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Executive summary

1. Background: South Asia’s climatic, agricultural and food security-
context

7KH�FOLPDWH�RI�6RXWK�$VLD�GH¿HV�HDV\�JHQHUDOL]DWLRQ��FRPSULVLQJ�D�ZLGH�UDQJH�RI�FRQGLWLRQV�
across a large geographical scale and varied topography. India, for instance, hosts 6 major 
climatic sub-types, ranging from desert in the west, to alpine tundra and glaciers in the north, 
to humid tropical regions supporting rain forests in the southwest, and the island territories. 
Meanwhile, the climate of Bhutan varies with altitude, manifesting subtropical conditions in 
the south and a polar-type climate, with year-round snow, in the north. 

Against this varied environment, South Asia is one of the poorest regions of the world. In 
2005, more than 40 percent of the region’s population lived on less than 1 dollar a day, as 
compared to 50 percent in sub-Saharan Africa (World Bank 2010). More than 75 percent of 
South Asia’s poor live in rural areas and most rely on agriculture for survival. In addition, 
South Asia has one of the highest child-malnutrition rates in the world. In India and 
Bangladesh, the percentage of children who do not receive adequate food is 40 percent 
(Global Health Initiative 2010). 

2. Status of South Asian meteorological services 

The quality of meteorological services in South Asia varies by country. For instance, India’s 
PHWHRURORJLFDO�VHUYLFH��ZKLFK�ZDV�RI¿FLDOO\�HVWDEOLVKHG�LQ������DQG�KDV�UHFRUGV�GDWLQJ�EDFN�
WR�������WKH�¿UVW�PHWHRURORJLFDO�REVHUYDWRU\�ZDV�VWDUWHG�DW�.RONDWD�LQ��������PDLQWDLQV�D�
large number of weather stations and, more than 10 years ago, opened a National Centre for 
Medium-Range Weather Forecasting (NCMRWF). In contrast, the meteorological services 
of Bhutan, Nepal, and Sri Lanka are less well established. All three of these meteorological 
services could improve, both in their monitoring and forecasting abilities. Resources are also 
severely lacking in these three countries. 

Encouragingly, the meteorological services of Pakistan and Bangladesh are in the process 
of developing their abilities. For instance, in addition to maintaining 35 meteorological 
observatories, the Bangladesh Meteorological Department hosts an Agrometeorological 
Observatory and a Flood Forecasting Warning Centre. Meanwhile, the Pakistan Meteorological 
Department – which maintains a range of monitoring and forecasting activities – offers 
professional training in various branches of meteorology through its Institute of Meteorology 
and Geophysics in Karachi. 

3. Agricultural advisory services in South Asia 

As with meteorological services, the quality and coverage of agricultural advisory services 
vary throughout the region. India leads the region in the provision of agricultural advisory 
services, maintaining a National Centre for Medium-Range Weather Forecasting, which 
provides weather forecasts at smaller spatial and temporal scales. The International Institute 
of Information Technology (IIIT) in India, on an experimental basis, initiated an innovative 
Meteorological Service providing agricultural advice to farmers in Andhra Pradesh. They 
make use of a unique system that allows village-level coordinators to photograph farmers’ 
¿HOGV�DQG�VHQG�WKH�SKRWRV�EDFN�WR�KHDGTXDUWHUV�IRU�DGYLFH��2QFH�H[SHUWV�DW�WKH�,,,7�KDYH�
looked at the photos and consulted forecasts, they are able to communicate with the farmers 
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about current and future weather conditions and possible management strategies. In this way, 
rural farmers are able to consult with experts in near-real time. 

In other countries in South Asia, similar efforts are underway. For instance, the Bangladesh 
Meteorological Department (BMD) issues one-month long-range forecasts for agricultural 
planning and 10-day agrometeorological forecasts for regular agricultural operations. In 
DGGLWLRQ��WKH�%0'�LVVXHV�DJULFXOWXUDO�DGYLVRU\�EXOOHWLQV�EDVHG�RQ�VSHFL¿F�FURS�FRQGLWLRQV�DQG�
the weather forecast at 10-, 30- and 90-day intervals. 

In Pakistan, agrometeorological services have been in place since 1988, when the National 
Agromet Centre and 5 Regional Agromet Centres were established. Here, collaboration 
on agricultural advisories includes participation of the public universities, several research 
institutes and NGOs, and the National Agromet Centre. Such collaborations have resulted in 
advisory bulletins, an observational network and increased monitoring, as well as crop and 
harvest calendars. 

