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The purpose of this paper is to test a temperature-based pricing model of Alaton (2002) in main rice-
growing cities of Vietnam. The results of the test are then used for loss hedging analysis and policy
implications for Vietnamese farmers, investors and related parties. Data are collected from General
Statistics Office (GSO) of Vietnam, 2017 and Vietnam Meteorological and Hydrological Administration,
with a reference to acuweather.com, on which the Alaton model is run. We suggest that temperature-
based options are great tools for Viethamese farmers to hedge unfavorable weather risks, and for
investors to earn speculative profits. The great geographic diversity among Vietnam cities shows that
there is a great potential to expand option contracts nationwide. By far, we acknowledge that findings
are constrained by the limited temperature data in Vietnam, and the lack of comparable market prices.
Furthermore, the pricing model itself assumes normal distribution, which might not fully capture the
evolution of daily and seasonal temperature. Weather derivatives, especially the covered temperature-
based options, are potential insurance for farmers and agricultural manufacturers besides existing
price subsidiaries. From a policy perspective, the establishment of an active trading market can support

the expanded use of weather derivatives within and outside the agriculture sector.

Key words: derivatives, mean-reversion process, agricultural finance.

INTRODUCTION

Vietnamese farmers have been struggling to come up
with better solutions to mitigate the effects of unfavorable
weather patterns with several agricultural cities and
provinces adopting new planting technology and receiving
many government’s price subsidiaries and credit
extension. The authorities in many agriculture-based
cities in Vietnam have also promoted renewals and new
construction of more effective irrigation system, thereby
helping to increase agricultural production’s resistance to
water shortage or temperature heights. However,
agriculture practice in the country is unique, that is,
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farmers grow their crops in small family paddy fields,
unlike American or European farmers who have huge
farms.

Given this characteristic, we suggest that besides
existing province-wide assistance, there is a need for
alternative insurance contracts gearing towards individual
farmers. Such contracts will be able to allow farmers and
manufacturers to actively hedge weather risks and have
a trading market in order to avoid overpricing or price
manipulation. On the other hand, on pace with a rapid
GDP growth (6.79% in 2017), the financial market in
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Vietnam is developing at a promising rate. Since 2016,
two main stock exchanges of Vietham - Ho Chi Minh
stock exchange and Ha Noi stock exchange - have
introduced stock-underlying futures and warrants into the
market. We see great potentials for a derivative market in
Vietnam and we believe they will be used extensively in
coming years to an extent that the underlying assets will
cover not only stocks but also commodities or weather
elements.

Therefore, we propose weather derivatives are
appropriate devices to insure farmers against unfavorable
and unpredictable climate, and they provide investors
with strong earnings possibilities. The underlying assets
of weather derivatives can be temperature, precipitation,
or humidity, which are mostly uncorrelated with the
financial market and provide great diversification
advantages. The most common underlying asset is
temperature, which gives rise to a branch of weather
derivative: temperature-based derivatives.

LITERATURE REVIEW

Although the country is moving towards modernization
with more focus on the service sector, Vietnam still has
agriculture sector to account for 15.34% of GDP in 2017
(GSO, 2018). Vietnam is home to diverse agriculture,
among which the water rice is the most important crop for
national food security and export. Fruits, vegetables and
other crops are planted within the rice harvest seasons.
Under the effect of global warming, and constructions of
dams in the Mekong River, the normal rice harvest
seasons are seeing increasing volatile in temperatures
and precipitation which results in heavier draughts or
floods. These uncontrollable weather patterns cost the
agriculture sector billions of dollars in losses. Therefore, it
is a growing concern for farmers and agriculture co-ops
to manage weather-related risks.

Besides the current 10% price subsidiaries, weather
derivatives can also act as insurance for farmers, as
argued by Heimfarth and Musshoff (2011). The market for
weather derivatives in the US grew by 20% year-over-
year in 2011 to $11.8 billion, which signifies the potential
of their usage. However, in developing markets like China
or Vietnam, there are not any active trading markets for
weather derivatives. Liu (2006) explained the market for
weather derivatives in China and acknowledged the lack
of real trading data as the greatest barrier to develop a
sound market.

