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Abstract An extreme cold exposure event occurred be-
tween March 14th and 19th 2011 in northern and central
Lao PDR resulting in a major mortality of cattle and
buffalo. At least six northern and one central province
reported losses, involving 46 districts and 1,384 smallholder
farmers, with a total of 7,162 cattle and 3,744 buffalo reported
to have died in association with cold weather. Affected
animals were observed to shiver, display slow and shallow
respiration, lose consciousness and eventually die. Many
deaths occurred at night and were recorded in both sexes and
all ages of large ruminants. However, mortalities occurred
mostly in animals that were free-grazing in the forest and
natural grassland, and exposed to the cold weather. Some
housed animals that were provided with warmth from shelter
and fires and supplementary feed did not die. Samples from
dead animals collected for laboratory analysis confirmed that
bacterial or viral pathogens were not present. The cause of the
mortality was attributed to hypothermia, and the economic
losses were estimated at USD 2,463,912.00. Xieng Khouang
Province reported the most severe losses with deaths of 4,600
cattle and 1,665 buffalo. At Thong Haihin meteorological
station in this province on March 16th and 17th 2011,
minimum temperatures recorded were 6.7°C and 7.5°C and
rainfall recorded was 36.6 mm and 61.7 mm, respectively.
This was the first reported extreme cold event in living

memory occurring between the end of dry season and
beginning of the wet season in northern Laos. This event is
reported in detail as it caused a major loss of wealth for poor
smallholder farmers and indicates that strategies to minimise
the impact of extreme cold weather events need to be included
in livestock development extension programmes.
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Introduction

The Lao People’s Democratic Republic (Lao PDR) is a
landlocked country located in the heart of South East Asia,
with a population of 6.83 million in 2009 and a land area of
236,800 km2 (Department of Statistics DoS 2005). It is
recognised as a poor country with 73% of the population
living in rural areas and 74% of these people living on
USD 2 per day (World Bank 2007). Livestock production is
an important livelihood activity of smallholder farmers in
Lao PDR with sales of livestock contributing up to 50% of
annual cash income for many upland farmers (Asian
Development Bank ADB 2005; Stür et al. 2002). More
than 95% of all livestock is owned by smallholders who
rely on fewer than five head of cattle and buffalo per
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household (Wilson 2007; Nampanya et al. 2010). Large
ruminant production is increasingly recognised as a crucial
activity for farmers in upland areas of Lao PDR as they use
these animals for cash reserves, draught power, family
consumption and ceremonial needs (Millar and Phoutakhoun
2008; Windsor et al. 2008).

Despite the growing importance of cattle and buffalo
production, this economic sector is still undeveloped with
feed deficiency, disease outbreaks and limited farmer
knowledge on modern livestock production techniques and
biosecurity as the main constraints (Stür et al. 2002; Asian
Development Bank ADB 2005; Millar and Phoutakhoun
2008; Rast et al. 2010; Windsor 2011). In Lao PDR,
smallholder farmer knowledge of large ruminant health and
production is low (Nampanya et al. 2010), and now it would
appear that Lao smallholder farmers are facing the challeng-
ing issue of climate extremes. Between March 14th and 19th
2011 in seven provinces of Lao PDR, an acute cold weather
event resulted in large number of losses in cattle and buffalo.
Such circumstances had not previously been experienced or
recorded, and farmers had very limited knowledge and
capacity to deal with the event. This case study aims to
record detailed information on the cold extreme event and
related losses to cattle and buffalo production in northern
Lao PDR. Recommendations for extension strategies that
can provide risk management of future extreme cold weather
events are provided.

Materials and methods

This study was conducted in seven provinces of Lao PDR, six
provinces located in the northern region, and one province
located in the central region of the country. Summary data of
the large ruminant losses were collected and compiled by a
survey conducted by the Lao Department of Livestock and
Fisheries (DLF). Village-level data was collected by survey of
project sites in the Australian Centre for International
Agricultural Research (ACIAR) research project ‘Best Practice
Health and Husbandry of Cattle and Buffalo in Lao PDR’
(Windsor 2011). The survey was carried out between mid-
April 2011 and mid-May 2011, 2–6 weeks after the extreme
cold event occurred.