While the Agromet Division of Sri Lanka’s National Meteorological Centre does collect data, 
LW�GRHV�QRW�\HW�SURYLGH�VSHFL¿F�ZHDWKHU�EDVHG�DJULFXOWXUDO�DGYLVRULHV�WR�IDUPLQJ�FRPPXQLWLHV��
+RZHYHU��VHYHUDO�SULYDWH�RUJDQL]DWLRQV�DUH�SURYLGLQJ�VSHFL¿F�FURS�EDVHG�DGYLVRULHV��7KLV�LV�
somewhat similar to the case in Nepal and Bhutan, where the meteorological departments do 
not maintain a special division to deal exclusively with agricultural meteorological aspects, 
but where a few private organizations provide information to farming communities. 

4. Challenges and opportunities 

Because all the countries in South Asia are heavily dependent on agriculture, there is an 
urgent need to strengthen agrometeorological services in all of them. To support these 
activities, the network of weather observatories in each of these countries must to be 
strengthened and connections between agricultural and meteorological services must be 
improved. 

6SHFL¿F�UHFRPPHQGDWLRQV�IRU�LPSURYLQJ�DJULFXOWXUDO�DGYLVRU\�VHUYLFHV�LQ�6RXWK�$VLD�LQFOXGH�
�� Each of the countries in South Asia must engage in a micro-level resource inventory 

DQG�GDWDEDVH�RI�FOLPDWH��VRLO��ZDWHU��FURS��HFRQRPLF��VRFLDO��OLYHVWRFN�DQG�¿VKHULHV�GDWD��
�� Contingency planning for all districts in these countries should be prepared to meet 

climate risks effectively.
�� The weather forecasting capabilities, including medium-range weather forecast 

reliability, should be increased in all the South Asian nations. To accomplish this, 
expertise and information should be freely exchanged across the countries. 

�� The research wings of agrometeorological institutions should be strengthened in order 
to provide information on crop-weather-pest/disease relationships for agricultural 
advisory bulletins.

�� Existing drought monitoring institutions of various countries should develop close 
linkages with their respective agricultural research institutions and state agricultural 
universities for providing the viable solutions to meet the challenges posed by 
droughts. 

�� 7KH�H[LVWLQJ�DELOLW\�WR�PRQLWRU�DQG�IRUHFDVW�ÀRRGV�VKRXOG�EH�VWUHQJWKHQHG��,Q�DGGLWLRQ��
WKH�PRVW�YXOQHUDEOH�UHJLRQV�VKRXOG�EH�LGHQWL¿HG�DQG�PHDVXUHV�VKRXOG�EH�WDNHQ�WR�
reduce this vulnerability. 

Measures should be taken to increase awareness among the farmers regarding the importance 
of weather information for agricultural decision-making. The extension activities in these 
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countries need to be strengthened further. Needs-based training and the use of information 
and communication technology to reach the farmers effectively on a near-real time basis with 
weather-based management strategies is urgently needed to meet the challenges facing the 
agriculture sector from climate change.
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1.  Background: South Asia’s climatic, agricultural and 
food security context 

Introduction

The South Asian countries, Bangladesh, Bhutan, India, Nepal, Pakistan and Sri Lanka, are 
bounded in the south by India Ocean, in the southeast by the Bay of Bengal, in the southwest 
by the Arabian Sea, and in the north by the Himalayas (Figure 1).

The region spans an area of 4.48 million square kilometres (km2) (or 10 percent of the 
Asian continent) and accounts for a population of about 1.59 billion (http//en.wikipida.org/
southasia), which is roughly 40 percent of Asia’s population. The population density varies 
from 1099/km2 in Bangladesh to 181/km2 in Bhutan. In India, Sri Lanka, Pakistan and Nepal 
respectively, the average population densities are 365, 309, 225 and 200/km2 (Table 1).

The topography of the region consists of mountains, plateaus, dry areas and intervening 
structural basins. World-famous natural sites, including the world’s highest mountain 
(Everest) the largest mangrove swamp (Sunderbans), temperate forests, hot and cold deserts, 
river plains (Indo-Gangetic plains), and beautiful coral reef lagoons are located in the region. 
The region in general slopes from north to the east and to the west. The northwest part of the 

Figure 1. South Asia.  
(Source: www.freeworldmaps.net.)
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region houses the Indus plains and deserts; the Greater Himalayas in the north tower over 
ÀDW�SODLQV�DORQJ�WKH�5LYHU�*DQJHV��)URP�HDVW�WR�ZHVW��+LPDOD\DQ�UDQJHV�FRYHU�D�OHQJWK�RI�
2500 km and are the major source of many perennial rivers – a lifeline for millions of people 
in the Indo-Gangetic plains. This region also has a long coastline, running 10,000 km from 
Bangladesh to India and Pakistan.