To address this issue, we recognize the pricing model
for temperature-based derivatives of Alaton (2002) is
extremely useful. We used the Ornstien-Unlenbeck
process (OU process) to model temperature pattern, the
Alaton model values option contracts whose underlying
assets are temperatures. Kermiche and Vuillermet (2016)
applied the Alaton (2002) model and concluded that “the
temperature derivatives contracts created in this study
proved to be efficient tools for hedging climatic risk and

decreasing volatility in production revenues for farmers”.
Lu and Ender (2014) tested Alaton model (2002) and
Benth et al. (2007) model on several cities in China. In
addition, Schiller et al. (2012) proposed an extension
from the Alaton model by measuring intra-day seasonality
through the testing of Alaton model and other models.
Taking into account of the emerging nature of the
Vietnam financial market, and the imminent widespread
ease-to-use, we applied the Alaton model to price
temperature-based options for five main rice-growing
cities in Vietnam. We try to extend the scope of the
studies of Lu and Ender (2014) by not only testing the
model, but also giving practical implications which might
be applicable for Vietnam and other nearby South East
Asian markets.

METHODOLOGY

The main data in this paper are temperature. Temperature data
points are collected from GSO and Vietnam Meteorological and
Hydrological Administration. Collected temperatures are normalized
and grouped first into panel data with marked time t4 to respective
time t,, where n is the number of days in a period. Then, by using
extension packages from Excel and Matlab, panel data are bonded
into matrix vectors for later use in OU process. In addition, to
facilitate result discussion and implications, statistical data
regarding Vietnam equity market, Vietnam labor statistics, GDP,
and rice export value are retrieved primarily from GSO and State
Securities Commission of Vietnam (SSC), 2018.

Processed data are used as input to find the necessary variables
in the Alaton (2002) model, among which the most important
element is the temperature volatility estimator. Such an estimator is
important to describe the mean-reversing revolution of temperature.
The model is implemented for five cities in Vietham, and a model in
each city produces its respective option price. Particularly in this
paper, only call options are considered because call options offer
long positions limited downside, which is the insurance mechanism
for farmers.

TEMPERATURE MODELING

Compared with the CAR model by Benth et al. (2007),
Alaton (2002) used a more specific range of time to try to
figure out the patterns of temperature, although Alaton
and Benth have both improved the index modeling
method. The Alaton model assumes a constant monthly
volatility estimator under a continuous time OU process,
which by itself describes the day-to-day difference in
temperature  accordingly to the  regional/local
temperature. The cooling-degree-day (CDD) and the
heating degree-day (HDD) are the most common
underlying assets of temperature-based derivative
contracts under the following formulas:

HDD, = max {18 — 1%, 0} 1)

CDD, = max {{i — 18, 0} )
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Table 1. Estimated values for monthly temperature volatilities for cities in Vietnam.

City January February  March  April  May June
Thai Binh 2.54 5.09 5.03 3.53 2.22 1.74
An Giang 1.51 1.79 1.08 2.44 1.74 1.47
Nam Dinh 3.32 5.27 484 322 2.01 1.97
Hai Dwong 2.01 3.05 4.94 267 221 2.31
Ninh Binh 2.04 3.04 4.96 243 2.26 2.58

July  August September  October = November December
1.00 1.82 1.46 2.32 317 1.32
2.53 1.08 0.94 220 1.39 2.35
1.00 1.75 1.43 2.32 3.22 1.29
1.00 1.69 1.96 2.33 2.21 1.32
1.14 1.72 1.96 2.31 1.95 1.33

Source: Authors’ calculation.

The number of HDDs or CDDs is the deviation of daily
average temperatures (DATs) from certain reference
levels, which is 18 degrees Celsius as a US industry
standard.

In order to build the model that predicts temperature
evolution, we use historical daily temperature in 2017 for
5 cities in the northern region of Vietnam, where
agricultural harvest seasons are similar to one another. In
order to model temperature, the Alaton model (2002) fits
the DATs with a part that describes the annual
seasonality of the model, and a random, driving-noise
and mean-reversion process. The first part is able to
structure annual temperature into a trigonometric function:

I = A+Bt+Csin(@t T @) 3)

where t stands for measured daily temperature and wW=2

H*'JE'E'E'. A, B, C and ¥ denote the mean temperature, the
parameter that represents the global warming, the scale
parameter and the translation parameter of the
trigonometric function, respectively (Lu, 2007).