Survey of provinces

Survey information on mortality rates was collected from
seven provinces, including the six northern provinces of
Phongsali, Luang Namtha, Hua Phan (HP), Luang Prabang,
Xieng Khouang (XK), Xayabouli and one central province
of Vientiane. Data was collected and compiled by DLF staff
through case report from village veterinary workers, and
district and provincial staff in the affected areas.

Survey of villages

Affected farmers were interviewed in four villages partic-
ipating in the ACIAR research project, being Nong and
Nadee villages in XK and Nakud and Navieng villages in
HP. A total of 132 farmers in the four villages were
interviewed, comprising 32, 22, 25 and 53 farmers of
Nadee, Nong, Navieng and Nakud, respectively. The survey
tool was a questionnaire developed by the ACIAR project
team and included questions on affected animal identity,
sex, species, weight, body condition scores, value before
and after death, clinical signs and how the animal was
managed during the event. The interview was conducted in
Lao and took about 1 h per farmer or 2–3 days per village.

Meteorological data collection

Daily meteorological records from Thong Hai Hin station,
Paek district, Xieng Khouang province and Xam Nau station,
Xam Nau district Houaphan Province were examined. Data
including daily rainfall, temperature and wind speed over the
past 5 years was collected and examined, with a focus on data
between March 13th and March 20th 2011.

Investigation of cases

Several of the authors visited some of the affected areas
of Luang Prabang to investigate cold exposure cases
and discuss the event with affected farmers, village
veterinarian workers and village headmen. Tissue samples
were taken for analysis for infectious diseases at the national
animal health laboratory in Vientiane, the capital city of Lao
PDR.

Analysis of provincial and village-level data

The data was translated from Lao into English and then
transcribed into spreadsheets on Microsoft Excel. Basic
data analysis was conducted in the Microsoft Excel and
Genstat 13th edition statistical package.

Results

Meteorological data

Meteorological data from March 2007 and March 2011 is
presented in Table 1, and weather data during the cold
extreme event in March 2011 is displayed in Table 2. The
minimum temperatures recorded at Thong Haihin station in
Xieng Khouang province were 8.8, 6.7 and 7.5°C on the
16th, 17th and 18th of March 2011, respectively. The
rainfall recorded at the station was 36.6 and 61.7 mm on the
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16th and 17th of March 2011, respectively, similar to the
mean rainfall recorded in March between 2007 and 2010.

Cold exposure impact at village level

Extreme cold event history

The survey revealed that the interviewed farmers had no
recall of previous cold climate extremes in their villages
between the end of the dry season (February–March) and
the beginning of the wet season (May–June). This was the
first time in living memory that extreme low temperatures,
high rainfall and strong wind occurred simultaneously in
the middle of March.

Clinical signs, confounding factors and counter-measures

Affected animals were observed to shiver, develop a slow
and shallow respiration, become moribund, lose conscious-
ness and eventually die. Death in both sexes and all ages of
large ruminants and pigs were recorded. Most severe losses
occurred in exposed animals that were free-grazing in the

forest, paddy field or natural grassland during the extreme
cold event. As this was prior to the wet rice cultivation
season, many smallholders in Xieng Khouang province
allowed their large ruminants to free-graze in the extensive
common grassland, forest and paddy field areas, usually
taking them back to cattle houses and holding stalls near the
farmers’ house in the evening. In Hua Phan province,
farmers would leave their stock grazing in the forest all day
and night. It should be noted that buffalo in the ACIAR
research project villages of Xieng Khouang are relatively
better cared for as they are still used for draught power.
Although forage plantation activities and silage making in
the research project villages have commenced, supplementary
feed was not always available for large ruminants, particularly
in the dry season when the cold event occurred. It was
considered that poor housing, nutritional energy deficiency
and lack of good husbandry practices were confounding
factors that increase the health risks of large ruminants
exposed to cold weather extremes.

