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Abstract — Tra Vinh Province is an important
agricultural production area of the Mekong Delta
in Viet Nam, but its economic development is
being heavily affected by climate change. In this
study, a set of 14 quotas with the Delphi method
were used to assess the climate change adaptabil-
ity of 24 livelihood models (horticulture, animal
husbandry, and aquaculture models) in Tra Vinh
Province to find livelihood models with the great-
est adaptability. The adaptability was calculated
using relevant parameters including weighted
scores, raw data points, and mean points of
each model. Calculations show that two models
have great adaptability (CNOI1 and TS14), twenty
models have relatively pretty good adaptability
(CNO1, CNO3, TS02, TS03, TSOS5, TS06, TSO7,
TS08, TS09, TSI10, TSI11, TSi12, TS13, TSI4,
TS15, TS16, TTO1, TT02, TTO3, TT04 and TT05),
two models have average adaptability (TS04 and
TS01), and no models have low adaptability.
These two successful models can be applied to
farmers in Tra Vinh Province but attention needs
to be paid to economic issues such as capital
or market. These twenty good adaptive and two
average adaptability models should be improved
for future applications.

Keywords: adaptability, climate change, liveli-
hood, Tra Vinh Province.

I. INTRODUCTION

Climate change is expected to affect crop
and livestock production, water balance, input
supplies, and other components of agricultural
systems [1]. However, the nature of these bio-
physical effects and the human responses to them
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are complex and uncertain. Agriculture is one
of the sectors that plays an important role in
providing food - locally and for export - therefore,
they are most affected by climate change [2].
Furthermore, Viet Nam is one of the countries
that has been severely impacted from climate
change during recent decades [3].

The Vietnamese Mekong Delta (VMD) is a
major producer and supplier of agricultural prod-
ucts for consumption and export, therefore agri-
cultural productions and services become the
main livelihood source for people in the VMD
[4]. However, this region is most heavily affected
by climate change due to low elevation, with a
coast of more than 600 km - often influenced
by two different types of tide; from the East Sea
(irregular semidiurnal tide) and the West Sea (ir-
regular tide) - creating an extremely complicated
hydrological regime [5].

The following prediction has been made that if
the tide rises by 75 cm, 19% of the Mekong Delta
will be flooded, additionally if sea levels rise 1
meter by 2100, 38% of the VMD will be flooded,
almost 35% of the population, 4% of the railway
system, 9% of the national highway and 12% of
provincial highway will be affected [6]. Due to
such geographical characteristics, the VMD will
be adversely affected by climate change.

As Tra Vinh Province is located in the South-
ern coastal area of the VMD, which has flat
terrain, and converging rivers meeting the sea,
popular elevation from 0.1 — 1 m accounts for
66% of the natural area, it has potential land
for agriculture and aquaculture that is relatively
large. Therefore, Tra Vinh Province is one of 10
Provinces which will be most severely affected by
climate change in the VMD, if the sea level rises
1 m. The total flooded area can be estimated up to
21.3%, which will heavily affected the Province’s
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agricultural production [7].

With the manifestations of climate change
such as high temperature, prolonged drought,
saline intrusion, high tides, and winds; Tra Vinh
Province’s economy will be facing risks when the
sea level is increasing day by day, specifically
in agriculture, fishing, fresh water supply, small
production, retail trade, and tourism [8]. Each
manufacturing industry will be differently ef-
fected by climate change, particularly, cultivation
sectors leading to loss of cultivated land, reduc-
ing agricultural yield and quality and increasing
the risk of diseases. Breeding activities are also
affected by saline water intrusion, alum pollution,
fresh water scarcity, with aquacultural activities
frequently affected by weather and natural dis-
asters. This is including but not limited to ris-
ing sea levels coupled with rising temperatures,
storms, large waves, high tides and other extreme
weather phenomena [9]. According to Hao et al.
[3], the results of applying a set of assessment
quotas for climate change show that the level
of awareness, skills, and experiences of climate
change adaptation of households being low, the
ability to access infrastructure, facilitate changes
in livelihoods, and the policies from the local
government are the factors that influence mastery
of climate change at a household level. This study
aimed to evaluate the climate change adaptability
of some livelihood models in horticulture, animal
husbandry, and aquaculture, and statistically ana-
lyze the differences in the ability of these models
to adapt in Tra Vinh Province in the context of
climate change.