Then, we know that temperature cannot rise day by day
for a continuous period of time. Therefore, the stochastic
process describing the temperature evolution should be a
mean-reversion one. Alaton (2002) put forth the following
model for the temperature under an OU process, starting
atTg=x:

rﬂ} m_
dT, = { + a(T; rj}d:: + g dW,,t =5 )

The second part is a solution to (4) is:
- (x— i";"‘]e_“"r_£I + T+ _Ir; g 2le-T) g dWt
(5)

iy
where T is given by Equation 3, wr is a Brownian
motion and a is the mean-reverting parameter of the OU
process. Alaton (2002) states that the volatility parameter

Y is measured constantly, which describes the relative

differences in daily temperature within a month (typically

30 days). To measure 9 first we find the quadratic

variation of Tin term of a#, during a given month # The
estimator of “# is:
:« ,; -1

= I T~ T
' (6)

Next, during the a given month ¥, the second estimator

% is found by discretizing Equation 4 by:

= . m
I} =a Tj:"—l + (1_a) . 1.j;l'—l + J,u . E_;l'—l
(7)
J"."'-I—l
where 7 U=l are independent standard normally

distributed random variables.

The estimator of 72 is (Alaton, 2002):

6y = 5%, 'Ii(T — ar" — (1— &)T;_)"2
H (8)

o . . . ) .
The = value is the arithmetic average of # and 7. We

.

also need to find a, which is estimated by =

_— E YI.—_'LT 1,-‘1‘1}
In = _lﬂg (E:l:'_ L—‘_ir—‘_ 'T|_‘:l_ )

()

where

T,
Y1= o, ji=12.n (10)
The results of monthly temperature volatility parameter
are shown in Table 1. Figure 1 shows the Alaton (2002)
model’s curve of An Giang in 2017 (365-day year).

Figure 1 depicts real daily temperature evolution versus
daily temperature evolution modeled by Alaton model
(2002). R? of the daily temperature evolution line modeled
by Alaton model is equal to 0.9273, thus Alaton model
(2002) is able to simulate daily temperature evolution
quite close to reality. From this we can see that the Alaton
model gives reliable prediction for temperature evolution
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Figure 1. An Giang daily mean temperature by Alaton model (2002) versus real temperature

Source: Authors’ calculation.

in Vietnam.

TEMPERATURE-BASED DERIVATIVES PRICING

Since temperatures and its indexes like HDDs and CDDs
are non-tradable underlying assets, valuation directly
from a risk-neutral method and market prices like the
Black-Scholes model is difficult. Therefore, a market price
of risk is necessary to relate the payoff from the
underlying asset with the real payoff in the existing capital
and derivatives market. Canbrera (2009) uses Berlin
traded futures to calculate the market price of risk.
Although finding a market price of risk is mostly difficult,
Goncu (2011) suggested that the effect of market price of
risk is insignificant for weather derivatives.

Therefore, in this paper, we set the market price of risk
at 6.8% accordingly to Vietnam’s 2017 equity risk
premium. We also assume that once the market for
agricultural derivatives is established, the risk aversion of
investors in such market will be as same as the traditional
stock market. Furthermore, taking into account that
Vietnam is still a frontier market, financial knowledge of
market players is limited, and the model is simple to
implement, we will also evaluate only call options — since
longing a call would likely equal to shorting a put in a bull
market. In addition, we assume that farmers/
manufacturers will always be long positions to hedge
their risks.

Furthermore, we take the annual temperature range
from 2000 to 2015 as a normal range that farmers usually
experience. The maximum temperature in this range is 33

degree Celsius, and the minimum temperature in this
range is 14 degree Celsius. The call options in this paper
are triggered if temperatures rise or drop above or below
this range, making them useful against uncertainties.
From this point of the paper, for ease of expression, we
call this range “the threshold range”. (TRT)

In addition, the call options in this paper depend on the
following assumptions:

(i) In cooling harvest, if temperature rise by 2 degrees
Celsius from TRT (which will damage the crop), it's worth
exercising the option to act as an insurance mechanism.
(ii) Strike point is a temperature unit.

