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Abstract
We propose an economy-wide assessment of the social and economic effects of climate 
impacts on the Vietnamese economy as a whole using an integrated macroeconomic 
framework. Our integrated assessment framework involves the following steps. First, we 
apply a monetary valuation of direct damages by sector (agriculture, energy and health) 
by using the key quantitative results from the Chapters 3, 4, 5, 6. Mainly, we focus on the 
impacts on rice yields, hydropower supply and electricity demand, infectious diseases and 
mortality, labor productivity and total factor productivity. Then, we construct the sectoral 
damage functions which represent the losses in each sector conditional on Viet Nam mean 
surface temperature (VNMST) change. Summing across sectoral direct impacts as a func-
tion of VNMST change 2020–2099 relative to 1997–2019, we find that expected annual 
GDP loss reaches 6% relative to the baseline scenario at +1°C of warming. Integrating these 
sectoral damage functions within a stock-flow consistent model of the Vietnamese eco-
nomy, by 2050, average losses range between 0.7 and 10.4% under RCP 4.5 and between 
1.7 and 12.2% under RCP 8.5. In addition, we estimate the annual GDP losses due to 
typhoons in the period 1992–2013 at 2.4%. Uncertainties remain about the future impacts 
of typhoons combined with climate change scenarios. Finally, because export-oriented ac-
tivity clearly supports the country’s growth, we specifically account for the potential inter-
national damage spillovers that may be incurred by changing trade patterns. Evidence is 
given that climate change through international spillover damages is expected to reduce 
Viet Nam’s long-run growth rate over the next 40 years.

 

Tóm tắt

Chúng tôi đề xuất một đánh giá các tác động kinh tế và xã hội của biến đổi khí hậu trên toàn 
bộ nền kinh tế Việt Nam bằng cách sử dụng một khung vĩ mô tích hợp. Khung đánh giá tích 
hợp của chúng tôi được xây dựng theo các bước sau. Thứ nhất, chúng tôi áp dụng lượng giá 
bằng tiền đối với thiệt hại trực tiếp theo ngành (nông nghiệp, năng lượng, y tế và năng suất 
lao động) bằng cách sử dụng các kết quả định lượng chính từ các chương 3, 4, 5, 6. Chúng 
tôi tập trung vào một số ảnh hưởng tới sản lượng lúa, thuỷ điện, tiêu dùng điện, các bệnh 
truyền nhiễm, tử vong, năng suất lao động và năng suất nhân tố tổng hợp. Sau đó, chúng 
tôi xây dựng các hàm thiệt hại theo ngành tương ứng với sự thay đổi nhiệt độ bề mặt trung 
bình của Việt Nam (VNMST). Bằng cách cộng tổng các tác động ngành trực tiếp theo sự 
thay đổi của VNMST trong giai đoạn 2020–2099 so với giai đoạn 1997–2019, chúng tôi tìm 
ra rằng thiệt hại GDP ước tính hằng năm có thể đạt tới 6% so với kịch bản gốc khi nhiệt độ 
tăng lên 1°C. Sau khi tích hợp các hàm thiệt hại này vào mô hình kinh tế vĩ mô trữ lượng-lưu 
lượng nhất quán của kinh tế Việt Nam để đánh giá tác động liên ngành và tổng hợp của biến 
đổi khí hậu, đến năm 2050, thiệt hại trung bình có thể đạt từ 0.7 đến 10.4% với kịch bản RCP 

4.5 và từ 1.7 đến 12.2% với kịch bản RCP 8.5. Thêm vào đó, chúng tôi tiến hành ước lượng 
thiệt hại hằng năm GDP do bão trong giai đoạn 1992–2013 là khoảng 2.4%. Hiện nay, rất 
khó dự đoán các cơn bão trong tương lai với các kịch bản khí hậu khác nhau. Cuối cùng, do 
đặc điểm tăng trưởng của Việt Nam chủ yếu dựa vào các hoạt động xuất khẩu, chúng tôi 
đặc biệt nghiên cứu các tác động ảnh hưởng từ quốc tế có thể thay đổi cấu trúc thương mại 
của nước ta. Bằng chứng cho thấy biến đổi khí hậu thông qua các tác động ảnh hưởng từ 
quốc tế sẽ có thể làm giảm tốc độ tăng trưởng lâu dài của Việt Nam trong vòng 40 năm tới.

 

Résumé

Nous proposons une évaluation des effets sociaux et économiques du changement cli-
matique en utilisant un cadre macroéconomique intégré. Notre cadre d’évaluation com-
prend les étapes suivantes. Tout d’abord, nous appliquons une évaluation monétaire des 
dommages directs par secteur (agriculture, énergie et santé) en utilisant les principaux 
résultats quantitatifs des chapitres 3, 4, 5 et 6. Nous nous concentrons principalement sur 
les impacts sur les rendements rizicoles, l’offre et la demande d’électricité, les maladies 
infectieuses, la mortalité, la productivité du travail et la productivité totale des facteurs. 
Ensuite, nous construisons des fonctions de dommages sectoriels qui représentent les 
pertes dans chaque secteur en fonction du changement de la température moyenne de 
surface du Viet Nam (VNMST). En additionnant les impacts directs sectoriels en fonc-
tion du changement de la VNMST entre 2020 et 2099 par rapport à 1997–2019, nous 
constatons que la perte annuelle de PIB atteint 6% par rapport au scénario de référence 
à +1°C de réchauffement. En intégrant ces fonctions de dommages sectoriels dans un 
modèle cohérent stock-flux de l’économie vietnamienne, d’ici 2050, les pertes moyennes 
se situent entre 0,7 et 10,4% sous RCP 4,5 et entre 1,7 et 12,2% sous RCP 8,5. En outre, 
nous estimons à 2,4% les pertes annuelles de PIB dues aux typhons pour la période 
1992–2013. Des incertitudes subsistent quant aux impacts futurs des typhons combinés 
aux scénarios de changement climatique. Enfin, étant donné que l’activité particulière-
ment orientée vers l’exportation du Viet Nam soutient clairement la croissance du pays, 
nous tenons compte spécifiquement des retombées potentielles des dommages inter-
nationaux qui peuvent être encourus par la modification de la structure des échanges. Le 
changement climatique, par le biais des dommages internationaux, devrait réduire le taux 
de croissance à long terme du Viet Nam au cours des 40 prochaines années.).



flow coherent macroeconomic model of Viet-
Nam. Section 5 treats the specific case of the 
relative climate impacts of Viet Nam with res-
pect to its main trade partners, which can act 
as a constraint on the long-term equilibrium 
growth rate of the Vietnamese economy. 
Section 6 concludes with some more poli-
cy-oriented recommendations and avenues 
for further research.

on specific sectors. We thus do not pretend to 
offer an exhaustive assessment of the econo-
mic costs of climate change through to 2050, 
but rather to build transparent empirical sce-
narios of what could happen in very specific 
and contingent circumstances. Section 3 thus 
builds an aggregate damage function based 
on different sectoral assessments. Section 4 
integrates this assessment into the stock-

1. Introduction 
In previous chapters, we have presented up- 
dated and more spatially-disaggregated cli-
mate scenarios, different types of sectoral 
analysis, and an in-depth look at national 
adaptation strategies and local adaptation  
dynamics. Indeed, we have investigated how 
climate change might affect health [ Chap-
ter  3 ], the agricultural sector [ Chapter 4 ], 
the energy sector [ Chapter 5 ] and house- 
holds [ Chapter 6 ], while also considering the 
complex dynamics of climate and more local  
environmental impacts in the Mekong region 
(Chapters 7, 8, 9). Yet it remains essential to 
understand the cross-sectoral and cumulative 
effects of climate change, not only within Viet 
Nam, but also in relation with its main trade 
partners. In this chapter, we propose a new 
economy-wide assessment of the social and 
economic effects of climate change on the 
Vietnamese economy as a whole, using an in-
tegrated macroeconomic framework.

In addition, existing studies on the evaluation 
of the impacts of climate change in Viet Nam 
are usually focused on specific sectors or 
specific regions, as shown in the different me-
ta-analysis and sectoral assessments in the 
second part of this report. Few studies seek 
to assess the economy-wide effect of climate 
change. UNU-WIDER and CIEM (2012) are to 
our knowledge the most recent study to eva-
luate climate impacts on economic growth 
and welfare in a dynamic CGE model, via three 
principal mechanisms: crop yields, hydropower 
production and regional road networks. This 
latest study provides insights into the potential 
macroeconomic effects of different climate 
scenarios from the previous IPCC report. 

Contrary to standard CGE models, the 
macroeconomic model that we have specifi-

cally developed combines real side variables 
with financial balance sheet effects. Indeed, 
over the last three decades, the Vietnamese 
economy has been integrated into the world 
economy and undergone an important finan-
cialization process. Increased integration with 
other countries has contributed to income 
growth, but also to economic vulnerability in 
the context of rising trade tensions. The glo-
bal financial crisis of 2008, the ensuing Viet-
namese banking crisis of 2011, along with 
the recent COVID-19 pandemic — all mostly 
macroeconomic shocks coming from the fi-
nancial side — have had significant impacts 
in real terms as well. They have thus revealed 
the critical need to pay more attention to the 
integration of the financial sector (i.e money, 
debt, and assets/liabilities) and the real eco-
nomy within a single framework, to gain a pro-
per understanding of the dynamics at hand. 
This more coherent approach is key for any 
comprehensive macroeconomic analysis 
and forecast in the short term, and necessa-
ry to public policies for a sound development 
process and macroeconomic stability in the  
longer term.

Furthermore, Viet Nam is a very open eco-
nomy, whose international position might also 
be affected (for better or for worse) by diffe-
rentiated climate impacts across key trading 
partners. Within this chapter, we will investi-
gate them independently by using the theory 
of Balance-of-Payments-Constrained Growth 
(BPCG).

Beyond this introduction, this chapter has five 
other sections. Section 2 highlights the inte-
grated framework that has been built within 
this project to assess climate impacts and 
adaptation. It should be borne in mind that this 
platform remains open to incorporate further 
studies on specific impacts of climate change 

mage, values are presented as a proportion of 
Vietnamese Gross Domestic Product.

uSectoral damage function calculation: 
constructing sectoral damage functions re-
quires that losses in each sector be repre-
sented as conditional on Viet Nam mean 
surface temperature (VNMST) change. We 
estimate summaries of these relationships 
by regressing the impact value (for all realiza-
tions) on these temperatures. As in Hsiang et 
al. (2017), we consider that the results are not 
weighted, because the likelihood of states of 
the world is not relevant to the description of 
the damage function.

uAggregate national-level damage function: 
– Summing sectoral damage functions across 
the spectrum of possible temperature in-
creases to obtain cumulative direct impacts;
– Applying the direct damage impacts to the 
stock-flow coherent macroeconomic model 
of Viet Nam, in order to assess the intersecto-
ral and aggregate effects.

