse changes in the economy and result-
ing land-use described by two alternative scenarios that pose a number of coun-
terfactual 'what if' questions. First, a High Climate Impact (HCI) scenario that
reveals the consequences of climate change on Vietham's economy and land
use is modelled. Second, a High Economic Growth (HEG) scenario is carried
out, which implements the growth target incorporated in SEDS of Vietnam and
yield targets from the Agricultural Development Plan (NIAPP, 2011) that is linked
to the SEDS." All scenarios cover the period 2010-2030. For each of the sce-
narios, the assumptions on global socio-economic drivers, the main input for
MAGNET, and local land-use drivers, the input for CLUE, are briefly summarised.

The Business As Usual (BAU) scenario

Box 4.1 Business As Usual storyline

The BAU scenario reflects a future in which major socio-economic drivers follow current
trends. It assumes that there are no major policy changes (e.g. WTO agreement, REDD,
biofuels, etc.). Furthermore, yields will keep on increasing at the same pace as in the past.
Climate change is assumed not to have any significant impact on agricultural productivity and
economic growth, and extreme weather events are not an issue.

Global Socio-economic drivers

The BAU scenario in MAGNET is generated using information on the expected
growth path of the economy (GDP) and endowments (capital, labour, land and
natural resources) over time for all countries and/or regions in the world, and
the productivity of these endowments, most notably that of land, i.e. yields.

! The BAU, HCl and HEG scenarios were informed by a scenario building workshop that was held in
Hanoi, October 2011.
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This information is then used to derive the implied technological change by re-
gion, which is subsequently fixed so as to endogenously generate the targeted
GDP. Technological progress is assumed to be labour saving.

For the BAU scenario projections for GDP and population growth are taken
from USDA's Economic Research Service." World economic growth reflects a
movement back towards long-run steady growth following a slowdown as a con-
sequence of the global recession and financial crisis. Specifically, MAGNET as-
sumes that labour supply (skilled and unskilled) follows the growth path for
population and that capital growth equals growth in GDP. The latter assumption
is consistent with the stylised fact of economic growth that the capital-output ra-
tio is roughly constant over time. Natural resources grow at a quarter of the
rate of capital. Land supply growth rates (agriculture and commercial forestry)
for Vietnam are based on historical rates of agricultural land expansion, drawn
from GDLA land use survey (2000-2010). For the rest of the world, data are
employed from Willenbockel (2011), who surveys the literature on future land-
use change. Land productivity (i.e. yield) projections are included from the
Dutch Environmental Assessment Agency (PBL), drawn from its IMAGE (Integrat-
ed Model to Assess the Global Environment) model and based upon FAO projec-
tions up to 2030 (Bruinsma, 2003). The baseline assumptions are displayed in
Figure 4.1 and Figure 4.2 for the period 2010-2030.

! Available from http://www.ers.usda.gov/data/macroeconomics/#BaselineMacroTables [Accessed
May 14, 2012]. Data have originally been prepared by the US Census Bureau, which are an
alternative to the United Nations World Population Prospects. Both sources provide similar trends but
to maintain consistency with the GDP figures, the US Census Bureau projection is preferred here.


http://www.ers.usda.gov/data/macroeconomics/#BaselineMacroTables

Figure 4.1 GDP, population and land supply growth assumptions for BAU
scenario, 2010-2030
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Figure 4.2 Yield assumptions for BAU scenario, 2010-2030
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As shown, Vietnam is expected to realise high economic growth, averaging

6.6% per year over the coming two decades, which is the third highest growth
rate in the world after China (7.6%) and India (6.9%). Population growth is declin-
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ing across the world, though Sub-Saharan Africa lags somewhat behind with a
population growth of 2.2% per year over the period 2010-2030. Over this peri-
od, Vietnam's population is growing at a rate of 0.8% per year, lower than the
rest of ASEAN, India and Rest of South Asia, but higher than in China (one child
policy), Japan (which experiences negative population growth and an ageing
population due to low birth rates) and South Korea. Land supply available for
use in agriculture and commercial forestry in Vietnam is growing at a rate of
0.3% per year over the coming two decades. This is higher than the growth rate
of land recorded elsewhere in the Southeast Asia region, and only lower than
the Africa region (0.4 to 0.9%) and Central and South America (0.7%). The ex-
pected growth in agricultural land supply is based on historic trends, which
show a considerable expansion of plantation forest over the last two decades as
well as an increase in perennial crop area at the expense of unused land.
Growth in paddy rice yields, cereal grains, sugar cane, plant based fibres and
other crops is projected to be higher than in the rest of the world for the period
2010-2030. This is in line with the analysis of historical yield growth patterns in
Section 0, which shows a high (relative) productivity for the same crops over the
last decade.

Local land-use drivers

For the spatial analysis with CLUE in the BAU scenario, land use projections for
paddy rice, other agriculture and production forest are taken from MAGNET.
The growth of built-up land change is dependent on a combination of two fac-
tors. Projections for urban population in Vietnam are taken from the World Ur-
banisation Prospects (UNDESA, 2012) and is based on the proportion of the
population living in urban areas. This is combined with projections on urban
density (persons per m?) from the History Database of the Global Environment
(HYDE), version 3.1 (Klein Goldewijk et al., 2010). It is assumed that the land
required for industrial areas, ports and military purposes growths proportionally
to urban land. The increasing demand for agricultural land and built-up land will
be at the expense of non-production forest, and shrub and grassland. Other
land, which also includes protected areas, is not affected by pressures for more
land and therefore remains constant.



4.2 High Climate Impact (HCI) scenario

Box 4.2 High Climate Impact storyline

The HCI scenario reflects a global future with rapid temperature change, high sensitivity of
crops to global warming, and a CO, fertilisation effect at the lower end of published
estimates. In Vietnam, extreme weather events will be more frequent resulting in flooding in
the coastal areas and the Mekong River Delta. Lower yields and flood risks pose a threat
to agricultural production and food security, and are expected to have a negative impact
on GDP growth. No policies are implemented to mitigate or adapt to climate change.

4.2.1 Global socio-economic drivers

In the HCI scenario it is assumed that climate change will have a major and neg-
ative effect on global agricultural productivity. The annual growth in crop yields
will be lower than in the BAU for Vietnam and the rest of the world. No efforts
are undertaken to mitigate the impact of climate change and farmers do not in-
vest in new technologies or production methods (e.g. drought tolerant crop va-
rieties or irrigation) to adapt to climate change. Furthermore it is assumed that
the impact of climate change is mainly transmitted through a negative effect on
yields because of changes in temperature, precipitation and hydrology. The
scenario does not account for the effect of extreme weather events such as
pests, diseases and typhoons on agricultural performance.

Following the approach of Hertel et al. (2010), a literature review is con-
ducted to collect information on the impact of climate change on future crop
yield in Vietnam that will be used as input for economic modelling. Table 4.1
summarises the results expressed as a yield shock with regard to a no-climate
change baseline. Yield figures are estimated by means of crop models or econ-
ometric approaches under a wide variety of emission and climate change sce-
narios. Most studies have analysed the impact of climate change on rice and
maize yields, while there are only limited findings for other crops. The table
shows a broad range of estimates, ranging from -23% in the most pessimistic
scenario to 28% in the most optimistic scenario for rice, while yield figures for
maize range between -19% and 4%. The large differences across studies and
between pessimistic and optimistic scenarios illustrate the high level of uncer-
tainty that is associated with estimating the impact of climate change on agricul-
tural productivity as well as differences in approach and time period covered.

The table presents a range of possible outcomes of which the extreme val-
ues can be regarded as the 5" and 95" percentile values in a distribution of po-
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tential yield impacts.' For the HCI scenario, the most pessimistic yield shock for
each crop from is implemented to simulate the potential (maximum) impact of
climate change on economic development and land use in Vietnam.? Zhu (2010;
also see Yu et al., 2010) presents the most detailed study, covering most
crops, and provides the most extreme values. This is probably caused by the
methodology which involves a standard crop model and a hydro-crop model to
simulate potential yields under baseline and climate change scenarios. Hence, it
captures both the effect of climate change on rainfed and irrigated land. The lat-
ter is particularly relevant in Vietnam where rice production is largely irrigated.
For the Rest of the world, data are taken from Hertel et al. (2010). Figure 4.3
shows the yield shock for Vietnam and the Rest of the World expressed as per-
centage points (pp)® relative to the BAU scenario. It reveals that Vietnam is par-
ticularly negatively affected by climate change; with the exception of wheat
(not grown) and other grains, yield growth is at least 0.3pp per year lower in
Vietnam compared to the rest of the world. Relative to the baseline, the yield
growth assumptions are scaled downwards, generating a new growth path for
the Vietnamese economy, with a different land use pattern.

! Note that the studies in the table often present the impact of climate change on yield for a number
of scenarios. Only the most extreme values are presented here. They do not necessarily relate to
the same scenario.

%In order to use the yield shock figures from the literature, annual growth rates were calculated and
rescaled to match the period that is used in the analysis (2010-2030).

3Defined as the arithmetic difference between two percentages.



Table 4.1 Climate change impact on yields in Vietham
Commodity Yield change (%) Horizon Source
relative to baseline
pessimistic  optimistic

Rice -10.27 1.7 2000-2030 Lobell et al. (2008)
0.21 2.34  2000-2050 Iglesias and Rosenzweig (2009)

-12.5 -1.7 1990-2050 ADB (2009)

-14.2 27.7  2000-2050 Mainuddin et al. (2011) a)

-23.55 419  2000-2030 Zhu et al. (2010)

0.4 2.3 2000-2050 Masutomi et al. (2009)

Maize 5.8 -3.77  2000-2050 | lIglesias and Rosenzweig (2009)
-6.4 7.2 1990-2050 ADB (2009)

-18.89 4.38  2000-2030 Zhu et al. (2010)

Cassava -19.81 4.34  2000-2030 Zhu et al. (2010)
Sugar cane -18.93 4.23  2000-2030 Zhu et al. (2010)
Coffee -18.95 3.61  2000-2030 Zhu et al. (2010)
Vegetables -20.83 5.33  2000-2030 Zhu et al. (2010)

a) Mekong River Delta estimations.
Source: See table.