(iii) In heating harvest, if temperature drop below TRT by
2 degrees Celsius from TRT (which will damage the
crop), it's worth exercising the option to act as insurance
mechanism.

(iv) The crops grow accordingly to the temperature of
each harvest. In this sense, farmers would only grow,
harvest, and sell their products under two main harvest:
Winter - Spring harvest and Summer - Fall harvest, which
would translate into two 3-month type of call option
contracts accordingly.

(v) Insurance coverage (IC) is in term of max loss (%)
over the change in crop price per metric ton (mt) for long-
positions; therefore, it will be 0 < IC < 1.

Based on the assumptions above, call option prices of
Vietnam cities under research scope are summarized in
Table 2.

From Tables 1 and 2, the call option prices could be
interpreted in several aspects. First, the temperatures, at
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Table 2. Call Option Prices. (Option price is USD where 1 USD = 23 255 VND).

City Strike temperature Option price Insurance coverage (%)

Thai Binh 28 0.209 48.67
Winter-Spring Nam Binh 27 0.205 47.58
Harvest An Giang 35 0.267 62.13

Hai Duwong 33 0.177 41.12

Ninh Binh 30 0.238 55.25

City Strike temperature Option price Insurance Coverage

Thai Binh 24 0.155 32.88
Summer-  Fall Nam Binh 25 0.124 26.29
Harvest An Giang 28 0.247 52.16

Hai Dwong 24 0.266 56.21

Ninh Binh 28 0.313 66.2

Source: Authors’ calculation.

which a contract in each city is exercised, fit into each
city’'s seasonal climate. Since an exercise of options
depends on anomalies of temperature, which in this case
of our paper, the abnormal temperature will be 2 to 3
degrees above maximum or below minimum
temperatures that the crops are prone to. The farmers by
their experience and using this characteristic can easily
monitor the timing their choice of contracts.

Second, the pricing process of Alaton model produces
higher option prices in cool months (HDDs) and cheaper
option prices in hot months (CDDs) as it expects a great
concentration to mean temperatures. As a result, farmers
can also vary in their choice of period in choosing options
to sign. For instance, if farmers in An Giang expect to
grow more crops in Summer-Fall harvest season, they
can long call options in the period from May to August.
Table 2 shows that call options in Summer-Fall are
cheaper than those in Winter-Spring harvest, which can
hedge farmers at least 52% of their production value. On
the other hand, short positions can take chances against
long positions. When An Giang farmers buy long
positions, investors can create and short call options for
Winter-Harvest harvest in the same or different cities
where the gain is often the call option price.

Winter-Spring harvest, as shown in Table 1, depicts a
much greater volatile nature than Summer-Fall harvest.
This is a characteristic for Vietnam northern agricultural
areas. Winter often brings highly unexpected coldness or
heat, and irrigations fall short because of retreating Hong
River. In this sense, given the hedging merits of option
contracts in cities like Thai Binh or Ninh Binh, 40-60% of
production value could be insured, in the absence of
alternative protection means.

HEDGING POWER OF
DERIVATIVES

TEMPERATURE-BASED

In this section we look at the hedging power of

temperature-based derivatives. At first, we examine the
probabilities of irregular temperature happening in each
city during harvest periods. By combining these
probabilities with the option prices presented in Section 5,
we present upside and downside cases to illustrate the
extent of hedging power of Alaton model (2002) options.
We conclude this section with a look at beyond-hedge
values of temperature-based options, which provide cash
for next-season production.

Predicting the odds of adverse temperature

The study by Schiller et al. (2012) presents four models
for weather derivatives, but stops at examining the
performances of the models themselves. This approach
is shared by Lu (2014) who tests the performance of
Alaton model (2002) and CAR model by Benth et al.
(2007) in China. However, the research by Kermiche and
Vuillermet (2016) includes hedging indicators such as
VaR for HDD and CDD contracts in several African cities,
and thus it firmly highlights the practical usage of weather
derivatives in hedging loss for farmers.

Here, we try to investigate further from the approach
taken by Kermiche and Vuillermet (2016) by looking at
temperature-based derivatives’ usefulness in loss
hedging. First, by using Alaton model (2002), we try to
predict the 3-year-ahead likelihood of irregular
temperatures from 2017 based on the following
assumptions:

(i) Applying the Alaton model (2002) functions to project
3-year-ahead temperatures according to each harvest
period

(ii) Using strike temperature 1-2°C above or below TRT.
Each city has different strike temperature as shown in
Table 2.