Most of the large ruminant deaths occurred between 16th
and 18th March 2011 (Table 3). This was the period of
extreme low temperature, high rainfall and wind speed. The

Table 2 Data on air temperature (°C), rainfall (mm) and wind speed (m/s) at Thong Haihin and Xam Nau weather stations from March 13 to 20, 2011

Day Thong Haihin station, XK Xam Nau station, HP

Temp (°C) Rainfall (mm) Wind speed (m/s) Temp (°C) Rainfall (mm) Wind speed (m/s)

Mean Max Min Mean Max Min

13 20.9 28.2 13.6 0 0.1 22.1 28.2 16.0 0.0 0.8

14 22.15 27.4 16.9 41.8 1.6 40.1 25.0 15.1 27.8 2.0

15 16.75 17.2 16.3 17.5 0.1 16.35 17.7 15.0 25.1 1.2

16 9.15 9.5 8.8 36.6 7.33 7.4 7.8 7.0 34.5 1.8

17 7.45 8.2 6.7 61.7 2.33 7.35 8.7 6.0 51.8 1.0

18 11.25 15.0 7.5 5.4 0.1 11.35 14.8 7.9 2.2 1.2

19 18.8 26.2 11.4 0 3.66 18.35 25.7 11.0 0.0 2.8

20 19.15 28.5 9.8 0 2.00 18.85 29.3 8.4 0.0 2.2

Table 1 Data on air temperature (°C), rainfall (mm) and wind speed (m/s) at Thong Haihin and Xam Nau weather stations in March from 2007
through 2011

Year Thong Haihin station, XK Xam Nau station, HP

Temperature (°C) Rainfall (mm) Wind speed (m/s) Temperature (°C) Rainfall (mm) Wind speed (m/s)

Mean Max Min Mean Max Min

2007 21.9 33.3 8.8 18.6 2 21.1 33.1 9.1 40.2 2.6

2008 19.8 31.2 5.8 81.7 7 17.45 30.7 4.2 102.3 1.9

2009 21.6 32.1 8.5 64.3 1.65 18.75 32.5 5.0 18.6 2.1

2010 20.3 34.2 8.0 3.6 2.16 20 32.5 7.5 36.2 2.3

2011 17.3 31.2 6.7 187.8 2.45 18.55 31.1 6.0 152.5 2.5
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Table 3 Summary of losses in interviewed villages following a cold exposure event in March 2011

Variables Xieng Khoung Province Hauphan Province

Nadee Nong Navieng Nakud

Distance from the nearest town (km) >30 >20 5 >30

Geographical description Upland Upland Upland Upland

Total number of households 37 26 29 93

Number of affected households 32 22 25 53

Number of interviewed farmers 32 22 25 53

Total number of cattle before the event 348 371 163 212

Number of dead cattle 96 45 66 151

Number of dead female cattle 64 27 46 92

Mortality (%) 0.27 0.12 25.15 71.22

Status of animal before and died

Mean age (years) 2.91 3.33 3.58 4.69

Range age (years) 0.08–10 0.08–9 0.08–7 1–15

Average value before death (USD)a 236.41 226.33 307.34 307.82

Average value before death (USD)a 24.20 32.55 – –

When animal died

Before 14/03/11 5

14/03/11 1 1

15/03/11 1

16/03/11 5 24 4

17/03/11 78 23 40 151

18/03/11 12 9

19/03/11 1 2

After 19/03/11 4

Total number of buffalo before the event 226 97 150 639

Number of dead buffalo 33 7 6 28

Number of dead female buffalo 24 5 2 16

Mortality (%) 0.15 0.05 0.04 0.03

Status of animal before and died

Mean age (years) 3.83 4.16 3.67 4.50

Range age (years) 0.50–9 1–9 2–6 1–11

Average value before died (USD)* 348.18 431.54 405.69 305.15

Average value before died (USD)* 38.12 49.04 – –

When animal died

Before 14/03/11 1

14/03/11

15/03/11

16/03/11 3 4

17/03/11 27 3 27

18/03/11 3 1

19/03/11 2

After 19/03/11 3

Total large ruminant losses 129 52 72 179

Average large ruminant loss per household 4.0 2.4 2.9 3.4

How farmer responded to the cold exposure (%)

Animals in-housed with fire for warmth at night 53 68 12 8

Animals in-housed at night 47 32 4 0

Did nothing 0 0 84 92
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survey also revealed that there were more deaths in cattle
than in buffalo and more females than males died. Most
cattle and buffalo in Nakud and Navieng village of Hua
Phan province were found dead in the forest, particularly on
17th March 2011. The results of laboratory analysis of
tissue samples showed that the mortality was very unlikely
to have been caused by bacterial or viral infection.