Figure 4.3 HCI scenario - change in yields, difference from BAU
scenario, 2010-2030

—_— 0 T
§ 0.1 A
$ 021
‘§ 03 |
2 04
® 05
s

S 06
o

g 0.7 1
g 0.8 1
< 09

Paddy rice  Wheat Cereal Vegetables, Oil seeds  Sugar Plantbased Other
grains nec fruit, nuts cane, fibers crops
sugar beet
mVietnam ®Rest of the world

Source: Zhu (2010) for Vietnam, Hertel et al. (2010) for the rest of the world.
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4.2.2 Local land-use drivers

4.3

431

The assumptions on land-use drivers for the HCI scenario are the same as in the
BAU scenario.

High Economic Growth (HEG) scenario

Box 4.3 High Economic Growth storyline

In the HEG scenario the Vietnamese economy is projected to grow at a higher pace, in line
with Vietnamese official growth targets as described by the SEDS (see Box 4.4). A main
driver of this growth is assumed to be growth in agricultural yields for which the projections
also follow Vietnamese official targets, and technological change in the manufacturing, and
to a lesser extent, service sector. Climate change is assumed to be absent. The rest of the
world is assumed to grow at the same pace.

Global socio-economic drivers

Under this scenario the Vietnamese economy is assumed to obtain a higher
growth path, of 8% per year over the period 2010 to 2030. This is in line with
the high end of the growth target of 7% to 8% formulated in the SEDS 2011-
2020 (Van Chinh, 2011). With this high economic growth, the Vietnamese gov-
ernment aims to achieve a GDP per capita of USD3,000 in 2020. Combining
GDP figures under this scenario with population estimates from USDA's ERS re-
veals that this target will not be met in 2020 (GDP per capita is then expected
to be around USD1,800) but somewhere around 2028 assuming 8% GDP
growth. A main driver of the high economic growth is assumed to be growth in
yields (Figure 4.4) but also technological change in the manufacturing sector,
and to a lesser extent, the service sector (in line with the distribution of produc-
tivity growth over sectors in the baseline). Yield figures are taken from the Agri-
cultural Development Plan (NIAPP, 2011) that presents detailed land use
planning for the period 2010-2020 in line with the SEDS. As shown, yields par-
ticularly grow faster in vegetables and fruits (4pp) additional growth per year
relative to the baseline) and other grains (2.5pp extra growth per year), followed
by oil seeds (2pp additional growth per year).



Figure 4.4 HEG scenario - change in yields, difference from BAU
scenario, 2010-2030
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Source: NIAPP (2011).

4.3.2 Local land-use drivers

As before, land-use change for paddy rice, other agriculture and production for-
est is calculated by MAGNET. Similar to the BAU and the HCI scenario, built-up
land is a function of the number of people living in urban areas and urban densi-
ty measured by the number of persons per km?. In line with the SEDS and relat-
ed national land use plans (Van Chinh, 2011), it is assumed that 45% of the total
population is living in urban areas in 2020 and this reaches 55% in 2030. In ad-
dition, as a consequence of a rise in welfare with the demand for larger houses
and increased mobility, urban density will be lower in the HEG than in the BAU.
Figure 4.5 shows the difference in urbanisation between the BAU and the HEG
scenarios. To fulfil the demand for agricultural and built-up land, non-production
forest, and shrub and grassland are expected to contract. To capture the higher
pressure on land, it is assumed that nature reserves and protected zones are
no longer shielded off from land conversion and can be used for productive
purposes or settlements.
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Box 4.4 SEDS (2011-2020) and Agricultural Development Plan
to 2020 and Vision to 2030

Every ten years the Vietnamese government develops a Socio-Economic Development
Strategy (SEDS), which outlines the long-term development objectives for the country. The
most recent SEDS, which covers the period 2011-2020, has recently been released. The
document is supplemented with the Agricultural Development Plan to 2020 and Vision to
2030, which describes the detailed plans for the agricultural sector, including land use
projections. The overall goal of the SEDS is to turn Vietnam in an industrialised country with in
stable social, political setting where living conditions have substantially been enhanced. Key
economic, cultural and social, and environmental objectives are:
- GDP growth rate of on average 7-8% per year;
- Income per capita will reach about USD3,000;
- The total share of agriculture will be around 15% and that of industry and services 85%;
- Share of agricultural labour will be 30-35%;
- Urbanisation rate will reach 45% (55% in 2030);
- Human development index (HDI) will reach the average high-income group in the world;
- Population growth of 1%;
- Forest cover reaches 45%;
- Access to clean water for most of the population;
- Protection of the environment and improvement of environmental quality, active response

to climate change, control and prevention of natural calamities.

Note: In comparison with the BAU yields do not change for plant-based fibres and other crops.
Source: NIAPP (2011).
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Figure 4.5 Urban population - BAU and HEG scenarios, 2000-2030
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Summary of scenarios

For this study three scenarios are analysed using a combination of a global
macro-economic simulation model (MAGNET) and a landscape-level spatial allo-
cation model (CLUE). Table 4.2 summarises the assumptions for both models
and levels of analysis.
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Table 4.2

Driver

Global socio-economic and local land-use assumptions

per scenario

Business As Usual
(BAU)

Global socio-economic drivers

Demo-
graphics
Macro-
economic
growth

Land supply

Crop yield

Technological
change

Population trends as
observed in the past.
Growth in line with past
trends but taking into
account negative effect
of the global slowdown.
Vietnam: As observed in
the past taking into
account available land.
Rest of the world: Based
on historical trends.
Yield increase as
observed in the past.

Continuous trends in la-
bour saving technological
progress.

Local land-use drivers

Urbanisation

Protected
areas

Continuous trend in
urbanisation.

No change in size and
location of protected
areas. Shielded from
pressure for productive
land.

High Climate Impact  High Economic Growth

(HCI)

Same as BAU.
Negatively affected
due to negative

yield shock.

Same as BAU

Negatively affected
as a consequence
of climate change.

Same as BAU.

Same as BAU.

Same as BAU

(HEG)

Same as BAU.

Vietnam: High growth in
line with the SEDS.

Rest of the world: same
as BAU.

Vietnam: Same as BAU
plus additional land from
protected areas.

Rest of the world: same
as BAU.

High yield growth for
several crops in line with
the Agricultural
Development Plan.

More rapid labour saving
technological change.

High rate of urbanisation
in line with the SEDS.
No longer protected
from land conversion.



5 Sociok .« Devel

This chapter presents potential socio-economic futures for Vietnam that result
from the MAGNET model under the three different scenarios.' First the findings
for the Business As Usual (BAU) scenario are presented, including the impact
on economic structure, land use, employment, food security and trade. In the
next chapter, the findings for the High Climate Impact (HCI) and the High Growth
Impact (HEG) are discussed in comparison with the BAU scenario for each of
these issues.

5.1 Business As Usual

Box 5.1 Summary of Business As Usual scenario outcomes

Vietnam increasingly becomes a service and manufacturing-orientated economy, at a cost

of agriculture and commercial forestry. Especially the paddy rice sector is slowing down,
growing only marginally over the coming two decades. All sectors grow except for the lumber
industry that produces wood products mostly for exports. Overall food security in Vietham
improves, both from domestic and imported sources. The Vietnamese consumption pattern
changes, however, with a rising importance of fish, vegetable oils and fats and other food,
beverage and tobacco products, at a cost of processed rice and vegetables and fruits. Trade
in manufacturing and services continues to rise in prominence and display increasing trends
over time. Despite the declining importance of the paddy rice sector in Vietnam's economy,
Vietnam continues to be one of the main exporters of rice in the world, with exports of
processed rice increasing substantially over the coming two decades, thereby contributing

to global food security and notably that of Sub-Saharan Africa.

In the BAU scenario, the structure of the Vietnamese economy changes into
one more dominated by services (value added share of over 50% in 2030) and
manufacturing, away from agriculture, and most notably crops (Figure 5.1).
Within crops (not shown), most of the fall of the value added share can be at-
tributed to the paddy rice sector (falls from 4.3% to 1.6%) and vegetables, fruits
and nuts (falls from 3.7% to 1.7%). Commercial forestry sector becomes less

! For more detailed information about the model analysis see Rutten et al. (2012). 63
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important (value added share falls from 2.1% to 1.1%) as does its most im-
portant client, the lumber industry producing wood products (value added share
falls from 1.6% to 0.5%).

Figure 5.1 Value added generated in Vietnam by broad economic
sectors, BAU

2010 2030

m Paddy rice m Cereal grains nec
m Vegetables, fruit, nuts m Oil seeds
m Sugar cane, sugar beet m Other crops

m Commercial forestry

Source: MAGNET simulations.

Underlying the changes in the economy are differential growth rates across
economic sectors. Notably, the economic growth that Vietnam records over the
period 2010-2030 primarily takes place in services and other manufacturing.
These sectors show annual growth rates of over 6% (Figure 5.2). Other sectors
also expand but with lower growth rates. Considering the land using sectors,
crop sectors still grow by 1.3% per year, livestock sectors by 4% per year and
commercial forestry by 2.4% per year. Within the crop sector (not shown), es-
pecially paddy rice is slowing down, recording a growth of only 0.5% over the
period 2010-2030. The only contracting sector is the lumber industry producing
wood products, which also experiences a (real) producer price increase of 1.6%
per year. The negative growth is caused by a loss in international competive-
ness (most of the output is destined for the export market) as a consequence of



a price increase in the commercial forestry sector (growth rate of around 6%
per year over 2010-2030), which supplies the majority of raw materials.

Figure 5.2 Annual changes in production and prices, BAU, 2010-2030
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Figure 5.3 Annual change in employment and wages, BAU, 2010-2030
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The observed changes in Vietnamese producer prices are likely to have their
origin in factor markets. Of particular importance for social and economic devel-
opment are the labour market and expected changes in wages. The increased
service and industry orientation of Vietnam generates employment in services
and to a lesser extent manufacturing at a cost of other sectors, most notably
wood products and crops, with employment falling by 6.2% and 3.3% per year
(Figure 5.3). Segmentation between agricultural and non-agricultural labour mar-
kets causes (real) wages in the crops, livestock and forestry sectors to lag be-
hind (increase of 1.3% per year, compared to 5.5% per year in non-agriculture).
The real wage rises explain part of the rise in the (real) producer prices.

Figure 5.4 Land use in Vietham by agricultural and commercial forestry
sectors, BAU

2010 2030

2%

m Paddy rice m Cereal grains nec
m Vegetables, fruit, nuts  mQil seeds

m Sugar cane, sugar beet ® Plant-based fibers
m QOther crops Forestry

m Other land

Note: small data points (with a share <1%) have been removed.
Source: MAGNET simulations.