(iii) The resulting likelihood is equal to the number of
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Table 3. 3-year projection of irregular temperature probabilities.

Winter — Spring Harvest (%)

Summer — Fall Harvest (%)

Cities Irregular temperature probability Irregular temperature probability
Thai Binh 3.65 5.13
Ninh Binh 7.03 5.86
Nam Binh 5.1 2.56
Hai Duvong 6.57 5.13
An Giang 5.47 6.59
Source: Authors’ calculation.
Table 4. Vietnam Rice Export Value 2009-2017.
Year 2009 2010 201 2012 2013 2014 2015 2016 2017
Export value per mt $407 $420 $514 $440 $446 $464 $408 $435 $450

Source: Vietnam Ministry of Agriculture and Rural Development, 2018.

periods at which temperatures meet or exceed the strike
temperature divided by the total number of periods.

Table 3 indicates signs of relief for agriculture industries,
showing that irregular temperature probabilities are still
quite unlikely to take place. Nevertheless, this result does
not reduce the insurance significance of call options. For
instance, taking the example of Hai Dwong in 18 days
over 3-year periods, the model indicates temperatures
that surpass those of TRT. At such time farmers might
expect a week of abnormal temperature each harvest,
which increases the odd that a crop’s harvest could be
reduced.

Upside and downside cases: how temperature-based
options protect farmers

To illustrate the extent of hedging amounts, first we take
into account the Vietham 2017 rice export value. The rice
export value is measured in USD per mt (Table 4).

In recent years, from 2013 onward, export rice price
has been rising according to the Vietnam Ministry of
Agriculture and Rural Development (MARD, 2018) largely
due to the improved quality of the planted rice. This
improvement is largely distributed to the ongoing efforts
of farmers and manufacturers in choosing seeds and
growing techniques. However, the quality and the rice
export value are still subject to soil and weather factors.
For instance, 2015 heavy heat and drought reduced
production quantity and decreased quality by large.
Therefore, the use of derivatives like call options will aid
in reducing in loss value if unfavorable conditions are
presented. We illustrate such a use in the upside and
downside cases for Thai Binh city options, under the
following steps:

(i) Input of export quantity and value per mt for 2017

(i) Present 3 situations in which rice price per mt drops or
rises by 1, 2 and 3 standard deviations from the mean
export price per mt of the 2009-2017. Standard
deviation(s) from the mean is denoted by k(s).

(iii) Identify the currency value of the amount hedged by
the call options presented in section 5.

(iv) Present upside and downside cases of export rice

Since a long position for dropping price is similar to a
short position for rising price, we are taking a long
position stand (Table 5). Long positions are farmers and
rice manufacturers, who will face a possible drop in price,
which is 1, 2 and 3 k, accordingly. These changes in price
are assumed and thus can be different in reality. The rise
or drop in price, under the scope of this paper, is mainly
due to irregular temperature patterns. Taking the case of
Thai Binh city, a farmer who longs a 3-month call option
before export will experience these two cases.

Upside case

Export price per mt drops 1, 2, and 3 k. The farmer is
entitled to maximum losses of $16.01, $32.03 and $48.04
per mt, respectively. These translate into max losses of
$96mn, $192mn and $288mn, respectively. Because
2017 total rice export value (MARD, 2018) was nearly
$3bn, call options could have hedged losses for nearly
10% of total export value. On the other hand, the short
positions can earn respectively the hedged losses
valued. In other words, if long and short positions are
parties of the same country, we can expect a net cash
outflow from the country owing to negligible change in
price.
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Table 5. Simulated hedged values over 2017 Vietnam Rice export value.

2017 Total Vietnham export value

$2,700,000,000

Situations Export (mt) Value hedged
1k 2k 3k 1k 2k 3k
Thai Binh $16.01 $32.03 $48.04 6,000,000 $96,089,668  $192,179,336 $288,269,004
Nam Dinh $15.66 $31.31 $46.97 $93,937,670  $187,875,340 $281,813,010
HaiDu o ng  $13.53 $27.06 $40.59 $81,183,627  $162,367,255 $243,550,882
Ninh Binh $18.18 $36.36 $54.54 $109,080,628  $218,161,256 $327,241,884
An Giang $17.16 $34.33 $51.49 $102,980,010  $205,960,020 $308,940,030

Source: Authors’ calculation.