Independently of this framework, we assess 
the impact of typhoons on Vietnamese GDP, 
using night-time light data to get a better spa-
tial approximation of their economic costs. 
Because we could not work on the impacts of 
climate change on the increased frequency of 

2. Towards  
an integrated  
framework to assess 
climate impacts  
and adaptation 

Our methodological approach in this chapter 
builds on the integrated assessment approach 
of Hsiang et al. (2017) who have attempted to 
assess the economic cost of climate change 
in the US via a combination of multiple cli-
mate scenarios, quantitative meta-analysis 
of sectoral and social impacts based on exis-
ting studies, and aggregation and integration  
within a macroeconomic model. 

Our integrated assessment framework invol-
ves the following steps:

uValuation of direct damage by sector: in or-
der to aggregate over each individual sector to 
obtain a total economic response to climate 
forcing, we first apply a monetary valuation to 
each individual sector, namely agriculture, en-
ergy, health, labor productivity, and total fac-
tor productivity. We use the key quantitative 
results from Chapters 3, 4, 5, 6. The choice of 
studies as well as the valuation for specific 
sectors is discussed below. For all direct da-
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pitation patterns and sea-level rise; the climate 
impacts on GDP due to typhoons; and the rela-
tive climate impacts on growth due the chan-
ging external position of Viet Nam, in different 
climate scenarios. This chapter thus builds 
an open platform to progressively incorporate 
different aspects of climate change impacts 
on Viet Nam in more detail. It should be noted 
that the empirical assessment of climate da-
mage costs is a very difficult and sometimes 
hazardous exercise [ Keen et al., 2021 ]. This 
specific application to Viet Nam tries to be 
as transparent as possible with regard to the  
inevitable unknowns and uncertainties sur-
rounding these types of assessments.

typhoons under different climate scenarios, 
we did not integrate typhoon impacts into 
the general framework at this stage, although 
this will be done in future developments of 
the model. We also assess the impact of in-
ternational spillover impacts independently of 
this framework, as this assessment involves 
a refined representation of Viet Nam’s trading 
partners as well as their own climate impacts, 
that would have been too complex to inte-
grate within the already-complex SFC model 
used for the general assessment of climate 
impacts. 

We thus end up with three parallel evaluations 
of climate impacts, mainly the direct climate 
impacts on socio-economic variables in the 
face of temperature increase, changing preci-

International damages
spillovers

Labor Productivity
(work hours)

Infectious
diseases

Mortality

...

ECONOMIC ACTIVITIES SOCIAL WELFARE

Agriculture
(rice field, rice yields)

Energy
(hydropower production

electricity demand)
Household

income

Total factor
productivity

MACROECONOMIC
IMPACTS

DIRECT IMPACTS

Climate projection
Temperature, Precipitation,

Sea level rise, Typhoons

REST OF THE WORLD

[ Figure 13.1 ]
An open integrated framework to assess climate damage in Viet Nam

The integrated framework used in this report allows for the measure of direct impacts on key socio-economic 
variables and their macroeconomic effect. It remains open to additional sectoral impacts, more detailed  
specifications of climate scenarios (including uncertain future tipping points), as well as probabilistic  
assessments considering different sources of uncertainties.

3. Direct climate  
damages 
Total damage in each sector, and sometimes 
daily projections from the relevant chapters 
(mainly Chapters 3, 4, 5 and 6), are valued in 
monetary terms, aggregated nationally, and 
completed with a meta-analysis of selected 
studies. For the meta-analysis, climate mo-
dels and scenarios may be different from the 
simulations developed in Chapter 1 of the re-
port. We have included them nonetheless in 
order to build a theoretical response function, 
which will then be applied to the complete set 
of Chapter 1 scenarios. Indeed, each of these  
aggregate outcomes can be indexed against 
the change in average temperature in the 
corresponding climate realization across the 
four Representative Concentration Pathways 
(RCP), or their equivalent in the previous form, 
or the most recent one from the incoming Inter-
governmental Panel on Climate Change (IPCC) 
report. Values are presented as a proportion  
of Vietnamese GDP. As such, the relative 
weighting of each sector follows the weighting 
anticipated by the Vietnamese government up 
to 2050 and defined in the baseline scenario 
(see the next section on the macroeconomic 
model). By being expressed as a percentage 
change, this direct damage would scale with 
the expansion of the economy while holding 
the structure of the economy unchanged com-
pared to the baseline.

3.1 Agriculture
Since the entire Vietnamese population de-
pends on agriculture for food, and agricultural 
labor still accounts for a significant propor-
tion of total labor (33% in 2020), agriculture 
remains one of the most important sectors. 
Climate change has important impacts on 

the agricultural sector via both direct (tempe-
rature, precipitation, sea level rise, etc.) and 
indirect mechanisms (water resource, saline 
intrusion, drought, floods, impacts on labor 
productivity, etc.). Despite the expected res-
tructuring of agriculture from predominantly 
rice production towards higher-value products 
— such as coffee, rubber, fishing, etc., rice is 
still one of the most important crops in Viet 
Nam (see Chapter 4 of this report). In addition, 
Viet Nam is one of the largest exporters of rice 
(top 5 rice exporting countries in 2020). 

In our study, agricultural yield impacts are 
represented as changes in rice yields. We 
base our analysis purely on a meta-analysis 
of a set of key existing studies to develop the 
sector-specific damage functions for agricul-
ture, namely Yu et al. (2010), Li et al. (2017), 
Kontgis et al. (2019), Deb et al. (2015), Shres-
tha et al. (2016) (see Chapter 4 for a more 
detailed assessment of these references). 
Then, we assume that a given change in rice 
output results in a proportional change in the 
value of that agricultural sector’s gross output 
in the baseline scenario. In this sense, we do 
not consider possible endogenous adaptation 
strategies at this stage and estimate an up-
per threshold for the corresponding damage 
function. However, we may also under-esti-
mate damage since non-linear tipping points 
of the climate system are not accounted 
for, even if we complete this assessment by  
taking sea-level rise into account in the case of 
rice. With these limitations in mind, the direct 
impact of climate change on rice could affect 
yields by up to 30% beyond a 2°C increase in 
temperature relative to 1997–2019.

3.2 Energy
The energy sector is a crucial component in 
any development dynamics, but is affected 
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as it induces an initial surplus of production 
(with a maximum at a 1°C increase of tem-
perature) because of increased precipitation. 
Beyond a 2°C increase however, there is not 
much change compared to a baseline without 
further climate change. It should be noted 
here, as suggested in Chapter 5, that we do 
not consider other impacts on energy supply 
and demand due to lack of data, and that we 
cannot consider the impact of the multiple 
use of water from the hydropower sector.

On the demand side, the rising tempera-
ture and weather extremes in recent years 
have strongly affected residential electricity 
demand (27% of total end-use consump-
tion in 2016). The main use of electricity in 
households is for air conditioners, refrigera-
tors, and electric fans. In Chapter 5, we pro-
ject changes in residential and commercial 

by climate change both in terms of energy 
supply and demand [ Auffhammer & Mansur, 
2014; Yalew et al.,2020 ]. The direct costs and 
benefits of climate-driven change in energy 
were assessed in Chapter 6, including the fo-
recasted development of the Viet Nam Power 
Development Plan 8 (PDP8).  

On the supply side, changes in precipitation 
and temperature can affect energy produc-
tion capacity, the transmission systems, or 
the infrastructure itself [ World Bank, 2011; 
Ciscar & Dowling, 2014; Perera et al.,2020 ]. 
In this report, given the current dominant role 
of hydropower in total Vietnamese electricity 
production (37.7% in 2019) despite a planned 
reduction to 18% by 2030 and to 9% by 2045 
(PDP8), we study the climate impact on  
hydropower production. Figure 13.4 shows 
that the case of hydropower is more complex, 

[ Figure 13.2 ]
Rice damage function

Average yield change over the period 2020–2099 as a function of VNMST change 2020–2099 relative  
to 1997–2019. Dots indicate the distribution of direct damages corresponding to VNMST change  
in each combination of climate models and scenario projection. Black line represents the linear  
regression of damage values on VNMST change.

[ Figure 13.3 ]
Hydropower production damage function

Average change in hydropower production over the period 2020–2099, as a function of VNMST change 
2020–2099 relative to 1997–2019. Dots indicate the distribution of direct damages corresponding to 
VNMST change in each combination of climate models and scenario projection. Black line represents  
the polynomial regression of damage values on VNMST change.

[ Figure 13.4 ]
Electricity demand damage function

Average residential electricity demand changes over the period 2020–2099 as a function of VNMST 
change 2020–2099 relative to 1997–2019. Dots indicate the distribution of direct damages  
corresponding to VNMST change in each combination of climate models and scenario projection.  
Black line represents the non-linear regression of damage values on VNMST change. 
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tries. Dietz & Stern (2015) marginally change 
the DICE model of William Nordhaus and test 
the macroeconomic impacts when TFP is hit. 
Moore & Diaz (2015) test a modified DICE mo-
del, calibrated on Dell et al. (2012) and obtain 
increased impacts. Another theoretical study 
of Moyer et al. (2014) also has hypothesized 
a future impact of global warming on TFP 
growth. Chapter 6 in the report found that an 
increase in temperature would reduce the to-
tal factor productivity. Specifically, an increase 
of average temperature of 1°C leads to a 3.6 
per cent decline in the TFP. The value of to-
tal factor productivity impact is calculated 
through their impact on GDP growth which is 
then translated to the changes in GDP level.