The structural change in the economy, in particular the development in the
crop and forestry sectors, lead to changes in the demand for land. Figure 1
shows the share of land use for land using sectors and other land classes (e.g.
the sum of non-productive forest, shrub, built-up and other land). Notably, the
share of land used by the commercial forestry sector increases from 24 to 31%



of total land used by the agricultural and commercial forestry sector. This is
mainly achieved at the expense of the land used by paddy rice which decreases
from 15% to 12% but also at the expense of other crop sectors and other (non-
productive) land (Figure 5.4). Chapter 6 provides an in-depth spatial analysis of
total land-use change in Vietnam.

Overall food security, measured in terms of the change in the Vietnamese
consumption of food items (weighted by expenditure shares in the base year),
improves by approximately 4% per year, both from domestic and imported
sources. The average food price, the composite of the consumer (market) pric-
es of all food items consumed (again weighted by their shares in the base year),
in Vietnam falls slightly by 0.8% per year over the period 2010-2030. As shown
in Figure 5.5, the Vietnamese consumption pattern does however change, with
a rising importance of fish (from 12% of the consumption basket in 2010 to
19% in 2030), vegetable oils and fats (from 10%to 13%) and other food, bever-
age and tobacco products (from 33% to 36%), at a cost of processed rice
(share falls from 16% to 8%).

67



68

Figure 5.5 Vietnamese food consumption pattern, BAU
2010 2030
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Note: small data points (with a share <1%) have been removed.
Source: MAGNET simulations.

Figure 5.6 displays the changes occurring in Vietnamese trade in terms of
exports and imports between 2010 and 2030. As shown, most trade continues
to take place in other manufacturing (accounting for 75% to 80% of trade in
2030) and services (7-10% of trade in 2030), with trade in both rising over time.
With respect to the other traded commodities, trade is generally improving, with
the exception of vegetables, fruits and nuts (decline in exports of close to 2%
per year) and wood products from the lumber industry experiencing a fall in ex-
ports of 1.5% per year and a rise in imports of around 5% per year due to de-
creased competitiveness relative to cheaper foreign wood products.

Finally, despite the declining importance of the paddy rice sector in Viet-
nam's economy, Vietnam continues to be one of the main exporters of rice in
the world, with exports of processed rice increasing by close to 4% per year



over the coming two decades (Figure 5.6). Vietnam thereby contributes to glob-
al food security and notably that of Sub-Saharan Africa, which sees its imports
of processed rice from Vietnam increase by around 6% per year over the period
2010-2030. Global food security, or the consumption of food, improves by
1.5% per year over the period 2010-2030, with global food consumption prices
slightly falling (by 0.1% per year over the period 2010-2030.

Figure 5.6 Changes in the Vietnamese trade pattern, BAU, 2010-2030
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Note: categories with trade shares <1% are not shown.
Source: MAGNET simulations.
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5.2 Alternative scenarios

Box 5.2 Summary of High Climate Impact scenario outcomes

Climate change slows down the Vietnamese economy. Whereas the structure of the economy
roughly remains the same, impacts are felt at the sectoral level, where the fall in crop yields
lowers production of crop sectors (notably paddy rice and vegetables and fruits) and increases
their unit costs. The latter is primarily due to increased demand for land by crops, at a cost
of livestock and forestry. This causes livestock and commercial forestry also to contract and
has negative knock-on effects on industries of processed food and wood products.
Employment falls in all sectors, apart from services and commercial forestry, which lowers
wages. Overall food security falls in Vietnam, but generally with substitution towards imported
commodities away from domestic commodities as it is cheaper to consume certain products
from abroad. Exceptions are fish and vegetable oils and fats that actually become cheaper

in Vietnam, with consumption of fish rising. In terms of trade, the lumber industry becomes
less competitive and less is exported of Vietnamese processed rice, including to Sub-Saharan
Africa. Across the globe, climate change is worsening food security.

Box 5.3 Summary of High Economic Growth scenario outcomes

Rising crop yields and higher technical progress bring Vietnam onto a higher growth path. As
a result, the structure of the economy changes in favour of crops (vegetables and fruits), and
the processing food and lumber industry, at a cost of manufacturing and services. All sectors
expand in size nevertheless and producer prices fall, except for commercial forestry, fishing
and services. The fast expanding lumber and food processing industries and services draw in
labour at a cost of employment elsewhere. Market segmentation causes wages to rise faster
in industry and services compared to agriculture. Land used by crop sectors (most notably
vegetables and fruits) falls due to high yield growth to the benefit of mostly livestock sectors.
Overall food security in Vietnam improves as domestic food has become cheaper. Especially
more is consumed of cattle meat, fish, vegetable oils and fats, other food products and
beverages, and vegetables and fruits. Consumption of processed rice becomes less
important, whereas consumption of other food products and beverages becomes relatively
more important. Aimost all sectors become more competitive and export more and import
less, notably vegetables and fruits. Processed rice exports rise to the benefit of Sub-Saharan
Africa and global food security, which slightly improves.



5.2.1 Economic growth and structural change

Due to climate change the Viethamese economy is slowing down by 0.2pp (per-
centage points) per year over the period 2010-2030, from a growth rate of
6.6% per year in the BAU scenario to a growth rate of 6.4% per year on aver-
age in the HCl scenario. This is equivalent to a fall in growth of 11pp in total
over the period 2010-2030. In the HEG scenario, economic growth is fixed at of
8% per year over the period 2010 to 2030 in line with the SEDS.

Figure 5.7 depicts the structure of the Vietnamese economy for each of the
three scenarios, expressed in the share of value added per sector. Climate
change and high growth have limited impact on the structure of the economy.
All scenarios show a pattern of structural change in which services (around
53%) and manufacturing, including processed food (around 35%) are the largest
sectors in the economy, while the share of agriculture decreases (around 11%).

Changes are however visible at the sub-sectoral level. In the HCI scenario
production of all agricultural sectors as well as the food and wood products
sectors is falling and their prices mostly rising (see Table 5.1). Within crops,
paddy rice and vegetables and fruit sectors contract by 0.7pp. The crops sec-
tor also records the biggest (real) price increase of 2.7pp per year in addition to
the BAU increase of 2.8pp per year. This is due to the fall in yields caused by
climate change.

In the HEG scenario, the production pattern that emerges from this scenario
is quite different from the baseline and climate change scenario. All sectors ex-
pand in size, most notably wood products (by 3.3pp per year in addition to the
BAU), and the processed food industry (by 2.5pp in addition to the BAU), with
(real) producer prices falling everywhere compared to the BAU scenario, except
for commercial forestry, fishing and services, which experience small producer
price increases. The crop sector is becoming visibly larger due to higher crop
yields, accounting for a share in the economy of 5.8% in 2030 compared to a
share of 4.9% in 2030 in the BAU scenario (Figure 5.7). Within crops, the vege-
tables and fruits sector is especially growing with a 1.2pp higher share in 2030
compared to the BAU. This benefits processed food industry, which increases
its value added share to 5.6% in 2030 (compared to 4.3% in the BAU scenario).
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Figure 5.7 Structure of Vietnam's economy in 2030 under different
scenarios
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Table 5.1 Production and prices for HCI and HEG scenarios, 2010-2030
Production Real producer price

(difference with BAU in pp.) = (difference with BAU in pp.)

HCI HEG HCI HEG

Crops -0.59 1.70 2.69 -1.30
Livestock -0.44 1.31 1.19 -0.32
Commercial forestry 0.14 0.01 1.33 0.38
Fishing 0.12 0.94 -0.64 0.20
Processed food -0.60 247 0.98 -1.07
Wood products -2.60 3.31 0.84 -0.57
Other manufacturing 0.02 0.89 0.36 -0.03
Services 0.06 0.97 -0.45 0.41

Source: See text.



5.2.2 Employment and wages

In the HCI scenario, in line with sectoral developments, employment in primary
sectors, fishing, processed food and especially wood products falls (by 2.5pp
per year in addition to the BAU), whereas employment in services (and commer-
cial forestry) rises slightly (Table 5.2). This leads to downward pressure on (real)
wages, in the range of 0.6pp to 0.7pp per year compared to the BAU scenario.

Employment is affected very differently across economic sectors in the HEG
scenarios. The expanding lumber industry, processed food and services sectors
draw in labour, at a cost of other sectors, most notably commercial forestry
and fishing sectors, but also crops, livestock and other manufacturing. Given
that the latter sectors increase production there is substitution away from labour
into other factors of production, including land for land using sectors but also
capital and natural resources. Due to market segmentation the observed labour
market developments drives up (real) wages by close to 2pp per year in indus-
try and service sectors, and close to 1pp per year in agricultural sectors, in ad-
dition to the BAU scenario.

Table 5.2 Employment and wages for the HCI and HEG scenarios,
2010-2030
Employment Real wages
(difference with BAU in pp.)  (difference with BAU in pp.)

HCI HEG HCI HEG
Crops 0.23 0.54 0.75 0.87
Livestock -0.36 -0.69 -0.74 0.86
Commercial forestry 0.07 -2.05 0.74 0.87
Fishing -0.17 -1.97 -0.57 1.85
Processed food 0.47 0.62 -0.56 1.81
Wood products -2.49 2.06 0.54 1.81
Other manufacturing -0.03 -0.68 0.57 1.83
Services 0.06 0.27 -0.56 1.83

Source: See text.

5.2.3 Land use

Land-use change pattern in the HCI and the HEG is broadly comparable to that
for the BAU (Figure 5.8) with minor differences at the detailed sectoral level. In
the HCI scenario, only slightly more land is allocated to crops (most notably
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0.5pp to paddy rice, 0.3pp to other grains and 0.2pp to vegetables and fruits),
at a cost of commercial forestry. In the HEG scenario, the land allocation across
sectors remains fairly constant with only the share of other grains falling and
that of paddy rice (by 0.7pp relative to the BAU scenario) and commercial for-
estry (by 0.5pp relative to the BAU scenario) slightly rising.

Figure 5.8 Land-use pattern in Vietnam in 2030 under different
scenarios
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Note: small data points (with a share <1%) have been removed.

5.2.4 Food security

In the HCI, overall food security in Vietnam falls by approximately 0.2pp per year
compared to the BAU scenario due to an increasing food (market) price of on
average 1pp per year, but with a bigger fall in domestic consumption compared
to consumption from imports. Due to domestic price rises it actually becomes
cheaper to consume certain food products from abroad. Exceptions are fish
and vegetable oils and fats, which actually become cheaper in Vietnam relative



to the rest of the world. These changes in the Vietnamese consumption pattern
have little impact on the composition of the consumption basket (Figure 5.9). As
a share of total food consumption in 2030, only slightly more (1pp) is consumed
of the fish sector.