Table 6. Beyond-hedge value.

Beyond-hedge value

Seed quantity at $63.8 per mt (ton)

1k 2k 3k
$16.9 $33.8 $50.7
$17.2 $34.5 $51.7
$19.4 $38.7 $58.1
$14.7 $29.5 $44.2
$15.7 $31.5 $47.2

1k 2k 3k
0.265 0.529 0.794
0.270 0.541 0.811
0.304 0.607 0.911
0.231 0.462 0.692
0.247 0.493 0.740

Source: Authors’ calculation.

Downside case

In reverse of upside case, when export price increase
greatly (and in reality, they did from 2014-2017), the
farmers can choose not to exercise the call options and
only earn money from the rice. Otherwise, they can
choose to exercise the contracts and earn the spread.
The spread here is the difference between a favorable
temperature and the call option’s strike temperature
(Table 2) multiplied by the option price per mt. We will
also discuss the social economic implications of this high
gain case in 6.3.

Beyond-hedge gains for farmers and investors

Table 6 presents one of many uses besides hedging of
temperature-based call options. Schiller et al (2012)
stated: “Since weather variables are mostly uncorrelated
with the classical financial market, weather derivatives
form the only possibility on the financial market of
insuring against unfavorable weather. The development
of the weather derivatives market assumes that an
increasing number of corporations take advantage of
these new opportunities”.

In addition to hedging mechanisms, the value once
hedged provides good back up cash for next-season or
future production. This back up cash is what we call
“beyond-hedge” value of temperature-based options.
Taking the second line of Table 6, a Thai Binh city, for
example, when the export price drops 1k, the remaining

value after the losses is $16.9 per mt. This money can be
effectively used to buy 0.265 mt of high-quality type
seeds, and stored for use in the future. For this concern,
we argue that since there is not a trading market for
agricultural derivatives in Vietham at the moment, their
many uses are often overlooked. Table 6 shows that a
call option not only helps farmers avoid taking the full-
size losses but also frees up cash from such losses in
price, providing backup capital for use, like buying seeds
for the next harvest. In favorable temperature and price
conditions, farmers as long positions also gain what could
be called a non-operational profit, which comes from
upside price gains rather than from crop production
value.

POLICY IMPLICATIONS

Kermiche and Vuillermet (2016) conclude that weather
derivatives can be included in a long-term sustainable
plan to hedge temperature risk in African countries.
Investigating the argument, we have shown the hedging
capabilities of weather derivatives in Vietnam in Section 5
and Section 6. Farmers can both protect their production
value and gain profits with Alaton model (2002)
temperature-based options, provided that a real market
exists. Such a market will allow capital flows from the
financial market to a commodity-based market. It will
provide not only indirect profit opportunities for non-
agricultural investors, but also choices for farmers to
hedge temperature risks.
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Therefore, this section considers policy implications for
non-agricultural players, such as investors and regulators
on an exchange market. We would like to demonstrate
the necessary factors for a viable option trading market in
Vietnam and other emerging markets: the market price of
risk, clearing houses, investment banks, insurance
companies, and structured derivatives. Moreover, based
on our experience about Vietham and reports from SSC
(2018) and GSO (2018), we look at some barriers that
might undermine the creation of temperature-based
derivatives market in Vietnam. Once these barriers are
overcome in the near future, Vietnamese farmers may be
able to use temperature-based derivatives to deal with
changing climate.

Market price of risk and implications for non-
agricultural players

The market price of risk, or the extra return an investor
wants usually reflects the hope for beating non-
systematic factors such as inflation (described by inflation
premium in the CAPM model), or business risks. In a
similar aspect, a temperature-based option offers a
premium above irregularities in temperature. While
farmers are expected to be effectively hedged against
losses using temperature-based derivatives, other non-
agricultural earnings can be various.