II. MATERIALS AND METHODS

A. Data collection

To collect relative data from related studies,
a review of documents and reports on natural
and socio-economic conditions, and published
journal papers which were related to Tra Vinh
Province, was conducted. The primary data was
collected through interviews and field surveys
about conditions around agricultural areas, and
an assessment of the impacts of natural elements
on agricultural production. The interviews mainly
focused on the farmers personal information (ed-
ucational level, age, number of people in house-

69

KHOA HOC CONG NGHE - MOI TRUGNG

hold, income, and so on), and parameters to
evaluate the models’ ability to adapt to climate
change which meet the criteria of Table 1. The
content of the interview questionnaires was based
on relevant criteria in Table 1, each has an index
and each was evaluated and scored by a number
of different questions (scale from 1 to 5) [3].
There were 100 interviewed households for all
models whom the Mekong Delta Climate Change
Adaptation Project (AMD Tra Vinh Project) has
selected to implement 24 models with the total
area is 24.47 ha.

This study was conducted based on secondary
data from the AMD Tra Vinh project and primary
data from interviews with those households. In
this research, 24 livelihood models were imple-
mented and investigated in Chau Thanh (CT),
Cang Long (CL), Cau Ke (CK), Tra Cu (TR),
Duyen Hai (DH), Cau Ngang (CA) and Tieu
Can (TC) District of Tra Vinh Province, which
are Egyptian chicken (Fayoumi) farming spe-
cializing in eggs (was coded as CNO1), Binh
Dinh chicken (Gallus gallus) farming (CNO02),
Egyptian chicken (Fayoumi) farm drop garden
(CNO3), Rearing Chinese Pangasid-catfish (Pan-
gasius krempfi) (TS01), Rearing trionychid turtle
(Trionychidae) (TS02), Rearing featherback fish
(Notopterus notopterus) combined with snake-
skin gourami (Trichogaster pectoralis) (TS03),
Rearing golden catfish (Clarias macrocephalus)
model (TS04), Rearing South trionychidae tur-
tle (Amyda cartilaginea) (TS05), Farming crab
(Somanniathelphusa sinensis) in shrimp ponds
(TS06), Rearing commercial frogs (Hoplobatra-
chus rugulosus) in a combination of mixed fish
(TSO7), Rearing blood cockles (Anadara gra-
nosa) on the river under the canopy of man-
groves (TS08), Rearing giant freshwater prawn
(Anadara granosa) in 2 stages (TS09), Semi-
intensive giant freshwater shrimp (Anadara gra-
nosa) in ponds (TS10), Rearing giant freshwa-
ter shrimp (Anadara granosa) in male snake-
head fish (Channa maculata) ponds (TS11),
Raising tiger prawns (Penaecus monodon) with
milkfish (Luciocyprinus) (TS12), Rearing mud
clams (Geloina coaxans) on riverbank alluvial
grounds (TS13), Farming mud clam (Geloina
coaxans) under the forest canopy (TS14), Rearing
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featherback fish (Notopterus notopterus) (TS15),
Breeding male giant freshwater shrimp (Anadara
granosa) according to the press the cray method
and spreading the net (TS16), New peanut
(Arachis hypogaea) variety test (TTO1), Japanese
purple sweet potato (Ipomoea batatas) (TT02),
Growing mung beans (Vigna radiata) on ineffi-
cient rice land (TTO03), Planting green asparagus
(Asparagus officinalis) (TT04), and Producing
vegetables in a safe way (TTO05).

According to Thang [10], each criteria and
each quota has different scores, the calculation
was based on the number of the question of
that quota, including (1) Adaptability of each
model has a maximum of 75 points, including 5
quotas, each quota has 15 points; (2) Economic
efficiency of a model has a maximum of 8 points,
including 2 quotas, each one has 4 points; (3)
Social efficiency of a model has a maximum of
9 points, including 3 quotas, 3 points for each
one; and, (4) Environment efficiency a of model
has a maximum of 8 points, including 4 quotas,
wherein each quotas has 32 points.

B. Calculation methods

The calculation of scores, which was used for
ranging models, was carried out according to the
following steps:

- Step 1 - converting scores for all quotas in
the set of criteria: Since each one had a different
number and score; the points of the interview
questions were converted into common points of
each index.