A typical monsoon climate – wet summers and dry winters – prevails over greater part of the 
region. The southwest monsoon (June–October) brings maximum rainfall. However, some 
of the regions in peninsular India and also in Sri Lanka receive substantial rainfall during the 
post-monsoon season due to northeast monsoon activity. Also, some parts of northern end 
of the South Asian region receive winter rains from extra tropical systems moving west and 
south into these parts. Due to variation in land forms and their distance from the equator, 
UDLQIDOO�DQG�FOLPDWH�YDU\�VLJQL¿FDQWO\�DFURVV�DQG�ZLWKLQ�WKHVH�FRXQWULHV��,QGLD�H[SHULHQFHV�
almost all types of climate, varying from extremely arid (hot and cold deserts) to highly 
humid. The rainfall among the countries varies from less than 200 millimetres (mm) in the 
desert region covering parts of Pakistan and India, to over 3000 mm in the southwest parts of 
Sri Lanka and Bangladesh and over 4000 mm in northeast region of India; the world’s highest 
rainfall, above 11,000 mm at Mawsynram, is found in the region.

Monsoon and post-monsoon periods are characterized by cyclones and moderate to deep 
depressions crossing inland from the Bay of Bengal and Arabian Sea regions into coastal 
regions of India and into Bangladesh and Sri Lanka. These low-pressure systems provide the 
major part of the annual rainfall. In addition, rainfall associated with the movement of the 
monsoon trough across the Indian subcontinent also comprises the rainfall distribution over 
the study region. The movement of these systems onto the land mass brings copious rainfall, 
ZKLFK�PHDQV�WKDW�UDLQIHG�DJULFXOWXUH�LV�JUHDWO\�LQÀXHQFHG�E\�WKHVH�V\VWHPV�DQG�WKH�DVVRFLDWHG�
rainfall distribution.

The climate of the region varies from extremely arid to semi-arid in Pakistan, to humid to 
sub-humid in India, Bhutan, Nepal, Bangladesh and Sri Lanka. There is a wide variability 
LQ�FOLPDWH�W\SHV�DFURVV�WKH�FRXQWULHV�RI�WKH�UHJLRQ��7KLV�UHJLRQ�DOVR�ZLWQHVVHV�VLJQL¿FDQW�
variations in temperature (more than –20°C in the cold desert region of Ladakh and Leh in 
winter to about 48°C to 50°C in desert regions of India and Pakistan and 45°C to 47°C in 
some plain regions during summer).

Table 1. General information on South Asia.

Country Area (km²)

Population 

(millions)

Density  

(per km²)

GDP millions 

of USD 

(2009)1 Per capita 

Bangladesh 147,570 162.22 1099 $100,002 $551

Bhutan 38,394 0.69 181 $1269 $1832

India 3,287,240 1198 365 $1,235,975 $1122

Nepal 147,181 29.33 200 $12,615 $427

Pakistan 803,940 180.81 225 $166,515 $981

Sri Lanka 65,610 20.24 309 $41,323 $2068

�� 7KH���V\PERO�PHDQV�86�GROODUV�WKURXJKRXW�WKLV�SDSHU��XQOHVV�RWKHUZLVH�VSHFL¿HG�
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The region can be divided into two main land units: the ancient land mass of peninsular India 
and the young Himalayas and associated ranges. Sri Lanka forms a part of ancient land mass, 
while northwest Pakistan, the northern part of the Indian subcontinent, including Nepal and 
Bhutan, forms the young Himalayan range.

6HYHUDO�RI�6RXWK�$VLD¶V�PRVW�LPSRUWDQW�ULYHU�V\VWHPV�RULJLQDWH�LQ�XSVWUHDP�FRXQWULHV�DQG�ÀRZ�
LQWR�WKH�RWKHU�FRXQWULHV��)RU�H[DPSOH��WKH�,QGXV�RULJLQDWHV�LQ�&KLQD�DQG�ÀRZV�LQWR�3DNLVWDQ��
While the Ganges originates in India, the Brahmaputra river system originates in China; both 
WKH�ULYHUV�ÀRZ�LQ�WR�,QGLD�DQG�WKHUHDIWHU�WR�%DQJODGHVK��6RPH�RI�WKH�RWKHU�PDMRU�ULYHU�V\VWHPV�
±�WKH�1DUPDGD��*RGDYDUL��.ULVKQD�DQG�.DYHUL�±�ÀRZ�DFURVV�WKH�SHQLQVXODU�,QGLD��7KH�3DGPD��
Jamuna and Meghana are the three major rivers in Bangladesh, with innumerable branches 
that drain water into the Bay of Bengal. In Sri Lanka, about 103 rivers or rivulets drain water 
in a radial pattern across the country (SACEP 2012). The major river, the Mahaweli, caters to 
the needs of people in 16 percent of the country. Bhutan does not have a major river system; 
DOO�RI�LWV�PLQRU�ULYHUV�ÀRZ�LQWR�PDMRU�ULYHUV�LQ�,QGLD�RU�%DQJODGHVK�

Vegetation

7KH�PRQVRRQ�UDLQIDOO�SDWWHUQ�SOD\V�D�VLJQL¿FDQW�UROH�LQ�GHWHUPLQLQJ�YHJHWDWLRQ�W\SH��%URDGO\��
WKH�IROORZLQJ�IRXU�W\SHV�RI�YHJHWDWLRQ�EDVHG�RQ�UDLQIDOO�DUH�LGHQWL¿HG�LQ�WKLV�UHJLRQ�
1. Evergreen forests
2. Deciduous forest
3. Dry forests and scrubland 
4. Desert and semi-desert vegetation. 

$ERXW������SHUFHQW�RI�ZRUOG¶V�ÀRUD�DQG����SHUFHQW�RI�LWV�IDXQD�DUH�ORFDWHG�LQ�6RXWK�$VLD�
�6WDWH�RI�WKH�(QYLURQPHQW��6RXWK�$VLD��������$SSUR[LPDWHO\��������VSHFLHV�RI�ÀRZHULQJ�

Figure 2. Vegetation types of South Asia. 
(Source: Amog, 2008 in wikimedia.org/Natural_vegetation_South_Asia.png.) 
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SODQWV�����FRQLIHUV�DQG�F\FDGV������RI�IHUQV�DQG������RI�KLJKHU�SODQW�VSHFLHV�DUH�LGHQWL¿HG�LQ�
WKLV�UHJLRQ��DFFRUGLQJ�WR�YDULRXV�ELRGLYHUVLW\�VRXUFHV��6LPLODUO\��WKH�LGHQWL¿HG�IDXQDO�GLYHUVLW\�
comprises 933 species of mammals, 4494 birds, 923 reptiles, 332 amphibians and 342 fresh 
ZDWHU�¿VK�VSHFLHV��DFFRUGLQJ�WR�VDFHS�RUJ��,QGLD�DQG�6UL�/DQND�LV�KRPH�WR�WKUHH�RI�WKH�ZRUOG¶V�
18 biodiversity hotspots: the eastern Himalayas in Nepal, Bhutan and northeast India, the 
western Ghats in India and the southwest Ghats in Sri Lanka. To protect endangered species 
in these hotspots, more than 200,000 km2 have been reserved (UNISDR 2012).

7KH�UHJLRQ¶V�ZHWODQGV�FRPSULVH�ÀRRG�SODLQV��PDUVKHV��HVWXDULHV��ODJRRQV��WLGDO�PXG�ÀDWV��
reservoirs, rice paddies, saline patches, fresh water marshes and swamps, over about 
1.34m hectares (RRCAP 2001). South Asia is home to many wetlands. In India alone there 
are 25 Ramsar sites (wetlands of international importance designated under the Ramsar 
&RQYHQWLRQ��VRXWK�DVLD�ZHWODQGV�RUJ���DQG����LQ�3DNLVWDQ��6UL�/DQND�KDV�¿YH�DQG�%DQJODGHVK�
has two Ramsar sites (SACEP 2011). While 54.5 percent of the region is agricultural land, 
41.37 percent is arable (the region’s arable land has decreased from 42.69 percent in 2000 
to 41.37 in 2009 (World Bank data, 2010 and 2013)), the decrease being more in India and 
Bangladesh (59.9 to 58.6%). The availability of arable land for those dependent on agriculture 
has declined from over 1 hectare (ha) per person at the beginning of the 20th century to less 
than 0.1 ha today (GWP, IWMI 2011) .

Natural resources of the study region

Bangladesh 
Except for the hilly regions in the northeast and southeast, the country consists of low 
ÀDW�ODQGV�ZLWK�D�JRRG�QHWZRUN�RI�ULYHUV�DQG�WULEXWDULHV��7KH�WRSRJUDSK\�RI�WKH�FRXQWU\�LV�
ÀDW�ZLWK�D�UHOLHI�UDQJLQJ�IURP���WR���PHWUHV��$ERXW����SHUFHQW�RI�WKH�DUHD�LV�SURQH�WR�WLGDO�
LQXQGDWLRQV��'XH�WR�ÀDW�WHUUDLQ��ULYHUV�SDVVLQJ�WKLV�FRXQWU\�KDYH�H[WUHPHO\�ORZ�JUDGLHQWV�RI�
4–5 centimetres per kilometre (cm/km) for the Ganges, 6–10 cm/km for the Brahmaputra, and 
3 cm/km for the Meghana (Rashid and Pramanik 1990). Most of the land area (64 percent) is 
occupied by the agricultural sector, while forests occupy 18 percent of the area (Figure 3). 