3.4 Total factor productivity

The total factor productivity (TFP) plays an 
important role for the long-run economic 
growth. In Viet Nam, according to GSO data, 
TFP has contributed 43.5% to the national 
economic growth in 2018. In addition, the 
approved National Assembly’s resolution for 
Viet Nam’s socio-economic development indi-
cates that the TFP is expected to contribute 
45–47% of GDP growth during coming years. 
Several studies in the recent literature found 
a negative impact of climate change on to-
tal factor productivity. Letta & Tol (2016), by 
using macro TFP data from the Penn World 
Tables, examine the relationship between 
annual temperature shocks and TFP growth 
rates in the period 1960–2006. They found 
only a negative relationship in poor countries 
but indistinguishable from zero in rich coun-

case of South-East Asia, heat stress reduces 
work capacity leading to lower economic  
output. Dao et al. (2013) found that in Da 
Nang, the rise in temperature has particu-
larly affected the working conditions of low- 
income outdoor workers. Opitz-Stapleton 
(2014) demonstrates the heat stress induced 
by climate change will increase the occupa-
tional heat exposure of workers. Kjellstrom et 
al. (2014) emphasize that in 2030, heat loss 
could represent 5.7% of Viet Nam’s GDP. In 
our case, we consider the results of Chapter 6  
to quantify an impact function in terms of wor-
king hours lost. A 1°C rise in temperature is 
associated with a decrease of 2.5% in working 
hours. The value of labor productivity impact 
is calculated by multiplying the equivalent nu-
mber of workers which is proportional with 
the working hours lost by GDP per worker.

electricity demand, residential and commer-
cial total energy expenditure, and electricity 
generating capacity. The response functions 
are derived from the outputs of LEAP in 2040, 
under a range of temperature scenarios from 
Chapter 1. These responses are then map-
ped to regional changes in climate variables 
in each period (2020–2039, 2040–2059 and 
2080–2099). Beyond a 2°C increase in tem-
perature, electricity demand could increase by 
as much as 12%, and by more than 20% above 
a 3°C increase. 

3.3 Labor productivity
Several studies show that heat stress can 
have negative impacts on human health 
as well as worker productivity [ Orlov et al., 
2020; ILO, 2019; ILO, 2016; Kjellstrom, 2009 ].  
Kjellstrom et al. (2012) describe how in the 

[ Figure 13.5 ]
Labor productivity damage function

[ Figure 13.6 ]
Total factor productivity damage function

Average working hours lost over the period 2020–2099 as a function of VNMST change 2020–2099  
relative to 1997–2019. Dots indicate the distribution of direct damages corresponding to VNMST  
change in each combination of climate models and scenario projection. Black line represents  
the linear regression of damage values on VNMST change.

Change in TFP over the period 2020–2099 as a function of VNMST change 2020–2099 relative to  
1997–2019. Dots indicate the distribution of direct damages corresponding to VNMST change  
in each combination of climate models and scenario projection. Black line represents the linear  
regression of damage values on VNMST change.
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infections leads to a decrease in the average 
hourly wage of approximately 0.049%. Based 
on the projection of changes in the number  
of infections under RCP4.5 and RCP8.5 of 
Chapter 3, we develop the damage function 
of infectious diseases [ Figure 13.8 ]. The 
average provincial incidence of infection will 
increase by 29% by 2050 under both RCP4.5 
and RCP8.5 without adaptation, and by 36% by 
2100 under RCP8.5 without adaptation. 

3.6 Typhoons and  
sea level rise impacts
We know from Chapters 4 and 9 that sea-level 
rise in the Mekong Delta will induce a loss in 
rice production due to salinization [ Nguyen et 
al., 2018 ]. In the particular case of the Mekong 
Delta (see Chapter 9), sea-level rise dynamics 
are due to a combination of climate chan- 
ge and subsidence dynamics from human- 
induced and natural causes [ Minderhoud, 
2020 ]. In our chapter, we use the Ministry of 
Natural Resources and Environment (MONRE) 
flood maps for three scenarios of sea level 
rise in 2050: 30cm (RCP2.6/RCP4.5), 60 cm 
(RCP6.0) and 90 cm (RCP8.5). We then include 
rice fields lost by submersion [ Table 13.1 ] in 
the macroeconomic model.

Given its location in the Northwestern Pacific 
Basin, the most active tropical cyclone zone 
on earth, and its extensive coastline, Viet Nam 
is prone to meteorological disasters, particu-
larly storms and typhoons. With one-minute 
sustained wind speeds that can reach more 
than 64  knots, typhoons are intense storms 
accompanied by heavy rainfall. When they 
make landfall, typhoons cause flooding and 
trigger landslides. With additional climate 
change, typhoons have more impact because 
of sea-level rise. In order to assess this as-
pect, we have selected past typhoons above 

deaths from 2030 to 2050 is large in some 
regions, including South-East Asia. In addi-
tion, the countries with high populations and 
pre-existing disease burdens will be more 
vulnerable to the health impacts of climate 
change. Another study by Vicedo-Cabrera et 
al. (2018) suggests that the Paris Agreement’s 
commitment to hold warming below 2°C 
could prevent an increase in temperature-re-
lated mortality. Based on these above studies, 
we obtain the damage function represented in 
the Figure 13.7.  

To value mortality damage in monetary terms, 
several methods exist and we do not neces-
sarily want to engage in a theoretical decision 
about them, as this should be the choice of 
policy-makers. As a practical solution, des-
pite the problems on both theoretical issues 
of interpretation and difficult problems of 
measurement of the Value of Statistical Life 
[ Ashenfelter, 2006 ], we use the Value of Sta-
tistical Life (VSL) from a study of Ohno et al. 
(2012) on measurement of Value of Statisti-
cal Life by Evaluating Diarrhoea Mortality Risk 
due to Water Pollution in Viet Nam. VSL has 
been calculated as 65,726–209,660  US$ for 
Viet Nam. Concerning the impact channel in 
the macroeconomic model, it is possible to 
consider an impact on population growth, 
which in turn affects aggregate demand, the 
labor supply and thus economic growth. 

Infectious diseases

Climate change increases the risk of many in-
fectious diseases. Chapter 3 investigates the 
effect of infectious diseases on the macro-eco-
nomy through loss in labor productivity. The 
results suggest a negative influence of infec-
tious diseases on labor productivity, which is 
represented as the average hourly wage of 
workers. Specifically, a 1% increase in disease 

Mortality

Regarding the effect on mortality, Gasparrini 
et al. (2017) investigate the projections of tem-
perature-related excess mortality under cli-
mate change scenarios, assuming no adapta-
tion or population changes. This study shows 
the negative impacts of climate change, which 
potentially produces an increase in mortality 
in most regions. Guo et al. (2018) projected 
excess mortality in relation to heatwaves in 
the future under each RCP scenario, with or 
without adaptation and with three population 
change scenarios (high variant, median va-
riant, and low variant). They found that if there 
is no adaptation, heatwave-related excess 
mortality is expected to increase the most 
in tropical and subtropical countries/regions. 
WHO (2014) shows climate change-attribu-
table heat-related deaths by world region. 
They find that the relative increase in excess 

3.5 Health
Most studies show negative impacts of cli-
mate change on health outcomes (e.g. phy- 
sical health, mortality, infectious diseases, 
mental health, dietary outcomes) [ Rocque et 
al. (2021) ]. In this report, Chapter 3 investigates 
the effects of climate variability (temperature, 
rainfall, wind speed, heatwaves) on infectious 
diseases (i.e., water-borne, airborne, and vec-
tor-borne) and on mortality. They found that 
the effect of a heat wave on the mortality rate 
is more significant and of greater magnitude 
compared with a cold wave. There is also a 
strong impact of temperature on vector-borne 
and water-borne disease. The effect of weather 
changes on the incidence of major diseases 
differs by climate region. Provinces located in 
the South and Southern Central Coast appear 
to have a higher sensitivity to infections at 
15°C–18°C temperature.

[ Figure 13.7 ]
Mortality damage function

Change in mortality rate over the period 2020–2099 as a function of VNMST change 2020–2099  
relative to 1997–2019. Dots indicate the distribution of direct damages corresponding to VNMST  
change in each combination of climate models and scenario projection. Black line represents  
the linear regression of damage values on VNMST change.
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more frequent. We use the calculation of the 
economic impact [ Box 13.1 ] of this particular 
type of typhoon to assess the associated GDP 
losses in affected grid cells.

130  knots, which are supposed to re-occur 
every century in the current climate while ge-
nerating an important storm surge. Sea-level 
rise tends to make this type of storm surge 

[ Table 13.1 ]
Rice submersion assessment 

 Province	 Rice planted areas	 Rice planted areas lost (%) - Scenario
	 (k.ha)	 30 cm	 60 cm 	 90 cm

 Quang Ninh	 21	 49%	 55%	 58%

 Thai Binh	 82	 11%	 23%	 66%

 Hai Phong	 38	 3%	 8%	 53%

 Nam Dinh	 76	 8%	 29%	 68%

 Ninh Binh	 42	 1%	 7%	 21%

 Quang Binh	 30	 21%	 33%	 58%

 Phu Yen	 25.3	 0%	 0.70%	 1.10%

 Ninh Thuan	 16	 0%	 0%	 0.20%

As stated in Noy (2009), heterogeneity in institutional and socioeconomic characteristics results in  
different ex-post disaster impacts.
The International Best Track Archive for Climate Stewardship (IBTrACS) Version ibtracs.WP.list.v04r00 
provides information on 6-hourly central locations of the Western North Pacific’s storms, with their  
respective maximum sustained wind speed in conjunction with details such as direction, forward velocity, 
central pressure, etc. It is worth noting that interpolated 3-hourly data are also available. Some measurements 
across different World Meteorological Organization (WMO) Regional Specialized Meteorological Centres 
(RSMC) cannot be directly compared due to varying units. Therefore, we use data from different agencies 
when appropriate.
Typhoons are tropical cyclones that reach a 1-minute sustained wind of 64 knots according to international 
standards. As weaker storms may also be devastating due to the associated extreme rainfall, the results of 
this study should be treated as the lower bound of damage caused by tropical cyclones. We consider wind 
speed data from the U.S. Department of Defense Joint Typhoon Warning Center (JTWC), which are given 
with a 1-min averaging period. We use RSMC Tokyo wind radii at a 30-knot threshold to define if a pixel is 
affected by a typhoon. Figure 13.8 illustrates all the typhoons used for analysis.

Figure 13.8  Typhoon impacts during 1992–2013
Night-time light data come from the Defense Meteorological Satellite Program (DMSP) and have been  
processed for the general public by the National Oceanic and Atmospheric Administration (NOAA), with 
records dating back to 1992 [ Elvidge, 2001 ] and up to 2013. Only pixels in mainland Viet Nam and sizable 
islands are used for analysis. This is since lights at sea may be affected by typhoons differently and come 
from mobile and temporary sources such as oil rigs, fishing boats, etc. On average, for pixels with a large 
value of nightlight intensity, being stricken once in a year leads to a reduction of local economic activities of 
4.6%. Given that a 1% change in NL is approximately equivalent to a 0.633% change in GDP, this corresponds 
to 2.4% GDP loss annually due to typhoon impacts in Viet Nam between 1993–2013. 