Given that there is an actively traded market for
temperature-based derivatives and a derivative contract
is in its effective period, one initial option contract can
change hand multiple times, through which secondary
sellers and buyers bet their luck and gain profits. For
instance, with Nam Binh options priced at VND4758 per
mt, the primary short-position can bid and sell the
contract in a secondary market at par. Under the Alaton
model price, Nam Binh option is priced at VND4758 at an
interest rate of 6.5%, and VND7425 at an interest rate of
6%. A speculative secondary investor, having expected
this 0.5% drop in interest rate, can ask for the contract at
VND5000. The investor can later sell it at VND6000 to
make a non-exercise profit at VND1000. When this
process continues with or without the initial contractors
exercising it, profit can grow gradually.

Furthermore, temperature-based contracts can be
included in investment portfolios. Singal (2017) wrote
“‘commodity futures provide the diversification benefit in
combination with equity and bond in the portfolio” and
“they can be used as excellent hedging tools against
inflation”. In the portfolio context, temperature-based
options provide more freedom than futures, since
exercising the option is optional, bringing somewhat a
“temperature related risk premium” in the traditional
portfolio of equity and bonds. Although there is a need for
a real market to certify this attribute of Alaton model
temperature-based derivatives, we believe that the
results should be similar to existing price-underlying or
interest-underlying futures or options.

Policy implications for market regulator

The main limit of temperature-based derivatives in
Vietnam is the lack of a real market. The lack of an official
trading platform poses an obstacle for potential market
players to determine the suitable price ranges. Moreover,
as discussed earlier, the benefits of temperature-based to
farmers and non-agricultural players are explicit: the
derivatives are not only easy to understand, use and
monitor, but also suitable to act as a bridge connecting
farmers with capital and insurance market. Therefore, we
propose that the Vietnam government, especially the
SSC, create a market for agricultural temperature-based
derivatives through these following steps:

Step 1: Strengthen the emerging market

We acknowledge that the Vietnam equity market is still in
the process of development. By 2017, Morgan Stanley
Capital International (2017), still categorized Vietnam as
a frontier market. This is mainly due to the restricted
foreign investment into listed Vietham companies, and
also the lack of complex financial products, such as
commercial back securities or derivatives. However,
since 2016, both the Ho Chi Minh stock exchange
(HOSE) and Hanoi stock exchange (HNX) — the two
stock exchanges in the country, have taken efforts to
launch futures and warrants. These derivatives, though
quite new to the market and stock-underlying, received
huge investment. According to the SSC (2018), by July
2018, there are 35,725 active transaction accounts
whose values are up to VNDA4.7 trillion (+50%Y0Y).
Among these accounts, domestic investors account for
over 98%, signifying the curiosity of domestic investors
towards more complex investment tools.

In this sense, given a still agricultural-based economy,
we believe that the market acceptance of temperature-
based options will be promising. As for any financial
product to be introduced, we suggest the SSC work
closely with the Ministry of Agriculture and Rural
Development and the Ministry of Finance to collaborate in
the collection of harvest timing data, temperature data,
rice and related main crops data, export value data, and
insurance policies. We expect such cooperation will result
in a concrete and real-time database for temperature-
based derivatives (in our case, the Alaton model options).

Step 2: Create a market of options, and involve
players

Once chosen an acceptable pricing model, e.g., Alaton
temperature-based model, Agribank one of the four
largest banks in the country can support the creation of
the clearing house and investment banking of the
temperature-based derivatives market. Since Agribank is
a state-owned commercial bank, created by the Vietham



government to infuse credit for agriculture production, it
will be capable of providing the capital needed to facilitate
the underwriting of new options, asking and biding, also
provisions for long-short party gains and losses.

Next, we recommend Agribank work closely with
securities and brokerage firms to market the option
contracts to farmers and non-agricultural investors. The
marketing process can involve workshops, simulated
trading platforms and discounts for first-time users.
According to GSO, in Quarter 1, 2018, labor in agriculture
is 20.9 million, accounted for nearly 39% of total 15-year-
and-older labor force. It would be unrealistic to have all
agriculture workforces buying the contracts, but we
expect at least 100,000 accounts joining the market
(approximately 0.5% of agriculture labor force) once the
market is established. This will be about three times the
number of accounts currently joining stock-underlying
futures.