The high growth rate of population and the country’s low natural-resource base has resulted 
in a low land-to-person ratio, which is further threatened by natural hazards including severe 
F\FORQHV�DQG�IUHTXHQW�ÀRRGV��$JULFXOWXUH��PDQXIDFWXULQJ�LQGXVWULHV�DQG�RWKHU�VPDOO�VFDOH�
industries are major contributors to country’s economy. Among them, agriculture contributes 
roughly about 20 percent to GDP. However, in recent years agriculture’s relative contribution 
has decreased while manufacturing sector’s contribution has steadily increased.

The country is home to the largest delta in the world. Formed by the Ganges, Brahmaputra 
and Meghana rivers, it covers a huge catchment area of 1.554 million km2. After crossing into 
Bangladesh from India, the Ganges and the Brahmaputra are known as Padma and Jamuna 
respectively. These rivers carry large quantities of sediment-laden water from the Himalayas 
and about 2.4 billion tons of soil is washed through these river system per year (Milliman and 
Meadu 1983). The country is also blessed with numerous perennial and seasonal water bodies 
that are locally known as haors, beels, baors, khals, pukurs and dighies. 

The country’s terrestrial and aquatic areas support a large number of plant and animal 
SRSXODWLRQV��0DQJURYH�IRUHVWV�LQ�6XQGDUEDQV�SUHVHQW�D�XQLTXH�HQYLURQPHQW�RI�ÀRUDO�DQG�
IDXQD�FRPELQDWLRQV��,W�VXSSRUWV�����VSHFLHV�RI�¿VK�DQG�����VSHFLHV�RI�ELUGV�DQG�����VSHFLHV�
of plants (MoEF 2001). Over 60 percent of the total land area in Bangladesh is cultivated, 
SHUKDSV�WKH�KLJKHVW�SHUFHQWDJH�LQ�$VLD��+DOOV��������7KH�FRXQWU\�KDV�DWWDLQHG�VHOI�VXI¿FLHQF\�
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in food production and has produced more than 25 million metric tons of cereals per annum 
since 2000 (World Food Programme 2010). 

The climate of Bangladesh is characterized as warm tropical. Topographic conditions modify 
the distribution of rainfall (CCNDPPE 2011). The mighty Himalayas in the north greatly 
LQÀXHQFH�WKH�FOLPDWH�RI�WKH�FRXQWU\�DQG�PDNH�LW�PRUH�RU�OHVV�WURSLFDO��7KH�FRXQWU\�UHFHLYHV�
rainfall in three seasons: pre-monsoon, monsoon and winter. The main rainy season (monsoon) 
starts by the end of May and continues until October. The rainfall during this season varies 
from 1200 mm in the extreme west to 5800 mm in the east and northeast (Figure 4).

Figure 3. Physiographic map of Bangladesh. 
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The highest recorded rainfall of 6500 mm is at Lalakhal in the northeast (Rashid 1991, MoEF 
2001). In most places, more rain falls in June than in July and August. Though this region 
receives rainfall during pre-monsoon seasons, its contribution toward annual rainfall is less 
and highly variable. However, they are quite useful for the standing crops, including late boro 
�ZLQWHU��ULFH�DQG�VXPPHU�ULFH��DQG�IRU�¿HOG�SUHSDUDWLRQ�IRU�GU\ODQG�FURSV��7KH�ZLQWHU�UDLQV�
DUH�PRVWO\�FRQ¿QHG�WR�WKH�QRUWKHUQ�SDUW�RI�WKH�FRXQWU\��ZLWK�UDLQIDOO�UDQJLQJ�IURP���WR���FP��
Fog and mist are common from November to March. About 2 cm of dew falls in humid areas 
GXULQJ�'HFHPEHU�DQG�-DQXDU\��7KH�IRJ�LV�FRQ¿QHG�WR�RQO\�KLJKHU�UDQJHV�RI�KLOO�WUDFWV��+LJKHU�

Figure 4. Average annual rainfall of Bangladesh. 
(Source: Bangladesh Agricultural Research Council, Bangladesh.)
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maximum daytime temperatures are recorded between the last week of March to end of April, 
with the values ranging from 24°C to 38°C in various parts. Average minimum temperature 
ranges from 11.1°C to 26.4°C (MoEF 2001).