[ Box 13.1 ]
Assessing typhoon impacts on GDP using satellite imagery
Global damage caused by typhoons has steadily increased in recent decades [ OFDA, 2010 ], due to a  
combination of accelerated economic development [ Takagi, 2019 ] and ongoing climate change  
[ Stocker et al., 2013 ]. The economic impacts of typhoons have notably been estimated at the global scale  
[ Felbermayr et al., 2018 ], in the US [ Strobl, 2009 ], China [ Elliott et al., 2015 ], and the Philippines [ Blanc and 
Strobl, 2016 ], among others.
We estimate the GDP impact of typhoons in Viet Nam using satellite data as a proxy for localized GDP. We 
avoid using ex-post collected data on damage, deaths, and/or the affected area such as EM-DAT  
[ Noy and Vu, 2010; Thomas et al., 2010; Trung, 2015; Arouri et al., 2015 ], which suffers serious drawbacks: 
reliability, endogeneity, and sample selection bias. In the end, the higher the affected country’s GDP per  
capita, the more likely a disaster with a given natural intensity will be reported. When it comes to  
developing economies such as Viet Nam, this leads to the under-inclusion of events and their spatial extents, 
while overestimating the impact.
Night-time light imagery was adopted to investigate economic activity as early as Croft (1978). It is indeed  
a good proxy for economic activity both at the country [ Chen and Nordhaus, 2011; Henderson et al., 2012 ] 
and subnational levels [ Hodler and Raschky, 2014; Donaldson and Storeygard, 2016 ]. A large volume of  
literature studying the consequences of extreme events has already applied night-time light luminosity 
[ Strobl, 2012; Bertinelli and Strobl, 2013; Elliott et al., 2015; Felbermayr, 2018 ], although never in Viet Nam.  

low resolution
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cally grounded-based perceptions of the natu-
ral environment and a social memory of past 
climate events [ Chapter 2 ]. Although prospec-
tive scenarios provide useful and transparent 
tools for informed strategic discussions, they 
must be put in context, which is the purpose 
of the resolutely trans-disciplinary approach of 
this project.

The macroeconomic simulations we propose 
in this chapter try to tackle the complexities 
of a rapidly developing economy such as 
Viet  Nam. At this stage, they do not capture 
international trade effects. This is the reason 
why we have completed them with a speci-
fic exercise of simulation of the relative im-
pacts of climate change on Viet Nam’s trade 
partners with the hypothesis that the Thirlwall 
law is verified. This gives us a hint over the real-
location effect of activities at the international 
level. These results need to be confirmed by a 
full integration into the main macroeconomic 
model. At this stage also, we do have not cap-
ture reflected the effect on migrations, both 
within and outside Viet Nam, either. In the end, 
we have deliberately admitted that impacts 
and adaptation strategies are also a question 
of governance [ Chapter 12 ] and cooperation 
[ Chapter 8 ], especially for the Mekong region 
[ Chapter 7 ], which might even involve histori-

It should be noted that this assessment takes 
into account some uncertainty on the climate 
side, but not on the socio-economic side, 
where strong non-linearities in the reaction to 
non-marginal climate changes might emerge. 
Some important impacts have not been taken 
into account, such as typhoon impacts, which 
we show independently because their dyna-
mics in relation to climate scenarios is not yet 
clear. 

Figure 13.10 shows a break-down of total di-
rect damage into its sectoral components, 
using the mean value of climate scenarios. 
We found that the greatest direct damage 
from the increasing of VNMST is the impact 
of labor productivity. The economic damage 
on agriculture is relatively small mainly due to 
the Vietnamese economic restructuring in the 
coming years. Indeed, the agriculture share of 
GDP by 2045–2050 tends to decline.

Aggregate direct damage  
function

Based on the sectoral damage functions 
described above, we can build an aggregate  
damage function for the Vietnamese eco-
nomy by applying the different functions to 
the climate scenarios of Chapter 1. Figure 
13.9 gives us a hint of the aggregate direct 
damage in different RCPs, considering the 
uncertainty from the different climate scena-
rios (but not from the socio-economic side). 
It shows that direct damage can reach up  
to a 12% loss in annual GDP relative to the  
baseline scenario in the case of a tempera-
ture increase above 2.5°C. Remaining below a 
temperature increase of 1°C allows for a mini-
mal loss of up to 6% of GDP compared to the 
baseline scenario.

[ Figure 13.9 ]
Estimates of total direct damage under RCPs

Total direct damage to the Vietnamese economy summed across different sectors as a function  
of VNMST change 2020–2099 relative to 1997–2019. Dots indicate the distribution of direct damages 
corresponding to VNMST change in each combination of climate models and scenario projection.  
Black line represents the linear regression of damage values on VNMST change.

[ Figure 13.10 ]
Estimates of total direct damages by sectors

Total direct damage to the Vietnamese economy by different sectors as a function of VNMST change 
2020–2099 relative to 1997–2019 (contemporary climate) and relative to 1851–1900 (pre-industrial 
climate). The temperature of the pre-industrial period is estimated from observation dataset and 
HadCRUT5 (with a coarse resolution of 5°x5°). 
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of discussion around James Tobin (1969). 
The SFC approach relies on two main basic 
principles: accounting consistencies (i)  flow 
consistency, (ii)  stock consistency, (iii)  stock-
flow coherence, and (iv) quadruple entry) and 
post-Keynesian closure/behavioural specifi-
cations, which explain how economic agents 
determine and finance their expenditure, and 
allocate their wealth among different non-fi-
nancial and financial assets (See Figure 13.12). 
In this chapter, we thus use the first empirical 
stock-flow coherent model for the Vietnamese 
economy1. 

modelling the Vietnamese economy, as well as 
policy analysis. They include input-output (I-O) 
models, regression-based econometric mo-
dels, time series models and Computable Ge-
neral Equilibrium (CGE) – an accounting-based 
macroeconomic modelling approach. Howe-
ver, overall, there is a lack of attention paid to 
the financial sector/system in these models. 
Stock-flow consistent (SFC) models, although 
marginalized during the period of the so-called 
great moderation, assume that financial and 
real variables should be integrated together 
within the same framework and analysed 
as a whole in the same model. They are the-
refore best-suited to address the challenges 
posed by the recent crisis. The SFC literature 
has emerged from the post-Keynesian school 
[ Godley and Lavoie, 2007 ], itself a product 

4. Macroeconomic 
impacts 
In this part, we develop the different steps ne-
cessary to evaluate macroeconomic climate 
damage at the national level [ Figure 13.11 ]. 
Indeed, given the complex relations between 
sectors in the economy, climate impacts can-
not be summarized by the sum over the direct 
impacts. As soon as they affect a specific 
sector or economic agent, they disturb the 
whole set of relations within societies, lea-
ding to reallocations in the forms of produc-
tion. Thus, these estimated damage functions 
build on the work done in the second part of 
the report at the sectoral level. In our case, se-
veral climate impact channels are considered: 
how climate change might affect health (from 

Chapter 3), the agricultural sector (from Chap-
ter 4), the energy sector (from Chapter 5) or 
labor productivity and total factor productivity 
(from Chapter 6), while also considering the 
complex dynamics of climate impacts in the 
Mekong region (Chapters 7, 8, 9). They will 
then be implemented within the GEMMES Viet 
Nam macroeconomic model in order to as-
sess the macroeconomic effects of different 
climate change scenarios. 

4.1 An empirical stock-flow  
consistent macroeconomic 
model for Viet Nam  

Vietnamese government institutions, research 
institutes and universities use different types 
of macroeconomic models for forecasting and 

Hydropower 
productionRice fields

Bias Correction and Spatial
Downscaling approach

(BCSD)

SFC macroeconomic
model

Rice yields
Residential
electricity

consumption

Temperature

Agriculture Energy

Number of
workers

Mortality
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Total factor
productivity

[ Figure 13.11 ]
Macroeconomic impacts framework

Macroeconomic impacts from climate change scenarios via different channels in the macroeconomic 
model.

[ Figure 13.12 ]
Circular flow of the economy and balance sheet structure

Transactions of the real economy (in blue) and financial flows (in red) between sectors. Balance sheet  
structure of each sector with assets on the left and liabilities on the right of each institutional sectoral account.

1. The model is fully described in an incoming AFD Working 
Paper. This chapter only highlights its key characteristics and 
presents the main results of the climate impact simulations.
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4.2 Baseline scenario

Firstly, the agricultural contribution to GDP is 
projected to fall during the period 2020–20502. 
The rate of population growth is taken from 
the United Nations population projections for 
Viet Nam. It represents a downward trend. 
The capital depreciation rates are projec- 
ted to remain constant at their current value 
[ IMF, 2018 ]. Due to the large share of informal 
and self-employment in the Vietnamese eco-
nomy and the low level of unemployment in 
the past, we assume that the unemployment 
rate will remain constant at the 2019 value 
[ IMF, 2018 ]. The ratio of public investment to 
GDP, and public current expenditures to GDP 
are respectively 6.8% and 5.9%, taken from 
Viet Nam’s Debt Sustainability Analysis (DSA) 
(IMF, 2018).

Households are impacted by climate change 
through different channels: the number of 
working hours they can dedicate to firms; their 
productivity decreases if they catch an infec-
tious disease; the aggregate mortality rate of 
the population.

The government collects taxes, receives other 
transfers or payments, and then consumes 
and invests. The public deficit can be financed 
by issuing bonds or borrowing from abroad. 
The rest of the world contributes to financing 
the domestic economy through foreign direct 
investment, portfolio investment or foreign 
loans.

The macroeconomic model for Viet Nam is 
estimated using the data from 1996 to 2019. 
We check the model’s performance in replica-
ting past data. Then, we simulate it to create a 
baseline scenario broadly aligned with current 
Vietnamese Green Growth and NDC strategies 
in 2030, as well as the socio-economic deve-
lopment trends of Viet Nam and the world. 

electricity demand and the hydropower sec-
tor. They also affect firms’ productivity in ge-
neral via an impact on total factor productivity.

The State Bank of Viet Nam (SBV) determines 
the refinancing rate as a monetary policy tool, 
provides advances to the commercial banks 
and manages international reserves. The SBV 
does not directly purchase government bonds 
but indirectly from commercial banks (mainly 
in repos contract) if commercial banks are in 
need of liquidity. However, we simplify in our 
model that the central bank buys the bulk of 
remaining government bonds. We assume 
that all the central bank’s profits are trans-
ferred to the government. In 2016, Viet Nam 
changed its exchange mechanism by daily 
determining the central exchange rate and 
allowing commercial banks to transact within 
bands of ±3% of this rate. For the sake of sim-
plicity and following IMF (2019), we consider 
the exchange rate as the result of supply and 
demand of foreign exchange, with an active 
intervention of the central bank to the foreign 
exchange market through reserve stock to 
respond to the evolution of the exchange rate.