- Step 2 - calculating the weighted scores
(w;) of each quota: For each evaluation quota,
there would be a different level of assessment
of climate change adaptability of each model
- whichever is higher the weighted scores will
have an important level for that index of abil-
ity, based on the Delphi method to calculate
the weighted scores [11]. From the question-
naires, the score was changed for each quota
of each model (scale from 1 to 5), then de-
termine the ranking of each index (m;) by for-
mula (1): m; (Total score of each index 1)
/(Total of interview sheet) (1)

From m;, figured out the weighted scores of
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Table 1: A set of the criteria for climate change
adaptability [3]

No. Criteria Quota Code
Location and topography CT 01
Production season CT 02
1 Adaptability Object of production CT 03
Layout of components CT 04
Experiences of production | CT 05
Profit rate (Total revenue/
Economic CT 06
2 Total expenditure)
efficiency
Time to recover capital CT 07
Create jobs for workers CT 08
Social
3 In accordance with local
efficiency CT 09
guidelines and policies
Ability to replicate the
CT 10
model
Limiting waste generation | CT 11
. Environmental | Reusing waste CT 12
efficiency Saving energy CT 13
Improving environment CT 14

each index (w;’) by formula (2):

(2)

Then, the main weighted score (w;) was deter-
mined from w;’ by formula (3)

w; = m;/m;(mazx)

/ /
w; = w; /Xw;

(3)

- Step 3 — calculating the raw data points (Bi)
of each evaluation quota: From questionnaires,
Bi was calculated by the average of 14 quotas
in each model, the scale was assessed from 1
to 5, that is, the lower the score for each quota,
the lower the suitability and adaptability capacity
of the model, whereas the higher the overall
score for each quota, it seemed more suitable and
adaptable to climate change.

- Step 4 — calculating the main points (A;) for
each quota: A; was computed by the formula (4)
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- Step 5 — Calculating the overall assessment
score (X) for each model: the overall assessment
score was calculated by the formula (5)

X; = SA; (5)

- Step 6 — Model classification: After calcu-
lating the overall assessment score, the classi-
fication of models was divided by the general
score level X with 1 < X < 2 (low adaptability);
2 < X < 3 (average adaptability); 3 < X < 4
(pretty good adaptability); and 4 < X < 5 (great
adaptability).

All data were collected,
graphed using Microsoft Excel.

calculated, and

III. RESULTS AND DISCUSSION
A. A general evaluation of the models

Based on surveys of implemented models in
Tra Vinh Province, the general information is
given in Table 2. Specifically, there are 03 animal
husbandry models, 16 aquaculture models, and
05 horticulture models. All of these models were
used to apply assessment criteria and rank the
ability to adapt to climate change. These tables
indicated the number of interviewed households,
the gender of the member in a family, age of
respondents, number of people in a family, and
ethnic group. The majority of people had actively
cooperated with the AMD Tra Vinh Project, none
of them were excluded from the total of 100
interviewed households. All people understood
the questions, and the interviewees in each house-
hold were the ones who directly implement the
farming models. The research results of Thang
[10] showed the different pressures of climate
change on gender in production.

B. Characteristics of households implementing
models

The results of Table 2 indicated that the aver-
age number of people in a household was about
4.2, however, there was an exception of 11, the
number of people who directly implemented the
models ranges from 1 to 2, with most of family
members working far from home. The average
age was 49.5 years old, which illustrates that
farmers still are in the ‘working age’ (from 15 —
65) [12]. Figure 1(A) demonstrates the education
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levels of the 100 implementers, it was found that
4% did not have a chance at education, 18%
had an elementary school background, 48% had
a secondary education level, 19% had higher
education and the others had a college certificate.
The results indicated that people who were edu-
cated will have a better ability in implementing
models than others. Because they have a better
awareness of experiences as well as problem
solving difficult situations. According to these
implementers’ opinions however, farmers must
have the experience and passion in order to
operate models well.

Of the 100 interviewed household, up to 85
households had male implementers, the remain-
der were women. This means that there is a
difference in gender in implementing models.
In farming, labor is considered as one of the
key elements in production, however, almost all
households that mainly used family labor re-
stricted hiring outside employees. According to
Skinner [13], in many countries (especially Viet
Nam), both males and females are affected by
expressions of climate change within different
areas, including education, career, and informa-
tion access. In agriculture, the different impacts
of climate change on gender equality also plays
an important role in ensuring food security in
the future, the gender of those who are directly
involved in the process shows that men are pri-
marily involved in the early stages (preparation)
and the final stage (harvest), while women par-
ticipated throughout all processes, therefore, the
damages caused by natural disasters or the effects
of climate change will first influence women, the
gender of the implementers will also affect the
final success of the model, the result of Thang et
al. [14] showed males to be more successful.