Of the 32 and 22 interviewed farmers in Nadee and
Nong villages of XK Province, 68 and 53%, respectively,
said they responded to the cold event by keeping their
livestock housed and building a fire to warm them
overnight. However, some of their stock still died. When
asked if they provided any supplementary feed for their
stock during the cold event, the majority of farmers from
Navieng and Nakud said they did not provide any
supplementary feed to their stock whereas 72% of the
farmers in Nong village said they gave a mixture of rice
straw, fresh grass, vegetable leaf and silage to their stock
during the event.

Economic impact at the surveyed villages

There were 129, 52, 72 and 179 deaths of large ruminants
in Nadee, Nong, Navieng and Nakud, respectively (Table 3).
The mean number of large ruminants lost per household
ranged from 2.36 in Nong to 4.03 in Nadee. The average
estimated value of the cattle before death was USD 226.33
in Nong and USD 307.82 per head in Nakud. The average
value of buffalo before death ranged from USD 305.15 and
USD 431.54 per head in Nakud and Nong, respectively.
The estimated amount received after selling the dried meat
of the affected cattle was USD 24.20 and USD 32.55 per
head in Nadee and Nong, respectively. The estimated value
of the afflicted buffalo after death was USD 38.19 and
USD 49.04 per head in Nadee and Nong, respectively.
There was no response from the interviewed farmers in
Navieng and Nakud about the value of their lost stock, but
it was assumed that they did not receive any cash return
from the dead animals due to remoteness of these villages.
However, all affected farmers salvaged some of the value of
the lost stock by producing beef jerky for family consumption.

The normal price for high quality beef jerky ranged from
USD 10 to 12 per kilogram (80,000–120,000 Lao kip vs
32,000–35,000 kip or USD 8–8.2 for fresh meat) although in
this case farmers were able to sell only limited quantities of the
beef jerky due to low quality of the product.

Cold exposure impact at provincial level

All the seven provinces of Phongsali, Luang Namtha, Hua
Phan Luang Prabang, Xieng Khouang, Xayyabouli and
Vientiane reported losses, involving 46 districts and 1,384
smallholder farmers, with 7,162 cattle and 3,744 buffalo,
respectively, reported dead due to the extreme cold weather.
The data from the Provincial Livestock and Fisheries Office
was used to estimate the economic loss of this extreme
event as approximately USD 2,463,912.00 (Table 4). This
assessment was based on the market price of 1,700,000,
2,000,000 and 700,000 kip per cattle, buffalo and pigs,
respectively, with an exchange rate at 1 USD=8,011 LAK
(Lao Kip). Of the seven provinces, Xieng Khouang was the
most affected area where deaths of 4,600 and 1,665 head of
cattle and buffalo, respectively, were recorded. There was
an additional report of some deaths in large ruminants from
two other northern provinces of Borkeo and Oudomxay.

Discussion

This paper provides a detailed report of the impact of an
extreme cold weather event occurring between 14th and
19th March 2011, including village, district and provincial
data from the affected areas in northern and central Lao
PDR. The economic impact of this cold exposure event was
from the direct loss of livestock worth an estimated
USD 2,463,912.00, although the actual cost of this event
if indirect costs were included would be expected to be
much higher.

This event occurred suddenly without warning, and
smallholders were neither prepared nor had the resources,
capacity and, as we have previously determined, sufficient
knowledge of animal health and production to manage such

Table 3 (continued)

Variables Xieng Khoung Province Hauphan Province

Nadee Nong Navieng Nakud

Supplement feed given during cold exposure (%)

Rice straw, fresh grass, vegetable leaf 100 28 16 6

Rice straw, fresh grass, vegetable leaf and silage 0 72 0 0

Did not give any supplement feed 0 0 84 94

a Rounded. Exchange rate at 1 USD=8,011 LAK (Lao Kip) (Vientiane Times, 2011)

Trop Anim Health Prod



an unexpected event (Windsor et al. 2008; Nampanya et al.
2010). The average number of large ruminants lost per
household was 2.36 in Nong to 4.03 in Nadee of Xieng
Khouang province. This is a significant loss as the average
number of cattle and buffalo owned by smallholders in
northern Lao PDR is less than five (Wilson 2007;
Nampanya et al. 2010). More deaths were observed in
females of both species, and this is probably reflecting the
stage of production as the main calving season of large
ruminants occurs between October and March.