The western part of the country records higher temperatures compared to other regions. The 
temperature during the hot summer season (March–June) may reach above 40°C for a period 
of 5 to 10 days. Temperature ranges from 20°C to 36°C during monsoon season. The mean 
maximum temperatures over most of Bangladesh are around 31°C and the mean minimum 
is around 25°C. The minimum temperature during winter season (November–March) ranges 
from 8°C to 15°C and can fall below 5°C in the northern part.

Nepal 
Nepal is a land-locked country with rectangular shape, bordering India in east, west and 
south and China in the north. It represents a transitional mountain area, with approximately 
three-quarters of its land (76.9 percent) covered by rugged hills and mountains, and the rest 
of the area (23 percent) covered by plains (Figure 5). There are about 6000 rivers of different 
sizes and length. Among them around 1000 are only a few kilometres long and 100 are up to 
160 km (Mahesh 2010). 

The country has a population of 23.15 million (according to the 2001 census, while the 2011 
census recorded 26.5 million) and the density is 157 people/km2 (Nepal Population Report 
2011). The population density varies among the ecological regions. For instance, the density 
is 330 and 167 people/km2 in Terai and the hill regions respectively, while there are only 
33 people/km2 in the mountain region. The highest population density (more than 1700/
km2) is in Kathmandu district in Terai, and the lowest is (2.4/km2) in Manang district in the 
mountains (Sudip Regmi 2012).

Only 2 percent of Nepal’s mountain area is suitable for cultivation, whereas one tenth of the 
hill area is considered suitable for agricultural practices. The Terai area, which constitutes 
about 23 percent of the total landmass, is the major food-producing region. Land-use data 
indicates that 2.97m ha is under agricultural crops and 0.99m ha under non-agricultural crops, 

Figure 5. Physiographic map of Nepal. 
�6RXUFH��ZRUOGPDSÀQGHU�FRP��
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while 5.8m ha is forest and 1.7m ha pasture; 3.1m ha fall under other categories (UNFCCC 
2004). About 29 percent of the total area of Nepal is covered under forests which are grouped 
under 4 categories: (1) tropical and sub tropical, (2) temperate and alpine broad leaved,  
(3) temperate and alpine conifer, and (4) minor temperate and alpine association (Stainton 
�������$ERXW�����W\SHV�RI�HFRV\VWHPV�KDYH�EHHQ�LGHQWL¿HG�LQ�GLIIHUHQW�SK\VLRJUDSKLF�]RQHV�
of Nepal, with about 58 and 38 ecosystems in mid-mountain areas and highlands respectively. 
7KH�FRXQWU\�LV�DOVR�KRPH�WR�D�UDQJH�RI�ZLOG�SODQW�VSHFLHV��$ERXW������ÀRZHULQJ�SODQWV��
380 species of petridophytes and 850 species of bryophytes have been reported in the country. 
7KLV�FRQVWLWXWHV�EHWZHHQ���DQG���SHUFHQW�RI�ZRUOG¶V�ÀRUD��1HSDO�LV�DOVR�ULFK�LQ�ZLOG�DQLPDOV��
About 181 species of mammals and 844 species of birds are found in the country (United 
1DWLRQV�&RQYHQWLRQ�WR�&RPEDW�'HVHUWL¿FDWLRQ�������

Agriculture is the major source of income in Nepal, where more than 80 percent of the 
population depends on this sector for survival. While the country as a whole has surplus  
cereal production, disparity in food availability has been noticed among the different 
HFRORJLFDO�]RQHV��7KH�FRQWULEXWLRQ�RI�DJULFXOWXUH��LQFOXGLQJ�IRUHVWU\�DQG�¿VKHU\��WR�WRWDO�*URVV�
Domestic Product (GDP) was about 37 percent at the beginning of this century (Ministry of 
Agriculture and Cooperation 2001). Livestock contributes 30 percent of the total agricultural 
GDP (Durga 2012). 

Nepal has a wide variety of climates, ranging from tropical in the southern part to alpine 
in the north. It has 5 climate types: subtropical monsoon, warm temperate, cool temperate, 
alpine and tundra. The country has 4 distinct seasons: pre-monsoon (April–May), monsoon 
(June–September), post-monsoon (October) and winter (November–March). Over 80 percent 
of the total rainfall is received during monsoon season. The country’s highest annual 
rainfall of nearly 5200 mm is received in eastern parts (Figure 6), while the north western 
leeward portions (International Center for Integrated Mountain Development Climatic and 
Hydrological Atlas of Nepal 1996) receive less rain (250 mm a year). 