Commercial banks provide credits to firms 
and households, but they also impose credit 
rationing on firm and household loans, based 
on loan-to-value (LTV) and debt-to-income 
(DTI) respectively. They decide both the len-
ding rate and the deposit rate based on a 
premium over the central bank’s interest rate. 
Commercial banks also hold part of the go-
vernment’s bonds. 

Households use their disposable income to 
consume, invest and accumulate financial 
assets in the form of deposits, government 
bonds, firms’ equities or other financial as-
sets. Households can also borrow from com-
mercial banks to meet their financing needs. 

Our model is multi-sectoral in order to assess 
the cross-sectoral effects of different types 
of climate impacts. Although a few studies 
have tried to integrate the SFC approach with 
the I-O approach, notably to address environ-
mental issues [ Jackson et al., 2014 ], or ener-
gy issues [ Berg & Hartley & Richters, 2015 ], 
it is among the first empirical multi-sectoral  
models of this sort. 

The macroeconomic specificities of a develo-
ping economy experiencing massive structu-
ral change with a plurality of possible futures 
play a key role in assessing prospective cli-
mate impacts. Indeed, despite rapid econo-
mic growth and transformation, much of Viet 
Nam’s population still depends on agriculture. 
At the same time, a rapidly expanding energy 
sector puts key infrastructure at risk of being 
stranded by changing climates and climate 
policies, while adaptation pathways are facing 
the difficulties of rapid structural change. We 
thus need to make some hypotheses on the 
future structural transformations experienced 
by Viet Nam by mid-century. We also use key 
macroeconomic features from the simple 
open-economy model of Yilmaz and Godin 
(2019), and more generic features from the 
seminal book by Godley & Lavoie (2007).

We assume that there is one single good, 
domestically produced or imported, that can 
be used for intermediate consumption, final 
consumption, export and investment purpo-
ses. It is itself produced using agricultural, en-
ergy and industrial services, and financial and 
government production. Firms decide to pro-
duce based on adaptive expectations. They in-
vest and accumulate physical capital by using 
retained profits, borrowing from banks or 
abroad, issuing equities or attracting foreign 
direct investment. Climate change affects the 
agricultural and energy sectors via rice yields, 

2. Projections are taken from the GDP growth baseline projec-
tion of Vietnam Green Growth Strategy.

[ Table 13.2 ]
Main assumptions for exogenous variables 

 Variables	 Projections

 Sectoral contribution to GDP	 Agriculture (8.7%), Industry (45.6%), Services (45.7%) in 2045

 Population 	 United Nations projections (109 million in 2050)

 Unemployment rate	 2% (Value in 2019)

 Capital depreciation	 Value in 2019

 Public expenditures	 5.9% GDP

 Public investment	 6.8% GDP

Growth rate of world GDP	 SSP’s projections (SSP5)

 Imports of trading partners	 OECD’s projections

 US interest rate	 FED’s forecasts for interest rate
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that the direct damages of one sector in the 
macroeconomic model can be larger or smal-
ler than the corresponding direct damages 
valuation, depending on the sector. The case 
of mortality, it is much smaller in the macroe-
conomic model due to the way of valuation of 
mortality by using VSL. In the case of TFP, the 
macro impact is much larger due to the role 
of TFP in the model, which contributes to the 
production decision, the investment decision. 
Overall, the macroeconomic impacts losses 
are larger than direct damages by around 30%.

4.3 Climate impacts  
at the macroeconomic level 

Figure 13.13 shows the damages within the 
macroeconomic model by decade (2020s, 
2030s, 2040s) in the simulation where all sec-
toral damages (agriculture, energy, labor pro-
ductivity, total factor productivity, mortality) 
are integrated simultaneously. By the 2040s, 
averaged losses ranged between 0.7 and 
10.4% under RCP 4.5 and between 1.7 and 
12.2 % under RCP 8.5.

Then, we consider the climate impacts when 
the model is integrated with damages only in 
the specified sector [ Figure 13.14 ]. We also 
compare macroeconomic adjusted losses 
with direct damage losses. Figure 13.15 shows 

Several variables reflect the dynamics of 
the rest of the world. For the growth rate of 
world GDP, we take the quantitative projec-
tions of the so-called Shared Socioeconomic 
Pathways (SSP5) to facilitate the integrated 
analysis of future climate impacts and adap-
tation policies in the second step of the simu-
lation exercise of the model. The demand for 
real imports by trading partners is based on 
the OECD’s projections. 

Regarding the financial side of the model, we 
follow the most recent behaviour of key va-
riables. We follow the projection of the Federal 
Reserve’s interest rate forecasts for the short 
term and the longer term. 

[ Figure 13.13 ]
Macroeconomic damage as a percentage of GDP loss relative to baseline scenario

Boxes = interquartile range (25th (Q1) and 75th (Q3) percentile); Black line = median value; Dots = outliers 
(maximum = Q3 + 1.5 * interquantile range (IQR: 25th to the 75th percentile), minimum = Q1 + 1.5 *  
interquantile range (IQR: 25th to the 75th percentile). Damage functions (agriculture, energy, labor  
productivity, total factor productivity, mortality) are taken into account. 

[ Figure 13.14 ]
Macroeconomic damage as a percentage of GDP loss relative to baseline scenario by sector

Boxes = interquartile range (25th (Q1) and 75th (Q3) percentile); Black line = median value; Dots = outliers. 
Agriculture, Energy, Labor productivity, Total factor productivity and Mortality are integrated in the  
specified sector and GDP losses when all sectors are considered simultaneously.
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activity in Viet Nam, but also the projected im-
pacts on trading partners and their positions 
relative to Viet Nam.

In this context, we propose to examine how 
trade interrelations are channels through 
which climate impacts are transmitted into 
the Vietnamese economy. With projections on 
the implications of climate change for its main 
trading partners, these interlinked impacts 
labelled “international spillover damage” will 
allow us to measure the effect on Viet Nam’s 
relative competitiveness and long run growth 
rate. To our knowledge, Gassebner et al. (2010) 
and Oh and Reuveny (2010) were the first to 
highlight the significant effects of natural di-
sasters on bilateral flows by using a trade gra-
vity analysis. Although research on the trade 
effect is in its infancy, a multi-country setting 
is still lacking to assess the indirect effects of 
climate change. The OECD (2015) and Dellink 
et al. (2017) embraced climate-related issues 
by providing a DCGE modelling approach to 
climate damage through to 2060. Specifical-
ly, Dellink et al. (2017) used the OECD’s ENV-
Linkages model to explore the long-term im-
pacts of climate change on international trade, 
diving much deeper into the consequences for 
competitiveness, specialization, and changes 
in international trade patterns.

This paper builds on the OECD’s ENV-Linkages 
model simulations to highlight geographic dis-
parities in the indirect consequences of climate 
change. While an aggregated model of the do-
mestic economy is assumed, a multi-country 
setting is required to simulate the effects of cli-
mate damage on the international geography 
of trade. Given that domestic growth depends 
on the growth rate of other countries, it is clear 
that the relative impact in a country compared 
to its trading partners matters more for growth 
predictions than the absolute size of damage.

Thirlwall (1979), this theory broadly appeals 
to external demand-side constraints in explai-
ning long-term growth. It allows us to analyse 
how, and through which transmission chan-
nels, the changing geography of international 
trade resulting from climate damage would 
impact the evolution of Viet Nam’s external 
constraints and growth rates in the long term.

Our analysis on the projected costs of climate 
change is measured in comparison with a ba-
seline scenario absent climate considerations. 
Because of cross-country linkages through bi-
lateral trade, there are two channels through 
which “international damage spillovers” oc-
cur. First, we can easily trace the dynamics 
of partners’ growth in the two alternative sce-
narios (with and without climate damage) to 
project future trends in Viet Nam’s volume of 
exports. Second, since the domestic impact 
of climate change may be heterogeneous 
across countries, there will be a differentiated 
impact on export and import market shares. 
Both terms play a critical role in summarising 
behavioural parameters that are likely to shift 
relative competitive positions.

5.1 Analytical framework

The impact of climate change is likely to vary 
considerably across countries at different levels 
of economic development and trade openness. 
If climate change had homogeneous impacts 
across trading partners and Viet Nam, there 
would be no change in the country’s relative 
competitiveness; but if instead Viet Nam was 
negatively affected by climate damage while 
its trading partners were more severely impac-
ted, then the country’s relative competitiveness 
would be improved. Therefore, we need to un-
derstand not only the impact of climate change 
on potential domestic disruptions of economic 

[ Figure 13.15 ]
Distributions of GDP loss in the macroeconomic model compared with direct damages

Boxes = interquartile range (25th and 75th percentile); Black line = median value; Dots = outliers.

5. Viet Nam’s  
external climate  
constraint under  
the Thirlwall’s law 
stability condition 

Viet Nam is one of the most open economies in 
the world, with trade in merchandise reaching 
196% of GDP in 2018. Yet the country may 
both export to and import from climate-sensi-
tive countries. In the long term, there will be a 
differentiated impact on countries’ export and 
import growth rates, and this impact varies 
over time and across different groups of ex-
porting and importing countries. If we consi-
der the fact that the country is highly open, 
this implies that climate change may indirect-
ly impact Viet Nam’s economy through chan-

ging trade patterns. Because export-oriented 
activity clearly supports the country’s growth, 
we need to address climate-related challen-
ges by taking into account potential “interna-
tional spillover damages”. Ultimately, climate 
change is a global externality, meaning that 
Viet Nam could be further affected by climate 
damage incurred by its trading partners, and 
that an adjustment in trade patterns could in-
crease the burden of climate impacts. By igno-
ring such “international spillover damages”, 
the Vietnamese government may misjudge 
the climate shock on the domestic economy.

Accordingly, the present section aims to mea-
sure the consequences of climate change on 
Viet Nam’s patterns of trade and the related 
competitive position. In that respect, the 
theory of Balance-of-Payments-Constrained 
Growth (BPCG) is a particularly well-suited ap-
proach to our purpose. Originally proposed by 
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areas accounted in 2017 for 90% and 91% res- 
pectively of Viet Nam’s exports in volume and 
imports in value.