In the HEG scenario overall food security in Vietham improves by approxi-
mately 0.7pp per year compared to the BAU scenario due to a falling food
(market) price by approximately the same amount. There is a substitution away
from imported goods to domestic goods since domestic food products have
become cheaper. This leads to small changes in the Vietnamese consumption
pattern. Specifically, as a share of total food consumption in 2030, less is con-
sumed of processed rice (1pp difference with BAU scenario), to the benefit of
other food products, beverages and tobacco.

Figure 5.9 Vietnamese food consumption pattern in 2030 under different
scenarios
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5.2.5 Trade

Table 5.3 compares the changes in trade for the HCI and the HEG scenarios. In
the HCI scenario exports of wood products decline, whereas imports rise due to
its decreased competitiveness. The Vietnamese commercial forestry's trade
(albeit small) improves despite the fact that this sector is contracting and expe-
riences a price increase, as the price increase on the world market is slightly
higher (0.8pp per year over the period 2010-2030) compared to the BAU and
so it is becoming more competitive compared with the rest of the world. The pro-
cessed rice sector, following the yield decrease in the paddy rice sector, expe-
riences higher unit costs and prices, contracts, and so exports become less
and imports more. Within imports of processed rice there is substitution away
from China and India towards other rice exporting countries. Exports of pro-
cessed rice to Sub-Saharan Africa fall by almost 2pp per year over the period
2010-2030 compared to the BAU scenario. Generally, climate change is detri-
mental for global food security, which deteriorates by close to 0.25pp. per year
over the period 2010-2030 compared to the BAU, with global food consumption
prices rising by 1.4pp.

In the HEG scenario, almost all sectors become more competitive and ex-
port more and import less, most notably vegetable and fruits which exports al-
most 10pp per year more in addition to the BAU scenario over the period 2010-
2030 due to its yield rise. Exceptions are the commercial forestry sector and
the services sector that import more and export less. Processed rice exports
rise by 2.6pp per year in addition to the BAU scenario, also due to higher yields
(and lower costs), to the benefit of Sub-Saharan Africa and global food security
which slightly improves.



Table 5.3
2010-2030

Vegetables, fruit, nuts
Other crops

Commercial forestry
Processed rice

Vegetable oils & fats

Food, bev & tobac prod nec
Wood products

Other manufacturing
Services

HCI
0.22
0.29

-1.41

1.62

-0.02
-0.26

0.17
0.01
0.17

Note: categories with trade shares <1% have been removed.

Change in imports
(volume), difference
with BAU in pp.

HEG

-2.16
-0.10

1.87

-1.97

0.10

-0.07

0.46
0.82
1.81

Imports and exports for the HCI and HEG scenarios,

HCI

-0.87
-0.34

0.72

-1.11

2.96

-1.20
-2.84

0.02
0.10

Change in exports
(volume), difference
with BAU in pp.

HEG
9.71

-0.14
-1.68

2.67
3.97
3.58
3.46
0.67

-1.45

77



6 landscape level outcomes

This chapter presents a spatially explicit analysis of land change in Vietnam for
the period 2007-2030. It uses the CLUE model to construct land-use maps for
Vietnam in 2030 by combining projections for agricultural land-use change pre-
sented in the previous chapter with assumptions on land-use change in other
land-use classes (e.g. non-production forest, shrub, built-up and other land) out-
lined in the scenario chapter. Appendix 1 provides detailed information on the
CLUE model and the procedures used to create the land-use maps.

6.1 Land-use change dynamics

Figure 6.1 and Table 6.1 summarise the results for land-use change by scenario
between 2007 and 2030. The results are very similar for all three scenarios,
with the exception that in the HEG scenario built-up land is assumed to increase
much faster than in the other two scenarios. The production forest area shows
the biggest absolute increase of all land uses, from 22% of the total land area in
2007 to around 31% in 2030 equivalent to a growth of 34-41%, depending on
the scenario. This goes mostly at a cost of various other land classes, mainly
non-production forest (share falls from 19% to 16% (BAU and HCI) and 10%
(HEG)), paddy rice area (share falls from 16% to 12%) and shrub and grassland
areas (share falls from 19% to 15%). Built-up land increases substantially in the
BAU and the HCI scenarios (share increase from 3% to 5%) but most in the HEG
scenario (up to 8%) indicating a high degree of urbanisation. The Other land
class remains constant throughout the period of analysis.
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Figure 6.1 Land use (%) by land class and scenario, 2007-2030
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Note: To make the results of the BAU and the HCI scenarios comparable with the HEG scenario, the Non-production
forest (Special use forest) as well as small tracts of other land classes that are located in the protected areas are
added to the respective categories.

Source: FIPI 2007 map, BAU, HCI and HEG 2030 scenario land-use maps.

Table 6.1 Land-use change by land class and scenario, 2007-2030
2007 2030 - BAU 2030 - HClI 2030 - HEG
Km? Km? | Change Km? Change Km? Change
(%) (%) (%)

Paddy rice 53,462 40,463 24 41,434 22 41,362 -23
Other agriculture = 52,802 50,672 -4 51,775 -2 46,941 -11
Production forest 74,858 102,553 37 100,498 34 105,429 41
Non-production 61,640 54,543 -12 54,543 -12 45,246 27
forest
Shrub and 62,986 50,420 20 50,401 20 50,375 -20
grassland
Built-up areas 8,645 15,742 82 15,742 82 25,039 190
Other land 18,517 18,517 0 18517 0 18517 0
Total 332,910 332,910 0 332,910 0 332,909 0

Note: The Other land class in the BAU and the HCI scenarios also covers protected areas that include, apart from
non-production forest, small tracts of Paddy rice land, Other agriculture and Shrub land. To make the scenarios
comparable with the HEG scenario, these areas are added to the respective categories.

Source: FIPI 2007 map, BAU, HCI and HEG 2030 scenario land-use maps.
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Figure 6.2, left- and right-hand side panel, shows the FIPI land-use map for
2007 and the BAU land-use map for 2030, respectively. Figure 6.3 depicts the
land-use maps in 2030 for the HCI and the HEG scenarios. In line with the sce-
nario assumptions of the BAU and HEG, protected areas are excluded from land
conversion and remain constant over time. In the HEG scenario, these areas are
no longer protected and Special use forest can be cleared for productive use.

By comparing the four maps, a good impression can be obtained of the spa-
tial distribution change across scenarios and over time. As there are only mar-
ginal differences in aggregate land use between the BAU and the HCI scenarios,
the respective land-use maps are near identical. The HEG land use shows the
impact of rapid urbanisation that characterises this scenario. This is better visi-
ble in the regional maps that are discussed in the next section. Differences in
land use are more pronounced over time. The growth of production forest area
mainly takes place in the centre of Vietnam (North Central Coast, Central High-
lands and South Central Coast regions) at the expense of non-production forest
but also shrub and grassland. The conversion pattern is explained by the proba-
bility maps that show the areas that are most suitable allocate production forest
(Appendix 1). Another striking development is the expansion of built-up land in
the Red River Delta and, to a lesser extent, the Mekong River Delta.
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6.2

Land-use change in the Red River Delta and the Mekong River Delta

The Red River Delta and the Mekong River Delta are key economic and agricul-
tural regions in Vietnam. The Mekong River Delta, sometimes referred to as the
'rice bowl' of Vietnam is responsible for about half of total paddy rice in Vietham
with the Red River Delta adding another 15% (IAE, 2011a). The regions are
therefore of crucial importance for domestic food production and rural employ-
ment as well as international rice trade, given that Vietnam is the second largest
exporter of rice in the world. The Red River Delta and the Mekong River Delta are
also core urban and industrial regions which are clustered around the four larg-
est cities in the country, Hanoi and Hai Phong cities in the North, and Ho Chi
Minh and Can Tho cities in the South. Both Delta regions accommodate one
third (about 10 million) of the total national urban population (World Bank, 2011).
For these reasons it is relevant to zoom in on the land-use maps of the Red Riv-
er Delta and the Mekong River Delta (Figure 6.4 and Figure 6.5).

Both regions show a major expansion in built-up land between 2007 and
2030 in line with expected urban population growth in Vietnam and the four
abovementioned cities (UNDESA, 2012). The growth of built-up land in these re-
gions is driven by factors such as the presence of infrastructure, closeness to
populated areas and flat terrain which in conjunction contribute to a high suita-
bility (Appendix 1). The maps coincide with the different patterns of built-up land
growth that characterise the Red River Delta and the Mekong River Delta and
are associated with the specific spatial profiles of Hanoi and Ho Chi Minh City
(World Bank, 2011)." Between 1999 and 2009, the Red River Delta has wit-
nessed a very high pace of industrial activity that led to an expansion of urban
land throughout the region, probably caused by its proximity to massive Chinese
industrial centres. The new industrial areas are predominantly located in subur-
ban areas at a distance of about 70-140 km from Hanoi, not in the city centre
itself. The Mekong River Delta also experienced industrial growth but, in con-
trast to Hanoi, (heavy) manufacturing is located close to (distance of less than
70 km) the centre of Ho Chi Minh City. This leads to different patterns of built-up
land expansion in 2030. In the Red River Delta built-up land growth is dispersed

! The maps also illustrate the potential shortcoming of the FIPI land-use map with respect to the
location of built-up land and in particular the overlap with the geographic position of major cities
(Appendix B). In particular in the case of Hanoi, it seems that all the built-up land is completely spread
around the city but not in the centre itself. Although this is in line with recent urban and industrial
development in the Red River Delta, it is unclear why there is virtually no overlap between built-up land
and the city centre itself.
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while in the Mekong River Delta expansion is heavily concentrated around Ho Chi
Minh City but also in some areas of the Mekong River Delta. This pattern is even
more pronounced in the HEG scenario where the rate of urbanisation is much
higher.