The temperature sharply falls from south to north. In some areas in the plains, the summer 
temperature may vary beyond 40°C while it could fall below –10°C in the northern parts 
during winter months. 

Figure 6. Annual rainfall in Nepal. 
(Source: Department of Hydrology and Meteorology, Nepal.)
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Bhutan
Bhutan has an area of 40,077 km2. The terrain is mostly mountainous with extreme variations 
in elevations – from 100 metres (m) in south to about 7500 m in the north. Bhutan can be 
divided into three distinct physiographic zones: the southern foothills, the inner Himalayas, 
and the high Himalayas (CCNDPPE 2011). Seventy-seven percent of the area lies in the range 
of 600 to 4200 m altitude. It has population of about 690,000 people. Bhutan ranks in the top 
10 percent of countries in the world with a large species diversity, allocating 26.3 percent of 
its land area to 5 national parks and 4 wildlife sanctuaries (FRA 2000). The country has been 
FODVVL¿HG�LQ�WR���DJUR�HFRORJLFDO�]RQHV��)LJXUH�����
1. Wet subtropical zone (150–600 m) 
2. Humid subtropical zone (600–1200 m)
3. Dry subtropical zone (1200–1800 m)
4. Warm temperature zone (1800–2600 m)
5. Cool temperature zone (2600–3600 m)
6. Alpine zone (more than 4600 m).

Bhutan has three climatic zones: (a) the southern plains, which are subtropical and 
FKDUDFWHUL]HG�E\�KLJK�KXPLGLW\�DQG�KHDY\�UDLQIDOO���E��WKH�FHQWUDO�EHOW�RI�ÀDW�YDOOH\V�
characterized by cool winters and hot summers, with moderate rainfall; and (c) high valleys 
with cold winters and cool summers (RGB 2006). These complex climatic conditions are 
experienced by Bhutan mainly due to the country’s geographical location, at the periphery of 
the tropical circulation in the north and on the periphery of the Asian monsoon circulation in 
the south. 

The southwest monsoon is active over the region during mid-June to September, contributing 
60 to 90 percent of annual rainfall in different regions of the country. The annual rainfall 
varies from less than 500 mm in the alpine zone to up to 5000 mm in the wet subtropical zone 
in the southern border area (VIII FYP 1997). The mean annual temperature varies from 5.5°C 
to 23.6°C across these zones. The country experiences hot and humid subtropical conditions 
in the south to perpetual ice and snow in the high Alpine regions (CCNDPPE 2011). Severe 
thunderstorms and landslides are major natural hazards faced by the population of Bhutan. 

Figure 7. Agro-ecological zones of Bhutan. 
(Source: Dorji 1995.)
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The steep slopes limit the expansion of agricultural activities. However, the natural streams 
with good slopes have the potential for generation of hydroelectric power and watersheds for 
increasing agricultural productivity. The country has 9 major watersheds; these are further 
divided into 42 sub- and 406 mini-watersheds (FRA 2000). 

Bhutan’s economy is primarily agricultural as approximately 70 percent of the population 
depends on agriculture for their livelihood. Since at least 69 percent of Bhutanese depend 
on subsistence farming, crop failure and livestock stressors affect the most vulnerable 
communities in the rural areas (National Adaptation Programme of Action 2012). Annual 
agriculture sector growth averaged 2.2 percent in real terms from 2000–2009 (FAO 2012). 
The share of the agricultural sector in GDP declined from approximately 55 percent in 1985 
to 33 percent in 2003. Despite this, agriculture still remains the primary source of livelihood 
for the majority of the population (www.gnhc.gov.bt). Nearly 8 percent of the total land is 
used for agriculture and is being practiced as subsistence farming by growing mostly cereals 
(ICIMOD 2006). In recent years, strong, positive growth occurred among the high-value fruit 
and vegetable crops, while there has been a decline in the cereal crops that account for staple 
food production. The GDP contribution of maize, paddy, wheat and barley – the main food 
staples – has declined substantially and this decline has accelerated since 2007. Their weak 
performance has severely compromised overall crop-sector growth rates (FAO 2012).

Pakistan
Pakistan has a total area of 79.61m ha, out of which 27 percent (17.2m ha) is cultivated and 
8 percent is covered with forests. It has a wide variety of geographical features including 
mangrove swamps in the south, deserts in the west, fertile plains in the central region, and 
snow-covered peaks in the north. The country has been divided into 10 agro-ecological 
regions (Figure 8): Indus delta, southern irrigated plains, sandy desert, northern irrigated 
plains, rainfed regions, wet mountains, northern dry mountains, western dry mountains, 

Figure 8. Agro-ecological regions of Pakistan. 
(Source: FAO 2002.)
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Figure 9. Mean annual rainfall in Pakistan. 
(Source: UNEP.)

dry western plateau and Sulaiman piedmont (FAO 2002). Pakistan has a population of 
135.3 million and agriculture contributes 24 percent to GDP (Afzal 2012).