C. Characteristics of livelihood and economy

Based on the results of the investigated survey,
we divided households into 4 groups: poor, near-
poor, normal and wealthy family based on the in-
come of each family [15], [16]. According to Fig-
ure 1(B), among the 100 interviewed households,
up to 25 households are poor, 66 are near-poor,
6 are normal and the remaining were wealthy.
These groups of families are suitable for the
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Table 2: Overall information about 24 livelihood models(*: by median; **: by average)

Gender Number of people
Code | Location | Number of interviewed households Age of respondents*
Male | Female in household**

CNO1 CL 3 2 1 46.0 4.7
CNO2 CA 7 6 1 42.0 39
CNO3 CL 6 2 4 52.0 35
TSO1 TR 1 0 1 55.0 4.0
TS02 CK 9 9 1 43.0 5.0
TS03 | CA & CT 4 4 0 45.5 4.5
TS04 TR 1 1 0 45.0 3.0
TS05 | DH & CL 3 3 0 60.0 43
TS06 DH 2 1 1 58.5 4.0
TS07 TC 2 2 0 50.0 4.5
TS08 DH 4 4 0 44.5 3.8
TS09 DH 4 4 0 54.5 23
TS10 TC 8 6 2 57.0 4.8
TS11 CT & CL 4 3 1 475 4.3
TS12 | CA & DH 4 4 0 44.5 33
TS13 DH 2 2 0 55.5 4.5
TS14 DH 2 0 2 40.5 5.5
TS15 CA 2 2 0 50.1 3.0
TS16 CL 2 2 0 58.0 4.5
TTO1 CA 10 10 0 53.5 5.1
TTO02 CA 4 3 1 49.5 4.3
TT03 | CT & CL 4 3 1 42.0 4.5
TT04 TR 6 6 0 49.0 5.0
TTO5 CK 6 6 0 445 4.3

Average** 42 3.5 0.7 49.5 42

survey because this method primarily assesses the
impact of climate change on the poor. This data
demonstrates that the number of ‘poor’ and ‘near-
poor’ families are much higher than ‘normal’ and
‘wealthy’ families. The survey results showed that
91% of household livelihoods greatly relate to
the ability to adapt to climate change. This is
consistent with the fact that livelihoods play a
key role in generating revenue and improve the
living standards for households [3].

The results of the survey also illustrated the

relationship between education levels and family
types, all of the implementers in the ‘wealthy’
family group (3 households) have a college
or university degree, some implementers have
higher education but they still are grouped as
‘normal’ family or ‘near-poor’ family. All of the
implementers with only an elementary degree are
in the ‘poor family’. This is in agreement with the
result reported by [16].
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Fig. 1: A) Rating of education levels of
implementers, (B) Rate of family type of
households

D. Peoples’ awareness relating to climate change

The vulnerability of households changes
rapidly depending on the ecological subregions
due to the impacts of climate change, and the
continuous changes of socio-economic factors.
Such as the change to use upstream water, flood
prevention, salinity prevention projects, intensive
farming, mechanization, and price fluctuations of
raw material inputs and agricultural output [17].

There are many livelihood factors affecting
farmers’ ability to adapt to climate change, like
the lack of labor, contaminated surface water,
incomplete dike systems, and difficulty in ac-
cessing loans [4]. Moreover, human awareness of
climate change is one of the factors for the model
to be successfully implemented and sustained.

The increase in the number and intensity of
natural disasters - for example storms, tropical de-
pressions, salty and drought periods - are difficult
to predict [18]. To solve these above problems,
people need to apply various technical solutions
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such as building durable animal lodging, correct
water storage in the house, preparing food for
animals, mounding for plants, changing cattle and
poultry, and planting for various seasons. These
implementers had opportunities to obtain knowl-
edge about climate change through information
systems such as television shows, radio channels,
meetings and newspapers; therefore, poor and
near-poor implements still have opportunities to
access the information through above ways.