Moreover, we rely on Mania et al. (2021) who 
constructed the average growth rates pre-
dicted by the BPCG model for Viet Nam over 
the period from 1990 to 2017. The long-term 
elasticities of bilateral exports and imports 
featuring the BP constraint are used here to 
construct the BPCG rate corresponding to the 
two scenarios, namely: a no-damage baseline 
(with YVN,BP (Baseline) ) and a scenario with cli-
mate damage (denoted YVN,BP (CC) ). The ob-
jective here is twofold: first, we compare both 
predicted rates. If YVN,BP (Baseline) > YVN,BP (CC) , 
this indicates that climate damage will tighten 
Viet Nam’s BP constraint and reflect a dete-
riorating trade position relative to partners 
(and vice-versa). Second, we examine how, 
and through which transmission channels, 
the changing trade patterns resulting from cli-
mate damage would impact the evolution of 
Viet Nam’s external constraint in the long run.

Before going into an analysis of our results, 
it is worth mentioning from Equation A5 that 
three key elements are of interest in com-
paring our predicted BPCG rates. On the 
one hand, climate change will hurt partners’ 
income growth and modify Viet Nam’s vo-
lume of exports (Yj ); on the other hand, the 
domestic impact of climate change in each 
partner j over time will have a differentiated 
impact on Viet Nam’s export (vij ԑij ) and import 
(μij πij ) competitiveness relative to partner  j. 
In our analysis, we consider that change in 
the country’s relative competitiveness arises 
exclusively through change in the related 
export and import market shares (∆vij ∆μij ), 
given that long-term income elasticities are 
unaffected by climate damage (in line with a 
“business-as-usual” benchmark). In addition, 

Assuming its heavy reliance on foreign-based 
determinants, a break-down of Viet Nam’s 
long-term growth into different factors from 
different sources has been undertaken. In that 
respect, we apply a multi-country specification 
of Thirlwall’s law (see Box 13.2). The changing 
geography of international trade can shape the 
evolution of the BP constraint, as the elasticity 
ratio is rooted in different patterns of produc-
tion and trade. Taking into account the BPCG 
model, a country’s long-term predicted growth 
is based on trading partners’ growth on the 
one hand, and on the country’s relative com-
petitiveness on the other. Yet both factors are 
identified as the two key international spillovers 
through which country i may be affected by the 
long-term effect of climate change abroad,  
namely: the changing volume of exports and 
market shares in country i total exports (in  
volume) and total imports (in value).

Applied to Viet Nam, our approach consists 
in evaluating the impact of climate change on 
the BPCG rate, and assumes no mitigation ac-
tions are taken during the period considered. 
To do this, we use data results from Dellink 
et al. (2017), where two scenarios are projec-
ted for 2060: a no-damage baseline which si-
mulates overall change in the world economy 
without taking into account damage caused 
by climate, and another scenario where cli-
mate impacts are integrated into the model3. 
In the implementation of the BPCG model, we 
aggregate the 25  regions considered in the 
OECD’s ENV-Linkages model by selecting ten 
key individual countries or blocks of countries 
that are Viet Nam’s major trading partners. 
Box  13.3 presents the list of partner areas 
and the 11th group will cover the rest of the 
world. In our trade statistics, these ten partner 

[ Box 13.2 ]
A multi-country or disaggregated version of Thirlwall’s law
Thirlwall’s law postulates that the growth rate of an open economy which is consistent with its Balance-of- 
Payments (BP) equilibrium defines the maximum rate that it can reach in the long run [ Thirlwall, 1979 ]. In its 
original version, this growth rate is determined by the ratio of the growth rate of aggregate exports (which is,  
in turn, determined by the exogenously given growth of world income) to the income elasticity of import 
demand. In practice however, an individual country trades with numerous partner countries and each bilateral 
trade relation may have different outcomes. Since the economic growth of a country depends on the growth 
rate of other countries through the BP constraint, this mutual interdependence should be reflected in a model, 
with multilateral trade relations between the individual country and blocks of countries. Accordingly, our  
analytical framework relies on Mania et al. (2021), who apply a multi-country specification initially developed 
by Bagnai et al. (2016).
Let’s assume that a given country i has n trading partners. Equations (A1) and (A2) feature the conventional 
demand functions for imports and exports respectively, and equation (A3) sets an equilibrium condition for 
the BP on the current account as follows:

where Pi are country i export prices, Xij is the real demand of partner j for country i exports, Eij is the bilateral 
nominal exchange rate, Pj are export prices in j, and Mij are country i imports from partner j, Ψij > 0 and πij > 0  
are respectively the price and income elasticities of country i imports from partner j, ηij > 0 and  єij >0 are 
respectively the price and income elasticities of country i exports to partner j.
Taking the growth rates in (A4) we obtain (where dots denote the growth rates):

With:

νij and μij are respectively the market shares of partner j in country i total exports (in volume) and in country  
i total imports (in value).
Solving for the growth rate of country i and assuming that relative prices are not trending (namely, the ratio 
of domestic to foreign prices expressed in domestic currency), we obtain a multi-country or disaggregated 
version of Thirlwall’s law:

It defines the maximum growth rate (also the BPCG rate) that an economy i can reach in the long run. In  
our disaggregated law, the numerator features a volume effect (a weighted sum of real export growth where 
export market shares intertwine with the income elasticities to magnify partners’ income growth). The  
denominator instead features an “appetite for imports” (a sum of bilateral income elasticities of imports 
weighted by the corresponding market shares).

3. See Dellink et al. (2017) for a description of the model and 
damage that is taken into account.

(A1)

(A2)

(A3)

(A4)

(A5)
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constraint tightening (shown in the last line of 
Table 13.4), which allows us to gauge the rela-
tive importance of the different mechanisms 
at work. We observe that the deterioration in 
the BP constraint is accounted for at 34.8% 
by the negative impact of climate damage on 
partners’ growth (mainly China and the USA), 
at 37% by a reduction in export market shares 
(particularly vis-à-vis the USA and EU28) and 
at 28.1% by Viet Nam’s import market shares. 
Unsurprisingly, all trading partners’ growth will 
be negatively affected by climate change, and 
this explains Vietam’s BP constraint develop-
ment. But this channel intertwines with the ex-
port market share effect to magnify the tighte-
ning. When looking at the import market share 
effect, a contrasting picture emerges between 
China (whose share in Viet Nam’s total im-
ports is diminishing) and India with South 
Korea (whose growing shares in Vietnimports 
reflect deterioration in the country’s relative 
competitiveness).

If instead we aggregate over the three effects, 
we get the decomposition by partner area  
(reported in the last column of Table 13.4). 
Another contrasting picture is revealed 
between China on the one hand, and India and 
the US on the other hand. Indeed, climate-in-
duced damage leads to improving Viet Nam’s 
competitiveness relative to the former (it 
should be recalled that China is the country’s 

constraint between the two scenarios. By de-
composing the Equation (A5) down linearly 
through a Taylor series expansion, it is pos-
sible to disaggregate the BP constraint deve-
lopment into three components:

i) A partner growth effect. Climate change 
will hurt partners’ income growth and by mo-
difying Viet Nam’s volume of exports, it will 
subsequently affect the external constraint. A 
positive sign associated with this component 
explains the tightening of the BP constraint.

ii) An export market share effect. When cli-
mate change increases the relative size of 
Viet Nam’s volume of exports on partner 
j market, it will reflect improvement in the 
country’s relative competitiveness and soften 
the constraint tightening. This favorable effect 
is then associated with a negative sign.

iii) An import market share effect. When cli-
mate change increases the relative size of 
Viet Nam’s import value from partner j, it will 
reflect deterioration in the country’s relative 
competitiveness on its domestic market. The 
unfavorable effect explains the tightening of 
the BP constraint and is therefore associated 
with a positive sign.

By aggregating over partner areas, we get 
the decomposition by effect of the overall BP 

This overall impact is reflected in a 0.13 point 
reduction in the average growth rate over the 
period 2020–2060 (i.e. a 2.5% reduction). 
Note that the climate-induced impact on Viet 
Nam’s BPCG rate is non-linear, as the decline 
is deeper in the second sub-period (-3.2% 
vs -2.1%). The gap is not excessively large  
because, as growth is a cumulative process, 
the reductions in GDP levels as a result of cli-
mate change translate into small reductions 
in average annual GDP growth rates over the 
simulation period. In order to capture the scale 
and implications of this gap, it can be evaluated 
that if Viet Nam’s actual future growth rates 
matched the BPCG predicted ones, the fractio-
nal loss would be 4.84% of GDP in 20604. 

Viet Nam’s competitiveness in relation  
to its main partners

What is now interesting is to analyse the 
contribution of each explanatory variable 
and partner area to the tightening of the BP 

the multi-country setting cannot be decom-
posed in bilateral terms, i.e. we cannot define 
something as a “BoP-constrained-by-partner-
j-growth rate”. However, it allows us to assess 
separately the contribution of each partner 
j’s variable to changes in the aggregate BP 
constraint. Therefore, our multi-country ver-
sion will allow us to break down the overall im-
pact in relation to the evolution of Viet Nam’s 
trade position vis-à-vis each partner j.

5.2 The impact of climate 
change on Viet Nam’s  
international trade position

A global assessment

In this subsection, we first compare the  
average growth rates predicted by our disag-
gregated law in the two scenarios. Table 13.3 
shows our results over the period 2020–
2060, and separately for the two sub-periods 
2020–2040 and 2040–2060. We observe that  
YVN,BP (Baseline) > YVN,BP (CC) whatever the time 
span considered. Thus, climate change leads 
to a tightening of Viet Nam’s BP constraint. 

[ Box 13.3 ]
Viet Nam’s trading partner group
CHN	 China (including Hong-Kong, SAR)
JPN	 Japan
KOR	 Rep. of Korea
IND	 India
USA	 United States of America
RoA	 Rest of Asia
OTPP-HI	 Other Trans-Pacific Partnership-High Income countries (Australia, Canada, New Zealand)
EU-28	 European Union
AFR	 Africa
LA	 Latin America
RoW	 Rest of the World.