Despite anecdotal reports of a sharp decrease in ambient
temperature resulting in buffalo stock losses and respiratory
disease in other sub-tropical regions (Ahmad and Tariq
2010) and reports of calves and cold-naive buffalo in poor
condition dying from sudden cold exposure in Australian
buffalo enterprises (Department of Local Government and
Regional Development DLGRD 2003), no studies have
been conducted on the ability of the water buffalo (Bubalus
bubalis) to withstand extreme cold. Although they are
highly susceptible to heat stress when exposed to direct
solar irradiation, buffalo are well adapted both behaviourally
and physiologically to allow rapid loss of excess body heat, a
common problem encountered in their native sub-tropical
environment. Buffalo skin is highly vascular, and they are
capable of rapid convective heat loss once they are shaded
from solar irradiation. Ahmad and Tariq (2010) have
demonstrated that buffalo lose much more heat and at a
more rapid rate while shaded than cattle. They have a lower
core body temperature than cattle when not exposed to direct
sunlight, and their core temperature fluctuates more than
tropical cattle when exposed to mild ambient temperatures.

The thermo-neutral zone is described as a range of
temperatures at which an animal needs to expend no energy

to maintain a desirable core temperature. The thermo-
neutral zone of Bos taurus has been demonstrated to be
between 2°C and 21°C and that of Bos indicus between 10°C
and 27°C. Buffalo have been shown to be much more
sensitive at 13°C to 18°C (Ahmad and Tariq 2010; Marai and
Haeeb 2010). This may have been a contributing factor in
the recent mass mortalities of South East Asian buffalo,
when temperatures dipped well below this range. In the
absence of solar radiation and ambient temperatures below a
buffalo’s thermo-neutral zone, a rapid loss of body heat via
the body surface may have resulted in hypothermia.
Historically, it is the combination of cold winds, rain and
rapid drop in temperature that have been associated with
anecdotal reports of illness and death in domestic buffalo
(Ahmad and Tariq 2010). This may be in part due to the
evaporative cooling effects of high wind speeds on their wet,
sparsely haired and highly vascular epidermis.

Coat condition (density, condition etc.) has been shown
to be vitally important for thermoregulation in all bovids in
cold climates (Marai and Haeeb 2010). Wet and matted
coats markedly reduce an animal’s thermoregulatory capacity,
and a dense coat is vital in trapping warm air and maintaining
body temperature in cold conditions (Shutz et al. 2010).
Buffalo are born with a soft hair coat that thins as they age in
response to climate, housing practices and exposure to mud
and water, as well as genetic factors (Marai and Haeeb
2010). Buffalo raised in tropical and sub-tropical environ-
ments are left with little to no hair coat by adulthood and are
reliant on solar radiation to stay adequately warm. Buffalo
found in cooler climates (such as the snowy plateaus of
Afghanistan) retain their hair coat and it serves a vital role in
maintaining their core temperature within range (Marai and
Haeeb 2010).

Table 4 Summary of livestock losses in Lao PDR provinces from cold exposure in March 2011

Province Cattle Buffalo Pig Economic loss
assessment
(LAK)aTotal No

dead
Mortality
(%)

Total No
dead

Mortality
(%)

Total No
dead

Mortality
(%)

Phongsali 41,530 2 4.8×10−5 39,811 83 2.1×10−3 189,447 47 2.5×10−4 202,300,000

Luang Namtha 19,955 29 1.5×10−3 18,162 52 2.9×10−3 84,995 0 0 153,300,000

Luang Prabang 84,267 1,304 1.6×10−2 62,221 396 6.4×10−3 197,496 0 0 3,008,800,000

Huaphan 69,286 579 8.4×10−3 56,878 427 7.5×10−3 152,141 42 2.8×10−4 1,867,700,000

Xieng Khoung 124,588 4,600 3.7×10−2 55,867 1,665 3.0×10−2 81,395 21 2.6×10−4 11,164,700,000