Step 3: Extend and evaluate

Our proposed temperature-based option contract can be
extended in several ways. Instead of using temperature
as the underlying asset, Agribank and brokerage firms
can create other options whose underlying assets are
humidity, average sunlight hour, and so on. Similar to
temperature, those are climate elements encompassed in
the agricultural production and can be easily monitored
by farmers. Farmers, having a diverse base of underlying,
will have more freedom in choosing the right hedging tool
specifically for their crops.

On the other hand, options, just like stocks or mortgage,
can be pooled together as collaterals for commercial-
back securities (CBS). We expect the introduction of CBS
will elevate the complexity of Vietnam market and make it
more attractive to foreign investors. As a result, by virtue
of temperature-based derivatives, Vietnam might be able
to see its market rank elevated to emerging market, or
even a developed one. In short, we see agricultural
temperature-based options as a great bridge that links
the agriculture sector more closely with the financial
sector, a relationship that fuels Vietham economy to a
more horizontal growth across sectors.

Barriers to temperature-based derivatives market in
Vietnam

Although we try to put forth a step-wise action framework
for market regulators in 7.2, we recognize that there are
several existing barriers which hinder the creation of an
attractive temperature-based derivatives market in
Vietnam. The first barrier is the limited financial knowledge
of potential market players, e.g., farmers. According to
GSO (2018), among the 15-year-old-and-older labor
force, only around 20% are trained workers from
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industrial schools and colleges. Educating and convincing
farmers in this 20% to join financial markets are already
challenging and time-consuming tasks.

The second barrier is the currently strong foreign
influence on Vietham stock market. According to SSC
(2018), foreign investors account for around 60.7% total
stock market transaction value. This means that the
Vietnam stock market is extremely sensitive to foreign
investment. We observed that from March to July, 2018,
when foreign investors withdrew from Vietnam and other
emerging markets in fear of imminent Trump-provoked
trade war, VN-Index (Vietham general market index)
dipped from 1201 basis points to 898 basis points, but it
recovered in September, 2018 to 1024 basis points when
foreign capital flooded back in. Broadly speaking, the
acceptance of a temperature-based derivatives market
depends greatly on foreign investors’ decision, whereas
we are not able to recognize that SSC can convince them
to invest.

The last barrier is the perceptions of Vietnamese
farmers, which are probably the hardest to tackle. To our
best knowledge, most Vietnamese farmers think and
produce crops according to annual harvest, which is
short-term. They tend not to have backup plans to hedge
against unexpected events. Therefore, a risk-hedging
product like temperature-based options might not be
attractive to farmers. Without our target users, a
temperature-based derivatives market simply cannot
exist. In short, despite the promising benefits of
temperature-based options, we need to have continuous
efforts to create it.

Conclusion

Despite the fact that there is not a real market for weather
derivatives, we see great potential for them, especially
temperature-based options. We also note that, while
weather elements are uncorrelated with the equity
market, they can be easily monitored by farmers in the
production process. We expect that, owing to this ease-
of-use, even farmers with insufficient financial skill will
find weather derivatives attractive enough to utilize them
as risk hedging methods. Thus, we hope the introduction
of weather derivatives into Vietnam market will engage
more agricultural players with the equity market, from
which both sectors can see great upside potentials.

In addition, our results showed that the pricing results
vary among the provinces. We see this as a province-
specific use of temperature-based derivatives. Every city
in Vietham can create option contracts suitable for their
climate and agricultural production pattern. This suits
greatly to the country of vast climate diversity from north
to south. In addition, the SSC and related parties can
create markets and complex financial products from our
proposed temperature-based options, which will act as an
elevator to improve the health of Vietnam financial
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system. However, market regulators must overcome
several barriers in order for temperature-based derivatives
market to exist.

Technically speaking, further research can extend the
depth of our study by applying more complex model than
Alaton model. For instance, Spline model by Schiller et
al. (2012) separates the daily temperature data T; into a
trend and seasonality component in the mean, and
captures daily temperature variations. The underlying
assets are various ranging from temperature to
precipitation level, which can also provide good cases for
future studies. Finally, the Alaton model (2002) can be
applied to countries neighboring Vietnam which are too
agricultural intensive such as Thailand or Myanmar,
where we expect the use of weather derivatives can also
be applied.
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