In both regions, large areas of paddy rice disappear due to the expansion of
built-up land. This effect is particularly strong in the Red River Delta and directly
related to the specific development trajectory of Hanoi and surrounding indus-
trial areas. In the HEG scenario, urbanisation also leads to the conversion of
other agricultural lands. In the Red River Delta, agricultural land is lost in the
Northern region, while in the Mekong River Delta, the expanding borders of
Ho Chi Minh City encroach on agricultural areas.



sisjowoliy
08 09 oOF

puey sapo [

puey an ying [

puef qauos pue aseq I
9011 Apped |
amyouge sy [
15910} LONANPO.IA-UON |
158104 uononposg [0
seae payoatord

puaba

0zoL 0

85

'sdew 0LIBUBIS SN pue| 0£0Z DIH PUB NV ‘£00g dew |d4 :994n0S

‘pajoidap Jou si Jsle| ay} ‘sdew asn-pue| [JH PUB (g Y} USSMIS] S0USJSHIP PaYIWI SI 343U} SY :810N

= syued :_.mmcm:o asn pue| Buipnjou|

0£0Z OLEUS2S OFH |

$0LIEURS DIH PUE Ny ‘€00Z PUE £0OZ Ul E}aq oAy Pay ul asn puer

sizWOlIN
0g 09 OoF

pue sawo [

puey dn yng [N

pue| qnayos pue aseg [
Qou fpped [ |
amynouse seyo [
153104 uoponpoucuoy [
150104 uononposg [
sease papoatod [
puabar

0zo} 0

sisjawoly
08 08 Or 0Z0LO

puel 1ou0 [

puej dn yng [

puel qnayos pue sieq [
o011 fpped [
amynoue oo [
350104 uonanposcuon [
15104 uoponpold [
sease papoalold [
puaba

{°9 ain3iy



'sdew 0LBUBDS BSN pue| 0E0Z HIH PUB NV ‘£00Z dew |d]4 :824n0S
"pajoIdap Jou Si Jaye| ay) ‘sdew asn-puel [DH PUe Mg Y} USBMIS] S0UBJBIP PaYILWI| SI 88y} SY 810N

puejsaio[ |

puef dn yng [

pue| qnayos pue aseg [l
ou Apped[ |
aunynause sayo
152104 UORONPOIGUON
153104 uopanpoig L]
sease pajoajoid |

S5E]ELUC| ] — ——
0B 089 OF 020LQ

__mx._wa ul ebueyo asn pue| Buipnjou|

0£0Z OUEUSIS O3H

S0LIEUBDS HIH PUE N ‘€00Z PUB £OOZ U! BIaq oAy Buoxay u asn puer]

puej a0 [

puey dn yng [N

pue| qnuyos pue seq [
ou Apped ||
aimynouse sayyo [
15210} uoponpouc-uon [
352104 uononpoig [0
sease papajoid |

S5]BLLID ] S —
08 089 oF 0ZOL O

0£0Z OliBUE0S MY

puej sopo |

pue| dn [ |

puer qugos pue sreg [
20 Apped ||
aunynouse sayo
152104 uoRoNPOIC-ION
150104 uoponposg [
sease payajold |

5531BL0) 4 I ——
og 09 OF 0ZOLO

=

-nloaw e)|aQ oAy Buoxapy asn _ucm.__

G'9 aundiy

86



87

“dew seale pajoajoid pue dew asn-pue| Og0g OMLUSDS HIH ‘dew /Q0Z Idl4 :92n0S

5010y M —
00r  00E 002 OOLOS O

15810} uoganpoicuou Jo sso [
seale pajosjold [ |
puaban

/0£0Z 0UBUSDS HIH
1s.10) uononpoid uou Jo $so7

=g

5158 0|y I . -
0or 0OE 00E  DOLOS © o~

pue Jap0 [
pue| dn ng [
pue| qnayos pue 2 [
aou Apped [
amynouse a0 [T
35310 uoponpoucuo [
152104 uononposd [N
seae poyooosgd ||

puaba

ouBUL0S ©IH
seale pajoajoud U goz osn pue

=X

51910 W0y M —

oaw

<<

00E  00Z 0O0LOS O

pue Japo [

puel dn Jing [

puel qniyos pue 2seq [
9011 Apped _H_
aumynouse Jauio [
15210 uononpoac-uon [N
15810 uononpoid [T
sease papoatod |

puaba

seale pajosjoud U 0oz @S pue

seaJe psjoajoad ul uonelsa.loyeq

9°9 a.ndiy



88

6.3

Deforestation in protected areas

A specific feature of the HEG scenario is the opening up of National parks, Na-
ture reserves and Wold Heritage sites for commercial logging and agriculture.
This means that so-called Special use forest (i.e. non-production forest in pro-
tected park (see Table 3.4 and Figure 3.3) that is located in these areas will be
negatively affected. In 2007 the total area of Special use forest is 19,740 km?,
decreasing to 10,529 km? in 2030 (Table 6.2). In other words, 47% of Special
use forest will be lost in the HEG scenario due to economic pressure. Figure 6.6
illustrates this using a land-use maps. The maps show that deforestation will
mainly take place in the protected parks that are located in the North Central
Coast, Central Highlands and South Central Coast regions, where expansion of
production forest is largest. The loss of rich, mostly natural forest, will threaten
biodiversity in Vietnam. In addition, deforestation will also contribute to green-
house gas emissions unless it is compensated for by growing new forest to se-
quester carbon or other measures to mitigate climate change.

Table 6.2 Loss of Special use forest in the HEG scenario

Land-use change Km? %
Special use forest area (2007) 19,740 100
Special use forest area (2030) 10,529 53
Loss of Special use forest area (2007-2030) 9,211 47

Source: FIPI 2007 map, HEG scenario 2030 land-use map and protected areas map.
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7.1

Sea-level rise and flooding

Today, 100-200 million people per year are victims of floods, droughts and oth-
er water-related disasters (affected or killed); almost two-thirds are attributed to
floods. The number of people at risk from floods is projected to rise from 1.2
billion today to around 1.6 billion in 2050 (nearly 20% of the world's population).
The economic value of assets at risk is expected to be around USD45 trillion by
2050, a growth of over 340% from 2010. These are the results of the flood
module of the IMAGE model (MNP, 2006). In the flood module, different climate
scenarios can be explored to show which areas are more likely to have a higher
frequency of flooding both due to peak flows of rivers and coastal flooding from
the sea. The impacts can then be expressed in (additional) people and assets at
risk making use of gridded maps of population and GDP. The link to food securi-
ty is made by looking at the agricultural areas at risk for flooding which can
form a threat to food production. This flood module has a global coverage and
is applied to Vietnam further by advanced downscaling techniques.

Figure 7.1 depicts the location of major cities in Southeast Asia as well as
areas with a high risk of being flooded. By combining the resulting future flood
map with spatial data on population and GDP the people and assets at risk are
determined (Van Vuuren et al., 2007; Hilderink et al., 2008). To calculate the
most vulnerable cities the results of population and assets at risk were com-
bined with a world cities map (OECD, 2012b). All cells were ranked from O to 1
based on the absolute number of people at risk (highest risk is ranked as 1) and
the absolute GDP at risk as a proxy for adaptive capacity (lowest GDP is ranked
as 1). Hence, the assumption is made that world cities with a low GDP have only
limited capacity to build the infrastructure such as levees, dikes and sluices,
that are required to resist flooding. Both ranking results were summed. This re-
sulted in a list of cities most vulnerable to floods, i.e. those with a high score on
both the ranking of population and value at risk. Ho Chi Minh City is in the list of
Southeast Asian cities that has a high risk of being flooded.
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Figure 7.1 Cities in Asia most vulnerable to flood risks
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Source: See text.

For Vietnam, flooding does not only form a risk for Ho Chi Minh City, the
whole Mekong River Delta and the Red River. In the Mekong River Delta, there
will not only be an expansion of areas at risk, also the land use intensity in the
Delta is at risk. Figure 7.2 depicts the area and the intensity (depth of the
floods) for 2010 (left panel) and for 2050, estimated by using the ECHAM cli-
mate scenario. An area is under risk of being flooded if it is subject to flooding
once over a 30 period (i.e. 3.33% annual chance).
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The associated population at risk is expected to increase from 55 million in
2010 to almost 70 million (66% of total population) in 2030, under the assump-
tion that there are no adaptation and hydraulic structures remain the same. The
relatively high population growth in the deltas, including Ho Chi Minh City and
Hanoi, is responsible for this increase. The value at risk, expressed in GDP
(2005 USD) shows a much higher increase, from USD150 billion in 2010 to
more than 400 billion in 2030. This is the result from more people being at risk
and thus more assets, but more important a much higher income in 2030. In
these calculations, the income differences between urban and rural populations
have not been taken into account which could even worsen the picture.

The Mekong River Delta is a low-lying region in southern Vietnam. Around half of
the Mekong River Delta is less than 2 m above sea-level, making it vulnerable to
fluvial flooding, storm surges and saline intrusion.

Figure 7.3 People and Value at risk by floods in Vietnam

Population in Vietnam at risk by floods
in Vietnam at risk by floods
Million.
70 Billion USS.

Source: See text.



Figure 7.4 Agricultural and built-up areas with high flood risk in HCI
scenario, 2030
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Source: HCI land-use map and flood map.
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7.2

Table 7.1 Total area and population with high flood risk in HCI scenario,

2030
Land class Total area Area with high flood risk
Km? Km? %
Paddy rice 40,268 22,860 57
Other agriculture 49,535 6,336 12
Built-up area 15,487 5,008 32
Total 105,290 34,204 32

Source: See text.

By combining the land-use map of the HCI scenario and the flood risk map
one can identify the agricultural (paddy rice and other agriculture) and built-up
areas that have a high risk of being submerged with sea-level rise in 2030 (Fig-
ure 7.4 and Source: HCI land use map and flood map Table 7.1). The map
shows that the paddy rice fields in the Mekong River Delta are much more vul-
nerable to flooding than those in the Red River Delta. One the one hand this is
due differences in the flood risk profile between the two regions. On the other
hand, this also has to do with the decrease in paddy rice area in the Red River
Delta, which has been converted to built-up land. In total 22,860 km?, equal to
57% of total paddy rice area in Vietnam faces the risk of being flood. The map
also shows that 6,336 (13%) of Other agricultural area, mainly located along the
East coast but also in the Mekong River Delta, and 5,008 (32%) of built-up land
are potentially affected by floods.

Extreme floods threatens rice production in a number of ways (Wassmann
et al., 2004; Zhu, 2010). During the rainy season, excessive water levels and
prolonged inundation will negative affect the performance of certain rice varie-
ties (Mua and He Thu crops). In addition, it also complicates the double or triple
cropping system because of delays in planting, eventually reducing yields. Dur-
ing the dry season, the main threat is salinity intrusion, which in too high con-
centrations, will adversely affect the winter-spring rice crops (Dong Xuan).