E. The evaluation results of models

The interview and survey results were the basic
assessment for building the matrix to compare
each quota of each model to other models. The
weighted scores were the most important levels
of each producing model. The weighted scores
of models play a significant role in descriptive
statistic of different quota in a model, particularly,
in quota number 12, the highest and the lowest
value is TS10 (0.092) and TS05 (0.039), respec-
tively. The largest weighted score value was in
No.13 of model TS11 (0.094) and the smallest
in No.12 (TS05) and No.14 (TS02). With the
calculated results of weighted scores, a prediction
of the trends of climate change adaptability of
models can be seen. The raw data points of each
model show the real adaptability of models, the
result showed the different raw data point among
quotas in a model and among other models. The
computed results demonstrated that CNO1 has the
highest total score of 62.1, in contrast, TSO1 was
found with the lowest score, 34.3. The differences
amongst models were also observed, due to the
characteristics of each model that differ for each
index. The biggest difference is 3.8 for No.7 -
the capital recover time, CNO1, is fastest — with
4.8 points. But TSOI has only 1.0 point, and
for No.12, waste reuse, CNO3, reaches to 4.8
points but TS04, TS06, TS10, TS13, TS15, TS16
are only 1.0 point. The remaining quotas are
varied and range from 1.5 to 3.5. It showcases
significant differences in raw data points between
models, demonstrated by the actual adaptable
level of each model to changes in the climate.
The main points were calculated by the main
weighted scores (w;), the raw data points (Bi)
and the formula (4).
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Fig. 2: The general score level (X) of 24 livelihood models

The main point A showed the difference
among 14 quotas of each model; however, the
main point is not the main value that can show the
ability of model. The general score level (X) is
the final value to assess the climate change adapt-
ability of models and the result in Figure 2 shows
that two models have the greatest climate change
adaptability (CNO1 and TS14), two models have
average climate change adaptability (TSO1 and
TS04), and the remaining twenty models have
good adaptability. Due to the dike system against
the saline intrusion in production areas, the dikes
were closed so that most of the evaluated models
showed good adaptability with the saline condi-
tion and hot weather. Additionally, saving water
and inside house production models have signif-
icantly limited the direct impact of salt water
and a hot environment, such as rearing South
Trionychid turtle or Egyptian chicken farming
specializing in eggs.

CNO1 (Egyptian chicken farming specializing
in eggs model) has the highest points for climate
change adaptability. Egyptian chicken breed, a
new breed of chicken in Viet Nam, adapts very
quickly to the weather conditions of Tra Vinh,
the farmers invest only a small amount of money.
Besides, the chicken breeding technique is not
complex so this model can be easily applied
to rural areas. TS14 model (Farming mud clam
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under the forest canopy) is found to be the highest
aquaculture model and has high points for climate
change adaptability. The characteristics of this
model are high adaptability with the weather
conditions and local estuaries - especially in the
coastal area of Tra Vinh Province where there
is a dense river system and large silt regions -
this model can be replicated in coastal submerged
forest areas and can exploit the benefits from
the forest and save food sources for investment
costs. The TT03 model (Growing mung beans
on inefficient rice land model), is considered as
being the utmost adaptable to climate changes in
cultivation. The usage of previously inefficient
land to cultivate mung beans, is part of the
planning to minimize the need for bare land
but still bring benefits to farmers, the charac-
teristics of green pea plants in accordance with
hydrological conditions, weather and land in Tra
Vinh Province, implementation of this model was
found to be easily replicated.

In summary, this study only focused on the
rural areas of Tra Vinh Province, the number of
available households for investigation was lim-
ited. For a better overview, there is a need to
widen the evaluation to the different regions. In
addition, an in-depth evaluation of the economy
is needed, combined with the results of assessing
the ability to adapt to the climate, from which
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the models can be selected for both economic
efficiency and adaptability with climate change
to be replicated in households.

IV. CONCLUSION

Although it is still too early to reach a definite
conclusion, it seems that public awareness of
climate change is gradually being improved, and
climate change adaptable indexes of models were
proved to be above average to high which twenty
models have relatively pretty good adaptability
(CNO1, CNO03, TS02, TS03, TS05, TS06, TS07,
TS08, TS09, TS10, TS11, TS12, TS13, TS14,
TS15, TS16, TTO1, TT02, TTO03, TTO04 and
TTOS), and two models have great adaptability
(CNO1 and TS14). There are only two models
have average adaptability (TS04 and TSO1), and
no models have low adaptability. These results
support the managers and policy makers who
form laws to respond to climate change for agri-
cultural development within Tra Vinh Province.

There is a need to organize more training
sessions, communication activities, and release
materials on climate change adaptation, as a
basis to help improve the knowledge of imple-
menters. The implementation of livelihood mod-
els with support from the Government and non-
government organizations (NGOs) is imperative
to select prospective models, which are econom-
ically, technologically effective and adaptable to
climate change, distribute locally and to farmer
groups in accordance with sustainable livelihood
development.
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