Xayyabouli 104,832 182 1.74×10−3 51,789 485 9.4×10−3 126,939 0 0 1,279,400,000

Vientiane 149,920 466 3.11×10−3 66,497 636 9.6×10−3 101,164 0 0 2,064,200,000

Total losses 594,378 7,162 351,225 3,744 933,577 110

Total LAK 19,740,400,000

Total USD 2,463,912.00

a LAK Lao Kip, based on the market price of 1,700,000, 2,000,000 and 700,000 kip per cattle, buffalo and pig, respectively. Exchange rate at
1 USD=8,011 LAK (Vientiane Times, 2011)
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Acclimation and habituation of buffalo to chronic
thermal stress may take weeks, while acclimation and
habituation does not occur during periods of acute thermal
stress. Ruminants habituate by reducing the effort (metabolic
or insulating) necessary to avoid hypothermia (Kennedy et al.
2005). Somparn et al. (2004) report that it may take South
East Asian cattle between 2 and 7 weeks to acclimatise to
chronic thermal stressors. This indicates that the cold-
exposed cattle in South East Asia would not have physio-
logically or metabolically acclimatised to the brief period of
unseasonal cold weather in March 2011 and that stress
responses would be maximal during this time. Multiple-day,
acute climactic events have reportedly had the greatest
deleterious effects on the success South East Asian agriculture
in the past (Somparn et al. 2004).

Torell et al. (1998) describe the two aetiologies of
hypothermia reported in bovids: exposure (gradual) and
immersion (acute). Exposure is characterised by a steady,
insensible loss of body heat in a cold environment through
respiration, evaporation and a lack of adequate hair coat,
body condition or weather protection. It may affect all
members of a population but particularly old, young or thin
individuals. Immersion involves a rapid loss of body heat
due to a wet saturated hair coat in a cold environment.
Immersion often occurs after birth or during rain and wind.

It appears from consideration of both the literature and
the meteorological conditions identified from 16 to 19
March 2011, when the mortality occurred in cattle and
buffalo in Lao PDR, that either exposure, immersion or
both aetiologies could have been the cause of the
hypothermia reported. Symptoms of a mild case of
hypothermia in a bovid (core temperature below 37.8°C)
include vigorous shivering with increased heart rate and
respiration rate. The nostrils and feet will be cold. Severe
cases will present with paleness due to hypoxia and reduced
tissue perfusion. At severe stages of hypothermia, shivering
will cease as metabolites accumulate and muscle rigidity
ensues. The pulse and respiration begin to slow as body
temperature declines, and by 34.5°C the organs have started
to cool and brain cell metabolism has slowed resulting in
confusion, leading to unconsciousness and eventual death.
Signs of life will be very hard to detect if core temperatures
drop below 30°C. A pulse is usually undetectable and
respiration rate is usually around 4–5 breaths/min (Torell et
al. 1998). It appears from anecdotal reports that both
buffalo and cattle were observed to be progressing through
mild and severe stages of hypothermia during the March
cold event. Farmers reported vigorous shivering followed
by a reduced respiration rate, and eventual death.

Prevention of hypothermia via provision of adequate
wind breaks, shelters, access to high ground and increased
energy content of feed is imperative for buffalo and cattle
survival in periods of acute cold. Heat lamps, open fires and

warming boxes have all been suggested as possible ways to
alleviate the risks of fatal hypothermia in bovines. Howev-
er, it is important that ventilation is maintained so as to
reduce the risk of secondary bacterial infections post-cold
exposure (Torell et al. 1998).

Conclusion

An extreme cold weather exposure event occurred between
14th and 19th March 2011 in northern and central Lao
PDR, and was the first recorded extreme cold event
occurring in living memory prior to the beginning of the
wet season. A total of 7,162 cattle and 3,744 buffalo were
reported to have died, resulting in an estimated economic
loss of USD 2,463,912.00. Many of the mortalities may
have been prevented or at least limited if farmers had better
knowledge of large ruminant health and production, and if
they had been previously advised of how to manage such a
situation. Such knowledge-based interventions need to be
included in livestock development programmes to enable
smallholders to provide resources needed to limit the
financial impact of future cold weather events should they
occur.
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