Emissions and climate change mitigation options
Worldwide carbon dioxide (CO,) emissions account for around 75% of all green-

house gas emissions. Most CO, emissions come from energy production,
with fossil fuel combustion responsible for most of the of global CO, emissions.



Today's rapid economic growth is largely dependent on increased use of car-
bon-intensive coalfired power, driven by the existence of large coal reserves
with limited reserves of other energy sources. Methane (CH4) is the second
largest contributor to human-induced global warming, and is 25 times more po-
tent than CO, over a 100-year period. Methane emissions contribute to over
one-third of today's human-induced warming. Cultivating rice fields is an impor-
tant source of methane emissions. Over the last decades, the average annual
emission of methane due to rice cultivation is 1,800 Giga tonnes per year and
is by far the biggest source of methane emission. Another source of CO, emis-
sions are land-use change (mainly deforestation driven by the expansion of agri-
cultural land).

Vietnam's Second National communication to the United Nations Framework
Convention on Climate Change (MONRE, 2010) shows that with 43%, agriculture
accounts for the largest proportion of total greenhouse gasses measured in
CO, equivalent, while LULUCF contributes to 10%. Within agriculture, rice culti-
vation makes up the largest proportion of greenhouse gas emissions (58%).

All figures are for the year 2000, the latest year for which data is available.
The report predicts that greenhouse gasses will almost quadruple up to 2030,
mainly due the growing demand for energy and fuels. Emissions from agricul-
ture will increase with more than 10% while LULUCF is estimated to become

a net sink of CO, emissions as a consequence of continuing afforestation and
reforestation initiatives.

With the combination of models used in this study, it is possible to provide
detailed projections for CO, emissions under different scenarios. The MAGNET/
GTAP model can be linked with a specially designed emissions database to es-
timate carbon emissions for agriculture, manufacturing and services sectors
(Lee, 2002). Greenhouse gas emissions for agriculture, and in particular
LULUCF, depend strongly on bio-physical characteristics of the landscape (e.g.
land class, temperature and soil), management practices and land-use change
dynamics (i.e. conversion of one land class into the other). For this reason, es-
timations can be refined by combining spatially explicit information on above
and below carbon stocks with future land-use maps generated by CLUE. How-
ever it is out of the scope of this study to provide an in-depth carbon emissions
assessment. Instead, some preliminary aggregate results are presented in
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Table 7.2 to illustrate how the results of this study can be used for the analysis
of climate change mitigation options.’

As mentioned above, methane emissions from rice cultivation are a major
source of (agricultural) greenhouse gas emissions in Vietnam. Greenhouse gas
emissions from a given area of rice are determined by a large number of fac-
tors, including cultivation period, soil type, temperature and fertiliser, which are
variable within a country (IPCC, 2006). It has been found that water manage-
ment has a strong effect on emissions, especially methane emissions, and is
therefore of interest as a potential strategy to mitigate climate change.
Wassman et al. (2000) conducted studies on methane emissions under various
management conditions five Asian countries (not including Vietnam) and discov-
ered that intermittent flooding and mid-season drainage resulted in lower emis-
sions than with continuous flooding. These results are also found by similar
studies that are undertaken in Vietnam (Van Trinh et al., 2010; see studies cited
in IAE, 2011a).

Another frequently mentioned approach to reduce methane emissions from
rice cultivation is the System of Rice Intensification (SRI). SRl is a farming sys-
tem aimed at increasing the yield of irrigated rice by changing the management
of plants, soil, water and nutrients. Particular features of SRI are a minimum use
of water and limited application of chemical fertiliser. Although, there is no sys-
tematic evidence, there are reasons to expect that SRI will result in a reduction
of greenhouse gas emissions (SRIRice, 2012). SRI was introduced in Vietnam
around 2003 and spread rapidly thereafter (IAE, 2011b). In October 2011,
MARD reported that there are over a million farmers applying SRI methods, re-
presenting 10% of all rice farmers in Vietnam (SRI-Rice, 2012).% A study to moni-
tor greenhouse gas emissions in Vietnam found that CO, equivalent emissions
decreased on average with 26% in comparison with conventional farming
(IAE, 2011b).

Another source of greenhouse emissions in the rice sector is the burning of
rice residues. In many South Asian countries, including Vietnam, straw and husks
that remain as waste after the harvest are not recycled. Instead they are left in
the open field to dry. Methane and nitrogen are the contributors to global warm-

! At the time of writing of this report IFPRI is undertaking such a project, analysing the impact of
emissions strategies and options for a number of crops and livestock sectors under different
scenarios (de Pinto et al., 2012). It will be interesting to compare their findings with the results of
this study.

2 For more information about the benefits of SRI in Vietnam see Castillo et al. (2012).



ing and climate change. CO, emissions are considered to have a neutral effect
because of its photosynthetic uptake during plant growth (Gadde et al., 2009).!
Regulations to reduce the burning of straw is a potential strategy to reduce
greenhouse gas emissions from agriculture in Vietnam (IAE, 2011b).

Table 7.2 shows the change of GHG emissions from paddy rice between
2007 and 2030 for the BAU scenario and the impact of strategies to mitigate
climate change. When it is assumed that GHG emissions per hectare of rice are
constant over time and space, total emissions expressed in CO,eq are expected
to reduce with 22% because of the decrease in paddy rice area. GHG emissions
can further be decreased by implementing policies to improve the water man-
agement of paddy rice farming and reduce inputs (e.g. SRI). This will contribute
to 4.8-6.7% reduction in CO,eq emissions. Finally, restricting the burning of rice
has the potential to decrease emissions by an additional 3%. These figures are
overestimations since they do not take into account the fact that 10% of the
farmers already use SRI or other agricultural practices with low GHG emissions,
and not all rice straw is burned in Vietnam.

Table 7.2 Options to mitigate GHG emissions from paddy rice,
2007-2030
Mill. tonnes Change in GHGs

CO,eq. mill. tonnes COeq. %
Reauction in GHG emissions (2007-2030)
2007 36.0
2030 (HCI) 27.9
2007-2030 -8.09 -22
Obtions to reduce emissions (2007-2030)
Farm management (SRI and irrigation) 21.0t023.1 48t0-6.7 -11to-17
Reduce rice straw burning 27.0 0.9 3
Total 20.1t022.1 -5.81t0-7.8 -14t0-19

Source: Emissions estimated using paddy rice area for the HCI scenario (Table 5.2) and GHG emission factors
from IPCC (2000), Van Trinh et al. (2010) and IAE (2011b).

! See Nguyen et al. (1994) for an analysis of greenhouse gas emissions from rice straw burning
in Vietnam.
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8.1

8.2

Socio-economic development

All three scenarios find that Vietnam will go through a process of profound
structural transformation in which the economy becomes increasingly oriented
towards services and manufacturing while the agricultural sector becomes less
important. This growth pattern is a continuation of the rapid development that
Vietnam experienced over the last decades and comparable to the experience
of other emerging economies such as South Korea and Taiwan in the 1980s
and the present China (Kim and Nelson, 2000) . Despite the declining relative
importance of agriculture in the economy, the sector still grows and Vietnam
continues to be one of the main exporters of rice in the world in 2030. Climate
change has a negative effect on economic growth in Vietnam, in particular in the
agricultural sector, and the rest of the world. It causes a slowdown in Vietnam-
ese economic growth by 0.2pp per year in comparison with the BAU scenario.
In the HEG, the reverse is observed; all sectors expand in size, especially agri-
culture where technical change results in higher yields. The finding of economy-
wide effects (contraction in the HCI scenario and expansion in the HEG scenario)
demonstrates the importance of input-output linkages between different sectors
in economic growth and international trade. Climate change will both direct and
negative effects on agriculture but also, through price and market linkages af-
fect the development of the manufacturing and services sectors.

Land-use change

The agricultural wide effects of climate change and economic growth result in
very similar (spatial) land-use change patterns between the three scenarios.
One major difference is the assumption of rapid urbanisation that leads to a
substantial expansion of built-up land in the HEG scenario. However, all scenar-
ios show a considerable change in the landscape over time. Structural change
and economic growth is accompanied by an increase in the demand for wood
resources, which causes an expansion in production forest land at the expense
of non-production forest and grass and shrub land. At the same time, changing
diets and an increase in yields leads a decrease of paddy rice land and other



agricultural lands, which are replaced by urban and industrial areas. Future land-
use maps reveal that the land-use changes are not distributed evenly over the
country; most of the urban growth is concentrated in the suburban areas of the
Red River Delta resulting in a substantial decrease in paddy rice area. Also in
the Mekong River Delta expansion of urban land leads to a loss of paddy rice
fields. However, the decrease is much less as most of the growth is concen-
trated around the borders of Ho Chi Minh City. The growth of production forest
area is mainly situated in the North Central Coast, Central Highlands and South
Central Coast regions at the expense of non-production forest but also at the
expense of shrub and grassland. The HEG scenario pointed out that almost

half of the forest in Nature reserves, Ramsar sites and World Heritage sites (i.e.
Special use forest) will be lost if protection is lifted. The expected conversion of
non-production forest to production forest that characterises all scenarios, and
especially the loss of protected forest areas, will have serious consequences
for biodiversity in Vietnam.

More research is needed to improve the modelling of forest dynamics in
CGE models. In this study a three-level Constant Elasticity of Transformation
(CET) function with very low elasticities of transformation is used to model the
demand for agricultural land. The elasticities reflect the difficulty to switch land
between forestry and agriculture (and to a lesser extent between crops and
livestock). Although this is the state-of-the-art in CGE modelling, it remains a
simplification of forest growth and development, which requires a certain
amount of time. Some of the observed price effects (e.g. land price change),
which signify changes in relative scarcity, may therefore seem quite large. Final-
ly, as has been discussed extensively, the research found serious discrepancies
between the two main sources of land-use data and classification systems that
are being used in Vietnam. After careful comparison, it was decided to use the
2007 FIPI land-use map as a baseline for the spatial analysis. However, this map
still lacks detail with respect to certain agricultural land classes and the location
of built-up areas does not completely correspond with other sources. These is-
sues are cause for concern and should be taken into account when looking at
the results of this study.
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8.3

Food security

At the macro-economic level, food security, which is measured as the change in
food consumption, improves in the BAU scenarios as food becomes cheaper.
Similar to other emerging economies growth in income per capita is accompa-
nied by a change in diets from rice to processed foods. These findings are even
more pronounced in the HEG scenario, where food security improves even
more. In both scenarios exports of processed rice to Sub-Saharan Africa ex-
pands substantially, thereby also positively contributing to food security in the
region. In the HCI scenario, food security in Vietnam and the rest of the world
deteriorates due to a rise in food prices. The differences between the scenarios
show that increasing agricultural productivity is essential to combat the negative
impact of climate change on food security. This underscores the need for the
Vietnamese and other governments to boost investment in agricultural R&D and
extension services to improve yields.