[ Table 13.3 ]
Viet Nam’s BPCG rates by sub-periods, with and without climate damage 

  	 YVN,BP (Baseline)	 YVN,BP (CC) 	 Difference in percentage

 2020–2060	 5,13%	 5,00%	 -2.5%

 2020–2040	 6,17%	 6,04%	 -2.1%

 2040–2060	 4,11%	 3,98%	 -3.2%

4. In 2060, the loss attributed to climate change would be 
equal to
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BP constraint, these outcomes result from  
the composition of very different individual 
behaviors.

may indirectly impact Viet Nam’s economy 
through changing trade patterns. By looking 
simply at predicted changes in the country’s 

pact of climate damage on Viet Nam’s long-
term growth (-31.3% as shown in the first line, 
last column) because of a joint increase in the 
export market share and decrease in the import 
market share (i.e. improvement in Viet Nam’s 
relative competitiveness with respect to this 
partner). In contrast, because the US is the se-
cond leading individual market for Viet Nam’s 
exports, the unfavourable evolution of the bi-
lateral export market share deeply affects the 
BPCG rate in the climate damage scenario. It 
reveals that Viet Nam would lose competitive-
ness vis-à-vis its competitors in the US market.

All in all, our decomposition exercise clearly 
shows that international damage spillovers 

main trading partner), while the opposite oc-
curs in relation to the US and India.

Putting all the information together by cros-
sing the partner/effect level, we observe that 
the largest positive effects (i.e. main explana-
tions for the overall tightening of Viet Nam’s BP 
constraint) are the export market share effect 
relative to the US (30.7%) and EU28 (21.6%), 
and the import market share effect relative to 
India (25.5%) and South Korea (22.4%). Sym-
metrically, a sizable negative effect (i.e. main 
explanation in mitigating the overall tighte-
ning) is the import (-30.6%) and export (-13.3%) 
market share effect relative to China. In other 
words, China contributes to alleviating the im-

[ Table 13.4 ]
A full breakdown of the overall decrease in Viet Nam’s BPCG rate by effect and by partner area (in %) 

  	 Partner 	 Export market	 Import market	 Total
	 growth	 share	 share	 by area

 CHN	 12,7	 -13,3	 -30,6	 -31,3

 JPN	 -0,1	 6,6	 6,6	 13,1

 KOR	 0,8	 -4,8	 22,4	 18,4

 IND	 3,2	 4,6	 25,5	 33,2

 RoA	 3,7	 -7,0	 9,7	 6,4

 USA	 6,1	 30,7	 4,1	 40,9

 OTTP-HI	 0,0	 -2,2	 2,4	 0,2

 EUR28	 2,1	 21,6	 -4,8	 18,8

 AFR	 1,1	 0,8	 -3,8	 -1,9

 LA	 2,5	 6,4	 2,6	 11,5

 RoW	 2,7	 -6,2	 -5,9	 -9,3

 Total by effect	 34,8	 37,0	 28,1	 100,0

Table 13.4 presents the result of our linear decomposition by effect and by partner area. To get  
a better understanding of their relative weights, the contributions of each effect and partner area are expressed as 
a percentage of the overall decrease in the predicted growth rate YVN,BP (CC).

This national estimate is built using the first 
empirical stock-flow coherent macroecono-
mic model of the Vietnamese economy. In 
that sense, growth is demand-driven, while 
production capacities are affected by the di-
rect impacts of temperature increases on agri-
culture, energy, labour productivity and health 
(mortality and infectious diseases), and by the 
indirect impacts of sea-level rise and typhoons 
on capital stock and agriculture. This estimate 
will certainly not be the last, as multiple known 
sectors of the Vietnamese economy for which 
no suitable studies exist have been omitted 
from the analysis so far. We could mention the 
impacts of climate change on tourism, forestry 
management, aquaculture and fisheries, the in-
formal sector, and biodiversity losses, to name 
a few. We will complete the work in some of 
those directions over the remaining duration of 
the project. But more generally, the GEMMES 
Viet Nam architecture is designed to be open 
to contributions from rigorous future studies, 
which would quantify climate impacts in these 
“missing sectors”. Our approach therefore al-
lows for updates based on new econometric/
sectoral modelling results or climate model 
projections.

The macroeconomic simulations we propose 
in this chapter try to tackle the complexities 
of a rapidly developing economy such as Viet 
Nam. At this stage, they do not capture inter-
national trade effects. This is the reason why 
we have completed them with a specific exer-
cise of simulation of the relative impacts of 
climate change on Viet Nam’s trade partners 
with the hypothesis that the Thirlwall law is 

6. Conclusion 

6.1 Main results 

Our results provide a new economy-wide as-
sessment of the social and economic effects 
of climate change on the Vietnamese eco-
nomy as a whole, using an integrated macroe-
conomic framework and based on empirical 
analyses of climate impacts and available 
regional and global climate models. Sum- 
ming across sectoral direct impacts as a func-
tion of VNMST change 2020–2099 relative to 
1997–2019, we found that expected annual 
GDP loss reaches 6% relative to the baseline 
scenario at +1°C of warming. Integrating sec-
toral damage function within the stock-flow 
consistent model of the Vietnamese economy, 
by 2050, averaged losses ranged between 0.7 
and 10.4 % under RCP 4.5 and between 1.7 
and 12.2 % under RCP 8.5. In addition, we esti-
mate the annual GDP losses due to typhoons 
in the period 1992-2013 at 2.4%. Uncertainties 
remain about the future impacts of typhoons 
combined with climate change scenarios.

Finally, because export-oriented activity clear-
ly supports the country’s growth, we specifi-
cally account for the potential international 
damage spillovers that may be incurred by 
changing trade patterns. Evidence is given 
that climate change through international 
damage spillovers is expected to reduce Viet 
Nam’s long-run growth rate over the next 
40 years.
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ficant in some sectors such as agriculture or 
energy or can impact across sectors through 
labor productivity or total factor productivity 
loss. Therefore, climate change adaptation 
will be more effective if it is mainstreamed into 
master plans. Viet Nam is at the beginning of 
master planning for the period of 2021–2030 
and vision to 2050. All master plans, ranging 
from national to sectoral, regional and provin-
cial master plans are currently being drafted. 
The climate change impacts should be taken 
into account in these plans. Although this has 
been regulated in the new Environmental Pro-
tection Law, the guidance for this mainstrea-
ming needs to be made available soon to be in 
line with the master planning process.     

Third, agriculture and energy sectors are 
the sectors which have potential for green 
house gas mitigation as shown in Viet Nam’s 
NDC. This suggests a possibility to combine 
between mitigation and adaptation measures 
of these two sectors in order to better mobi-
lize financial resources.

Fourth, as shown in this chapter, climate 
change is expected to reduce Viet Nam’s 
long-term growth rate over the next decades 
through “international spillover damages”. In 
this regard, the Ministry of Industry and Trade 
of Viet Nam is assigned to prepare a report 
in 2022 to assess the international trade po-
licies, technical barriers related to climate 
change and propose response solutions. The 
“international spillover damages” identified 
in this chapter should be taken into account 
carefully in this report in order to lead to re-
levant measures to mitigate the negative im-
pacts of trade.

during 2021–20230 and become an industria-
lized country by 2045. This urges Viet Nam to 
pay more attention to climate change adapta-
tion strategy in order to improve resilience, mi-
tigate possible negative impacts and achieve 
the country’s development targets. Viet Nam is 
currently quite active in responding to climate 
change. 

The recently revised Environmental Protection 
Law, unlike the previous version, dedicates a 
separate article on climate change adaptation 
with concrete regulations on climate change 
impact assessment, adaptation activities, mo-
nitoring and responsibilities. In the National 
Adaptation Plan during 2021–2030, a vision 
to 2050, Viet Nam is preparing for a separate 
Law on Climate Change. These provide a basic 
framework for planning, designing and imple-
menting climate adaptation. The macroecono-
mic simulation results in this chapter suggest 
some policy recommendations on more effec-
tive adaptation: 

First, adaptation strategies should be designed 
in a way to combine both bottom-up and top-
down approaches. The bottom-up approach 
has been widely applied in Viet Nam and has 
helped to identify the climate change impacts 
on specific sectors or areas and then formulate 
the relevant adaptation activities accordingly. 
The top-down approach on the other hand 
will allow us to take into account the climate 
change aggregate effects of multi-sectors and 
help to prioritize resources for more effective 
adaptation strategies. Measuring aggregate 
impacts through an integrated modelling 
framework in this chapter is an example of 
such a combination approach and should be 
followed up and improved overtime.

Second, as pointed out in the chapter, the eco-
nomic damage of climate change can be signi-

we can already obtain sectoral estimates of 
specific adaptation strategies or costs, and 
how much they have allowed to mitigate sec-
toral damage in the past. This has been done 
specifically in the case of agriculture and 
health and will be expanded beyond them in 
a future stage of the project, although there 
might well be thresholds of climate changes 
beyond which certain adaptations might be 
less effective. 

Good adaptation strategies in the future also 
depend on the incorporation of no-regret si-
tuations in the face of unexpected climate si-
tuations. In this regard, the full assessment of 
climate uncertainties calls for dynamic adap-
tive policy pathways, which would strengthen 
the resilience of physical assets. A recent stu-
dy by Dabbla-Norris et al. (2021) estimates 
the costs of both upgrading new projects and 
retrofitting existing assets for a number of 
countries in the Asia-Pacific region. Upgrading 
new investment projects involves choices in  
design and materials: for example, new roads 
could incorporate drainage to sustain heavier 
rainfall, or be built on more-elevated terrain 
to reduce risk of flooding. Retrofitting exis-
ting assets involves modifying existing capi-
tal stock exposed to natural hazards, and as 
such is typically much more expensive. It is 
thus essential to be able to build this dynamic 
adaptive policy design to minimize costly re-
trofitting strategies, especially in the Mekong 
Delta, as illustrated in Chapters 9 and 10.

Policy implications
Even if not all effects have been accounted 
for, the loss could possibly reach up to about 
12.2% GDP relative to the baseline scenario by 
2050 under RCP8.5. This could prevent Viet 
Nam from achieving her development target 
which is set at about 7% GDP growth annually 

verified. This gives us a hint over the reallo-
cation effect of activities at the international 
level. These results need to be confirmed by a 
full integration into the main macroeconomic 
model. At this stage also, we do have not cap-
ture reflected the effect on migrations, both 
within and outside Viet Nam, either. In the end, 
we have deliberately admitted that impacts 
and adaptation strategies are also a question 
of governance [ Chapter 12 ] and cooperation 
[ Chapter 8 ], especially for the Mekong delta 
region [ Chapter 7 ], which might even involve 
historically grounded-based perceptions of 
the natural environment and a social memory 
of past climate events [ Chapter 2 ]. Although 
prospective scenarios provide useful and 
transparent tools for informed strategic dis-
cussions, they must be put in context, which 
is the purpose of the resolutely trans-discipli-
nary approach of this project.

Integrating adaptation
Adaptation has been only partially treated in 
this intermediary report, at least in quantitative 
terms. The different field studies and models 
from Chapters 10 and 11 have shown how 
complex and multifaceted adaptation could 
be on the ground. Chapter 12 has investigated 
the financial aspect of adaptation projects and  
underscored the lack of consistent data, as well 
as the difficulties in tracing adaptation finan-
cing throughout the budgeting process. These 
difficulties make it hard to implement adapta-
tion pathways in an empirically consistent way 
within a macroeconomic model. 

However, because the empirical results that 
we use describe how populations have res-
ponded to climatic conditions in the past, our 
damage estimates capture numerous forms 
of adaptation to the extent that populations 
have previously employed them. In that way, 

CHAPTER 13 I THE MACROECONOMICS OF CLIMATE CHANGE AND ADAPTATION IN VIET NAM    PART 4 I MACROECONOMICS OF CLIMATE IMPACTS AND ADAPTATION564 I I 565



International Labour Organization (2019). Working on a warmer planet: The impact of heat stress on labour 
productivity and decent work.

International Labour Organization (2016). Climate Change and Labour: impacts of heat in the workplace.

International Monetary Fund (2018). Vietnam: Selected Issues. IMF Staff Country Reports 18/216.

Godley and Lavoie. (2007). Monetary Economics An Integrated Approach to Credit, Money, Income,  
Production and Wealth. Palgrave MacMillan.

Keen, A. et al. (2021). An inter-comparison of the mass budget of the Arctic sea ice in CMIP6 models.  
Cryosphere 15, 951–982.

Kontgis, C. et al. (2019). Climate change impacts on rice productivity in the Mekong River Delta. Applied  
Geography 102:71-83.

Kjellstrom, T. et al. (2013). Mapping occupational heat exposure and effects in South-East Asia: ongoing time 
trends 1980–2011 and future estimates to 2050. Ind Health. 2013;51(1):56-67.

Kjellstrom et al. (2014) Occupational Heat Stress Contribution to WHO project on “Global assessment of  
the health impacts of climate change”.

Letta, Marco and Tol, Richard, (2016), Weather, climate and total factor productivity, Working Paper Series, 
Department of Economics, University of Sussex Business School.

Li, S., Wang, Q., & Chun, J. A. (2017). Impact assessment of climate change on rice productivity in the  
Indochinese Peninsula using a regional-scale crop model. International Journal of Climatology, 37, 1147-1160.

Mania, E., Rieber, A. and Tran, T.A.D. (2021). “Viet Nam’s trade-led growth, balance of payments and macro  
resilience”. Conference paper for the Second Workshop of the Growth Models in the Global South Studies 
Network: “Implications of Post-Keynesian Economics for the Study of Growth Models in the Global North  
and South: Theoretical and Methodological Challenges”, September 9, 2021.

McMichael, A. (2004). Environmental and Social Influences on Emerging Infectious Diseases: Past, Present  
and Future. Philosophical Transactions: Biological Sciences, 359(1447), 1049-1058.

Medlin, C.A., M. Chowdhury, D.T. Jamison and A.R. Measham (2006). Improving the Health of Populations:  
Lessons of Experience’ in D.T. Jamison, J.G. Breman, A.R. Measham, G. Alleyne, M. Claeson, D.B. Evans, P. Jha, 
A. Mills and P. Musgrove (eds.), Disease Control Priorities in Developing Countries, 2nd ed., Oxford University 
Press, Oxford.

Minderhoud, P. et al (2020). Groundwater extraction may drown mega-delta: projections of extraction-induced 
subsidence and elevation of the Mekong delta for the 21st century. Environ. Res. Commun., vol. 2, no. 1, p. 11005.

Moore, F., Diaz, D. (2015). Temperature impacts on economic growth warrant stringent mitigation policy.  
Nature Clim Change 5, p.127–131. 

Moyer, E.J. et al. (2014). Climate Impacts on Economic Growth as Drivers of Uncertainty in the Social Cost  
of Carbon. The Journal of Legal Studies 43, no. 2.

Perera, A.T.D., Nik, V.M., Chen, D. et al. (2020). Quantifying the impacts of climate change and extreme climate 
events on energy systems. Nat Energy 5, 150–159. 

References
ADB. (2013). Vietnam: Environment and climate change assessment. Mandaluyong City, Philippines: Asian 
Development Bank (ADB).

Arndt, C., Tarp, F., & Thurlow, J. (2015). The economic costs of climate change: A multi-sector impact  
assessment for Vietnam. Sustainability, 7(4), 4131-4145. Available at: https://doi.org/10.3390/su7044131.

Auffhammer, Maximilian and Mansur, Erin, (2014), Measuring climatic impacts on energy consumption:  
A review of the empirical literature, Energy Economics, 46, issue C, p. 522-530.

Bagnai, A., Rieber, A. and Tran, T.A.D. (2016). “Sub-Saharan Africa’s growth, South-South trade and the  
generalized Balance-of-payment constraint”. Cambridge Journal of Economics, 40(3), 797-820.

Ciscar, J., and Dowling, P. (2014). Integrated assessment of climate impacts and adaptation in the energy  
sector. Energy Economics 46 (2014), p.531–538.

Dao et al.(2013). Heat Stress and Adaptive Capacity of Low-income Outdoor Workers and their Families in  
the City of Da Nang, Vietnam. Asian Cities Climate Resilience Working Paper Series 3:2013.

Deb et al.(2015). Assessment of the impacts of climate change and brackish irrigation water on rice productivity 
and evaluation of adaptation measures in Ca Mau province, Vietnam. Theoretical and Applied Climatology.

Dell, M. et al. (2012). Temperature Shocks and Economic Growth: Evidence from the Last Half Century.  
American Economic Journal: Macroeconomics, 4 (3): 66-95.

Dellink, R., Hwang, H., Lanzi, E. and Chateau, J. (2017). International trade consequences of climate change, 
OECD Trade and Environment Working Papers 2017/01, Paris: OECD Publishing.

Dietz, S. and Stern, N. (2015). Endogenous Growth, Convexity of Damage and Climate Risk: How Nordhaus’ 
Framework Supports Deep Cuts in Carbon Emissions, Economic Journal, issue 583, p. 574-620.

EM-DAT, C. (2010). The ofda/cred international disaster database.Université catholique.

Escobar, C. et al. (2019). Reviewing Vietnam’s nationally determined contribution: A new perspective using  
the marginal cost of abatement. Frontiers in Sustainable Food Systems, 3, 14. Available at:  
https://doi.org/10.3389/fsufs.2019.00014

Federal Reserve (2021), Summary of Economic Projections. Available at:  
https://www.federalreserve.gov/monetarypolicy/files/fomcprojtabl20210616.pdf

Gasparrini, A. et al. (2017). Projections of temperature-related excess mortality under climate change  
scenarios. Lancet Planet Health, p.360-367.

Gassebner, M., Keck, A. and Teh R. (2010). Shaken, not stirred: the impact of disasters on international trade, 
Review of International Economics, 18 (2):351–368.

Gebretsadik, Y., Fant, C., & Strzepek, K. (2012). Impact of climate change on irrigation, crops, and hydropower 
in Vietnam (No. 2012/79). WIDER Working Paper.

Guo, Y. et al. (2018). Quantifying excess deaths related to heatwaves under climate change scenarios:  
A multicountry time series modelling study. PLoS Med 15(7): e1002629.

Hsiang, S. et al. (2017). Estimating economic damage from climate change in the United States. Science. 356. 
1362-1369.

CHAPTER 13 I THE MACROECONOMICS OF CLIMATE CHANGE AND ADAPTATION IN VIET NAM    PART 4 I MACROECONOMICS OF CLIMATE IMPACTS AND ADAPTATION566 I I 567



OECD (2015). The Economic Consequences of Climate Change. Paris: OECD Publishing.

Oh, C. and R. Reuveny (2010). Climatic natural disasters, political risk, and international trade, Global  
Environmental Change, 20(2), p.243–254.

Ohno, E. et al. (2012). Measurement of Value of Statistical Life by Evaluating Diarrhea Mortality Risk due to 
Water Pollution in Laos and Vietnam, 52nd Congress of the European Regional Science Association: “Regions  
in Motion - Breaking the Path”, 21–25 August 2012, Bratislava, Slovakia, European Regional Science  
Association (ERSA), Louvain-la-Neuve. 

Opitz-Stapleton, S., & Hawley, K. (2014). Da Nang, Vietnam: Heat Stress and Climate Change. Boulder, CO: 
Institute for Social and Environmental Transition-International.

Orlov, A et al. (2020). Economic costs of heat-induced reductions in worker productivity due to global warming. 
Global Environmental Change. 63.

Rocque, R. et al. (2021). Health effects of climate change: an overview of systematic reviews. BMJ Open 2021.

Shrestha, S. et al. (2016). Adaptation strategies for rice cultivation under climate change in Central Vietnam. 
Mitigation and Adaptation Strategies for Global Change, Springer, vol. 21(1), pages 15-37, January.

Thirlwall, A.P. (1979). The Balance of Payments Constraint as an Explanation of International Growth Rate 
Differences. Banca Nazionale del Lavoro Quarterly Review, 128, 45-53.

Tobin, J. (1969). A general equilibrium approach to monetary theory. Journal of Money, Credit and Banking, 
1(1), p.15–29.

Tol, R. et al. (2007). Infectious disease, development, and climate change: A scenario analysis. Environment 
and Development Economics, 12(5), p.687-706.

Kjellstrom, T. et al. (2009) The Direct Impact of Climate Change on Regional Labor Productivity, Archives  
of Environmental & Occupational Health, 64:4, 217-227.

Vicedo-Cabrera, A.M., Guo, Y., Sera, F. et al. (2018). Temperature-related mortality impacts under and beyond 
Paris Agreement climate change scenarios. Climatic Change 150, p.391–402. 

World Bank (2011), Vulnerability, Risk Reduction, and Adaptation to Climate change Vietnam, Report.

World Health Organization (2014). Quantitative risk assessment of the effects of climate change on selected 
causes of death, 2030s and 2050s.

Yu, B., Zhu, T., Breisinger, C., & Hai, N. M. (2010). Impacts of climate change on agriculture and policy options 
for adaptation. International Food Policy Research Institute (IFPRI).

Yalew, S et al. (2020). Impacts of climate change on energy systems in global and regional scenarios. Nature 
Energy. 5. 10.1038/s41560-020-0664-z.

CHAPTER 13 I THE MACROECONOMICS OF CLIMATE CHANGE AND ADAPTATION IN VIET NAM    PART 4 I MACROECONOMICS OF CLIMATE IMPACTS AND ADAPTATION568 I I 569