As mandated by the Resolution on national food security (No. 63/NQ-CP),
Vietnam must keep at least 3.8 million hectares of rice land to meet domestic
consumption and fulfil export demand in 2020. Despite the substantial decrease
in paddy rice land this target is not jeopardised in any of the three scenarios.
However, it must be noted that the paddy rice area in the 2007 FIPI map is
somewhat larger than the area presented in the statistics published by MARD
which is often used as official reference. Using this statistic and assuming a sim-
ilar contraction in the paddy rice sector, it is doubtful if the target of 3.8 million
ha of rice land will be met. Moreover, the analysis strongly points out that struc-
tural transformation is driving the conversion of paddy rice land into built-up land
that is required for industrial expansion and urbanisation. This process is part of
the economic development process of Vietham and will continue in the future.
Maintaining at least 3.8 million hectare of rice land will therefore require addi-
tional policies measures in the near future. Apart from economic development, it
is shown that climate induced flooding poses a serious threat to rice production
in Vietnam. In particular, the paddy rice fields in the low-lying Mekong River Delta
and, to a lesser extent, the Red River Delta are susceptible to floods, forming a
risk for domestic food consumption and international rice trade.



8.4

Climate change

Climate change is shown to slow down the economy of the country. The nega-
tive effect on yields causes agriculture (in particular crop sectors of paddy rice
and vegetables, fruit and nuts) and associated processed food and wood prod-
uct sectors to contract. Furthermore, an overlay of population density, future
land use and flood maps shows that in particular the Red River Delta and the
Mekong River Delta, both key agricultural and industrial regions in Vietnam, are
threatened by floods, possibly jeopardising around 67% of the total population
and more than USD400 billion in assets. Also up to 32% of built-up land, 47% of
paddy rice areas and 32% of other agricultural land might be affected. These
findings show that Vietnam is highly vulnerable to climate change with respect to
flooding. A case study is presented to assess climate mitigation options for
paddy rice - the largest GHG emitter in the agricultural sector. The contraction in
paddy rice land between 2010 and 2030 will already lead to a 22% decrease in
GHG emissions. A further reduction of between 14% and 19% can be achieved
by improving agricultural practices and restrict the burning of rice straw. The
analysis can be improved by combining the future land-use maps with spatially
explicit GHG conversion factors.
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Socio-economic development, land use, climate change and food security are all
inter-connected at different scales. This study uses a novel global-to-local ap-
proach that combines an economic (CGE) model with a spatially explicit land-use
model to capture change at the global, national and landscape level for the pe-
riod 2010-2030. An important finding is that the process of structural change
and urbanisation that has been evident in Vietnam since the 1990s (Giesecke
and Nhi, 2009), will have major implications for the Vietnamese landscape in the
future. In addition, the study highlights Vietnam's vulnerability to flooding and il-
lustrates the linkages between land-use change and greenhouse gas emissions.
Finally, the study shows different impact pathways of economic development,
climate change and land-use change on future food security in Vietnam.

Decision makers in Vietnam need to be aware of the complex and uncertain
relationships between global and local drivers of socio-economic change, and
take a forward look when formulating food security and climate change mitiga-
tion and adaptation policies. As such this study presents a scenario and model-
ling approach that can support the development and implementation of the
national Green Growth and REDD strategies. Nonetheless, the results of
this study must be regarded as first approximation of possible future pathways
for socio-economic development and land-use change in Vietnam. Only three
scenarios are analysed, while many more futures may be relevant (see for ex-
ample Nakicenovic et al., 2000; Carpenter et al., 2005). For example, this
study has not assessed the impact of trade policies (e.g. the EU-Vietnam Free
Trade Agreement that is currently being negotiated) that can have major conse-
quences for economic growth and development.

Although scenario analysis and models can be a very powerful tool to as-
sess the trade-offs between policy options, they remain a simplification of a
complex reality and outcomes are heavily rely on the quality and coverage of
available data. A key area of improvement are the Vietnamese land-cover and
land-use maps, which exhibit a number of inconsistencies. In particular, there is
a need to develop one consistent classification system that harmonises the dif-
ferent sources of spatial data and inventory data in Vietnam. Future research is
also needed on the modelling of the land allocation, especially forest land, in
CGE models. These issues should be borne in mind when interpreting and using
the statistics and maps that are presented in this report.
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Modelling Framework

Analysing and modelling the dynamics of future land-use change is not easy due
to the interplay of a wide range of processes including socio-economic, climate
and biophysical change that interact at the global, national and local level. To
capture these processes at various scales a computable general equilibrium
(CGE) model - Modular Applied GeNeral Equilibrium Toolbox or MAGNET - is
linked up with a spatially explicit local land-use model - the Conversion of Land-
use change and its Effects or CLUE model.

MAGNET model description

MAGNET has been developed by LEI Wageningen UR and is based on the GTAP
(Global Trade Analysis Project) model. The GTAP model, which has been docu-
mented in Hertel (1997), captures the behaviour of three types of agents:
households, firms and government, in each country or region of the world.
Households' behaviour is captured via a 'representative regional household',
which in search for maximising its utility, collects all income that is generated in
the economy and allocates it over private households and government expen-
ditures on commodities, and savings for investment goods. Income comes from
payments by firms to the regional household for the use of endowments of
skilled and unskilled labour, land, capital and natural resources. The regional
household also receives income from (net) taxes paid by the private household
(on private consumption and income), firms (taxes on intermediate inputs and
production) and the government (on its expenditures). Firms seeking to maxim-
ise profits, produce commodities by employing the aforementioned endow-
ments and intermediate inputs from other firms using a constant return to scale
production technology' so as to sell them to private households, the govern-
ment and other producers. Domestically produced goods can either be sold on
the domestic market or to other regions in the world. Similarly domestic inter-
mediate, private household and government demand for goods can be satisfied

! This means that as firms grow, they do not become more or less efficient.



by domestic production or by imports from other regions in the world (Armington
assumption). These come with their own import and export taxes. Sourcing of
imports happens at the border, after which - on the basis of the resulting com-
posite import price - the optimal mix of import and domestic goods is derived.

Demand for and supply of commaodities and endowments meet markets,
which are perfectly competitive and clear via price adjustments. Natural re-
sources and land are assumed to adjust sluggishly between sectors, whereas
capital and labour are fully mobile. The assumptions regarding labour, land and
capital markets are discussed below as they are different from standard GTAP.
With all markets in equilibrium, firms earning zero profits and households being
on their budget constraint, global savings must equal global investments. In-
vestments are computed on a global basis, via a 'global bank' which assembles
savings and disburses investments, so that all savers in the model face a com-
mon price for this savings commodity. In GTAP, global savings determine global
investments, i.e. the macro closure is savings driven and essentially neoclassi-
cal in nature. Since the CGE model can only determine relative prices, the GDP
deflator is set as the numéraire of the model, against which all other prices are
benchmarked. Changes in prices resulting from the model simulations thus con-
stitute real price changes.

Since GTAP is essentially a comparative static model, investments only influ-
ence the pattern of production (via investments as a demand category) and are
not installed so as to add to the productive capacity of industries over time. To
carry out a dynamic analysis over time for the period 2007-2030 projections in-
to the future are obtained by allowing the exogenous endowments of capital,
land, natural resources and labour, and the productivity of these factors, most
notably yields, to grow according to a specific growth path. Since the base year
of MAGNET is 2007, the scenarios are run for the period 2007-10 to project
the model towards 2010, and then up to 2030 divided up into two periods of
equal length, 2010-2020 and 2020-30.

The MAGNET model has been expanded/improved relative to the standard
GTAP model by adding more sophisticated production structure and consump-
tion structure, segmented capital and labour markets and a more sophisticated
specification of the land market.

The MAGNET model has a flexible Constant Elasticity of Substitution (CES)
nesting structure for production, according to which the ease with which differ-
ent inputs into production may be substituted in the production of final goods,
as measured by the substitution elasticities, may differ across nests. Whereas
different sectors may have different nesting structures, for this study a simple
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three-level nesting structure has been chosen for all sectors and in all coun-
tries/regions of the world. Specifically, in the top nest value added and interme-
diate inputs are combined into production. In the second nest, land and non-and
value added are combined into value added. In the third nest, capital, skilled and
unskilled labour and natural resources are combined into non-land value added.
The distinction between land and non-land value added, to account for inherent
differences in the degree of substitutability between land and non-land factors,
is new relative to standard GTAP. The value of the elasticity of substitution in-
creases as inputs used in production become more similar (and so can more
easily be substituted). In the top nest, the substitution elasticity is assumed zero
(as in standard GTAP), so that inputs cannot be substituted and are used in pro-
duction according to fixed input-output coefficients. In the value added nest, the
substitution elasticity equals 0.1 and in the non-land value added nest in be-
tween 0.25 and 1.36 depending on the commodity in question.

In GTAP private (household) consumption behaviour is modelled via a Con-
stant Difference of Elasticity (CDE) function, which is a more flexible, non-
homothetic function allowing for non-constant marginal budget shares, and is
calibrated using data on income and price elasticities of demand. Since the use
of the CDE function in practice results in constant income elasticities over time -
leading to unrealistically high consumption of food items in fast growing econo-
mies - in MAGNET income elasticities are dynamically adjusted using real GDP
per capita (in the form of a decreasing function). The services sector is used as
a residual to guarantee that the sum of the income elasticities is one. The updat-
ing of income elasticities takes place in each step of the Euler optimisation rou-
tine used in solving the model, and preserves the welfare calculations as
present in the GTAP model.

In standard GTAP, capital and labour are assumed to be fully mobile across
sectors. In reality, however, there's limited movement of capital and labour be-
tween agricultural and non-agricultural sectors, in contrast to relatively free
movement within these sectors. This is evident from, for example, the differ-
ences in wage levels for unskilled labour in agriculture compared to industry and
services sectors. MAGNET allows for the modelling of such segmented factor
markets, by introducing a nested Constant Elasticity of Transformation (CET)
function for capital and labour, which includes a nest for agriculture and non-
agriculture. Within these nests, capital and labour are assumed to be perfectly
mobile, but between these nests it is more difficult to move. A consequence of
this approach is that unskilled and skilled) labour and capital receive different
remunerations (i.e. wage and rental rate respectively) in agricultural and non-



agricultural sectors. The elasticity of transformation, which governs the slug-
gishness of movement of these factors across sectors, is set at a level of mi-
nus one (Hertel & Keeney 2005).

In standard GTAP, total land supply is fixed and is assumed to adjust slug-
gishly between sectors (with an elasticity of transformation equal to -0.5, as for
natural resources). MAGNET can refine this approach by allowing for the incor-
poration of different degrees of sluggishness between different types of land,
again using a nested CET function. Generally, the ease with which land is allo-
cated from and to agricultural sectors differs for different types of land. A rela-
tively simple three-level nested-CET approach is adopted, which in the top nest
allocates land to commercial forestry and agricultural sectors, in the second
nest allocates agricultural land to crops and livestock, and in the third nest allo-
cates cropland to paddy rice, vegetables, fruits and nuts and other crops
(Figure Al.1). The elasticities of transformation increase in absolute value at
lower levels of the tree, indicating it becomes more easy to transfer land be-
tween sectors. This approach creates different land prices in each level of the
tree. The elasticities are obtained from GTAP.

A novel feature of the land allocation specification is that it includes com-
mercial forestry in the top level as an economic land using sector. Whilst com-
mercial forestry harvests are flexible in that extra harvests are possible, it is

assumed that it is difficult to reallocate land from agriculture to commercial for-

estry (by means of the relatively low elasticity of transformation), thereby doing
justice to the long term nature of the decisions in the forestry sector.
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Figure Al.1 MAGNET land allocation
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The extent to which land can be reallocated between agriculture and forestry
and between different agricultural sectors depends very much on the country's
land property regime. Vietnam's land tenure system has been reformed under
the economic reform process known as Do/ Moi. In this process, land has been
re-assigned from collectives to small-scale farmers, establishing their land rights
in a Land Law and enhancing tenure security via inheritable land rights that also
asserted women's rights. Despite the agricultural liberalisation process im-
portant challenges remain which ensure that the actual land allocation over dif-
ferent land using sectors in Vietnam is still far from smooth and market driven.
First land allocation still seems very much planned and regulated by national,
regional, provincial, district and commune level authorities, each with their own,
often inconsistent, land use plans, which do not match socio-economic plans
and construction plans (scoping workshop, Hanoi). Also, whilst legal systems
are in place, they are not always operational in practice for a variety of reasons.
As a result, it is unclear whether one can speak of a real market for land in Vi-
etnam, with (sectoral) demand responding to a price and with price adjustments
assuring equilibrium between demand and supply.

Two main points of importance to the globalto-local land-use modelling
emerged from the discussions with Vietnamese land use planners and stake-
holders (scoping workshop, Hanoi). Firstly, land reallocation in agriculture is of-



ten not instantaneous and easier between some sectors relative to other sec-
tors. This is secured in MAGNET via low levels of substitution, which increase
for more similar commodities (Figure Al.1). And secondly, once a year the cen-
tral government establishes the (official) price for land. It was suggested that
two systems operate in parallel, the market with a 'market’ price and an official
system with an official price. The market price is not monitored on a regular ba-
sis and so the valuation of land by the government in terms of an official price is
generally not in line with market developments. Given that it is impossible to
model these two systems at the same time, the lack of information on land
prices, and given that the focus of this study is on implications of global, nation-
al and local drivers on land use patterns, it is decided to keep the land market in
(i.e. land use across sectors, albeit sluggish, is an endogenous outcome of the
model and responds to changes in prices, and land prices adjust so as to en-
sure equilibrium). The land prices or land rental rates and changes therein that
emerge from MAGNET are thus best interpreted as (changes in) shadow prices
for land, signifying (changes in) relative scarcity and pressures for land.

CLUE model description

To downscale the aggregate information on land use from MAGNET to a map,
the CLUE model is used which was developed by Wageningen University and the
Institute for Environmental Studies part of the Free University of Amsterdam.’
CLUE allocates land-use changes by combining scenario data with spatial data
on the bio-geophysical and human drivers of agricultural land use with current
land use patterns and information on land-use conversion and spatial policies.
At the spatially disaggregated level, land-use change is also dependent on
biophysical conditions (e.g. soil, slope and infrastructure) as well as specific
spatial policies such as the location of protected areas and restrictions on land
conversion. These issues cannot be taken into account by MAGNET as it only
provides results at the aggregate country level. For this reason CLUE is used to
project land-use data from MAGNET on a map with a spatial resolution of 1 by
1 km?. To ensure consistency between the global analysis with MAGNET the FIPI
2007 land-use map is also adopted for the analysis in CLUE.

! See http://www.ivm.vu.nl/en/Organisation/departments/spatial-analysis-decision-
support/Clue/index.asp [Accessed May 14, 2012] more information on the CLUE model.
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The structure of the CLUE methodology is presented in Figure Al.2. It con-
sists of four building blocks in which the main parameters are set: Spatial poli-
cies and restrictions, Land use requirements, Conversion settings and Location
characteristics. Once these parameters have been determined the model can
be run and starts its land-use change allocation procedure.

Quantified land use scenario data are converted into a demand table in the
building block 'Land use requirements'. Information on growth of the land need-
ed for Paddy rice, Other agriculture and Production forestry is taken from
MAGNET, while change in land use for the other classes: Non-production forest,
Shrub and grassland, Built-up land and Other land, is set exogenously depending
on the scenario.

Land-use drivers are selected in the 'Location characteristics' building block.
By linking GIS based information on location characteristics that reflect bio-
physical and human land-use drivers with a land-use map, a suitability map is
generated that identifies the most probable allocation for the seven land classes
for which information is available.

Al.1 provides an overview of the various land-use drivers that are included in
the analysis. With the help of the statistical software package SPSS a logistic
regression is run for each land-use class to test the relationship between land
use and land-use drivers. Driving factors with a low correlation are excluded
from further analysis. The remaining driving factors are tested for overall corre-
lation with each land-use class, resulting in a so-called ROC value or Goodness
of Fit factor. A ROC factor lower than 0.6 shows a poor relation between the
land-use class and driving factors, between 0.6 and 0.7 reasonable and above
0.8 a good relation. Table A1.2] shows the ROC values for each land-use class.
The 'Other land' class is excluded from the analysis as it is set to remain con-
stant throughout the analysis. The regression analysis is used to construct a
probability map, which indicates the likelihood ('suitability’) a grid cell will be
converted into a certain land class (Figure A1.3).

For the prediction of future built-up areas use has been made of additional
scenario information for the larger cities. In Vietnam the largest growth can be
seen in the larger cities, especially in cities such as Hanoi and Ho Chi Minh City
(UNDESA, 2012). There are two ways in CLUE to give the surrounding of exist-
ing urban areas a higher probability for future urban area. One is by use of the
neighbourhood analysis which calculates a higher probability for allocation of fu-
ture urban pixels in the neighbourhood of existing urban pixels and the second
method is to make use of location preference maps, in this case of zones
around existing urban areas. For this analysis location preference maps have



been designed based on expected growth of larger and smaller towns. The po-
tential location zones around the larger cities are bigger than these zones
around the smaller urban areas. The width of the zones is dependent on the ex-
pected urban growth and the size of the existing urban pixel clusters. Between
2010 and 2030 the urban area is expected to grow with 82% for the BAU and
HCI scenario. The probability in the potential location zone is increased with 0.4.
To avoid that the model will only use areas within the location preference maps
for its future urban area allocation, the zone width is reduced to 30% of the total
expected growth. This leads to a zone width of 3,000 m for urban clusters of
300-400 km?, a zone of 2,000 m for clusters of 100-300 km? and a zone of
1,000 m for clusters of 10-100 km?.

In the building block 'Land use type specific settings' assumptions are made
for all seven land classes about the expansion or contraction over time with the
help of a so-called land-use conversion matrix and setting of conversion elastici-
ties. With help of the land-use conversion matrix it is determined which classes
can be converted into one or more of the other land-use classes and the time it
takes to convert one land class into another. For some classes the conversion
is possible (e.g. from natural forest to crop land), for others this will be time
consuming (e.g. conversion of pasture to commercial forest only possible after
10 years) and for yet others it might be unlikely or impossible (e.g. from built-up
land to paddy rice). Elasticities determine the specific behaviour of the land-use
conversion. A low elasticity for one land use type indicates that all changes for
that land use type are allowed, independent from the current land use of a loca-
tion. This means that a certain land use type can be removed at one place and
allocated at another place at the same time, e.g. shifting cultivation. The higher
the value, the higher the preference that will be given to locations that are al-
ready under this land use type. This setting is relevant for land use types with
high conversion costs, e.g. from forestry to agriculture or from a perennial
crops to annual crop. If an elasticity for a land use type is set to 1 it means that
grid cells with one land use type can never be added and removed at the same
time. This is relevant for land use types that are difficult to convert, e.g., urban
settlements and primary forests. A value of one stabilises the system and pre-
vents that in case of deforestation other areas are reforested at the same time.
CLUE also makes it possible to 'block' the conversion of certain areas (grid
cells), which is useful to simulate land use policies that do and the protected
parks. These settings are determined in the building block 'Spatial policies and
restrictions'.
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Finally, after setting all parameters in each of the four building blocks CLUE
is run to create future land-use maps for each scenario. For this Vietnam analysis
future land-use maps have been generated for three scenarios, covering the pe-

riod 2007-2030.

_ CLUE model structure
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Table Al1.1 CLUE land-use drivers
Land-use drivers

Elevation

Slope

Rainfall

Distance to community centres

Distance to major water bodies

Distance to road

Distance to coast

Population density

Soil

Temperature

Table A1.2 Land-use drivers and ROC values for logistic regression per
land-use class

CLUE land-use class Land-use drivers included in logistic regression ROC

1 2 3 4 5 6 7 8 9 10

Production forest X X X X X X X X X 0.74

Non-production forest X X X X X X X X X 0.72

Other agriculture X X X X X X X X X 0.71

Paddy rice X X X X X X X X X X 0.90

Shrub and grassland X X X X X X X X X X 0.69

Built-up land X X X X X X X X X X 0.82

Other land
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