Pakistan has a great variety of habitats among its various agro-ecological zones. About 
6000 species of plants, 200 species of mammals, more than 650 species of birds, more than 
����VSHFLHV�RI�¿VKHV�DQG����VSHFLHV�RI�DQXUDQ�DPSKLELDQV�KDYH�EHHQ�LGHQWL¿HG��)RRG�JUDLQV�
are grown on 56 percent of the cropped area, while cash crops are grown on 17 percent, pulses 
on 7 percent, oilseeds on 3 percent fruits on 2 percent vegetables and condiments on 1 percent 
each, and other crops, including fodder, on 13 percent area (MINFAL 1995). The majority of 
crops are grown under irrigated conditions. Seventy percent of irrigation is through canals and 
the rest from tube wells (Afzal 2012).

7KH�FRXQWU\�UHFHLYHV�D�VLJQL¿FDQW�SDUW�RI�UDLQIDOO�WKURXJK�WKH�VRXWKZHVW�PRQVRRQ��-XO\�WR�
September). The monsoon season is short as the country is located at the tail end of the 
monsoon current, with the result that the quantum of rainfall is low (Figure 9). Winter rains 
from western disturbances fall during January and February. Some contribution through 
snowfall occurs in the extreme northern regions of the country (Salman et al. 2012). The 
quantity of rain that falls during monsoon season varies from less than 125 mm in arid desert 
to more than 2000 mm in wet mountain areas. Similarly, winter rainfall varies from less than 
100 mm in the southern region to above 100 mm in the wet mountain regions. Hence people 
in this region depend more on canals and groundwater for irrigation than their counterparts 
elsewhere in the South Asian region. The mean summer maximum temperatures vary from 
more than 40°C in most of the country, except the mountain regions (FAO 2004).

Agriculture is the largest generator of livelihoods. However, with increased industrialization 
and urbanization, its contribution to GDP decreased from 52 percent in 1950–51 to 
21.9 percent in 2001–02 (Khan 2004). Next to agriculture, animal husbandry is an important 
occupation of the farming community, contributing more than 50 percent of the agricultural 
GDP. The country has the best livestock breed of the region. Rural poultry contributes 
56 percent of total egg production. Poultry also contributes 23.8 percent of total meat 
production in Pakistan (Ministry of Finance 2012).
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Sri Lanka
Sri Lanka is an island country at the base of Indian subcontinent. It has an area of about 
65,610 km2�ZLWK�D�SRSXODWLRQ�RI������PLOOLRQ��7KH�FRXQWU\�LV�EURDGO\�FODVVL¿HG�DV�WURSLFDO�
monsoon climate, which has almost constant weather throughout the year because of its 
proximity to equator. Sri Lanka has a varied climate ranging from semi-arid to mild temperate 
conditions (CCNDPPE 2011). It has been traditionally generalized into three climatic zones: 
dry, wet and intermediate zone, which are sub divided into 24 agro-ecological regions. The 
FOLPDWH�RI�6UL�/DQND�LV�GLYLGHG�LQWR���GLVWLQFW�VHDVRQV��¿UVW�LQWHU�PRQVRRQ��0DUFK±$SULO���
southwest monsoon (May–September), second inter-monsoon (October–November), and 
northeast monsoon (December–February). The major cropping seasons, however, are the 
YALA, the minor growing (dry) season (March– August) and MAHA, the major growing 
(wet) season (September–February). Average annual rainfall is around 1630 mm, while the 
southwestern region records more than up to 5000 mm (Figure 10). The annual average 
maximum temperature is 31.7°C in the plains and 26.3°C in hilly regions. Similarly, 
the average minimum temperature is 24.4°C and 17.1°C in the plains and hilly regions 

Figure 10. Annual average rainfall in Sri Lanka. 
(Source: columbia.edu.)
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respectively. Income from the agricultural sector contributes only 17% to the national GDP, 
while it employs around 33% of the labour force (Ministry of Environment 2008).

India

India’s total geographical area is 3,287m km2 or about 73.3 percent of the total area of South 
Asia. India supports about 16.2 percent of world’s human population and 18 percent of its 
cattle population (Ramakrishna et al. 2000). It is a land of diverse topography, soils, climate 
and vegetation. It borders Pakistan, Afghanistan, China, Nepal, Bhutan, Bangladesh and 
Mynamar and has a coast line of 6083 km (CEDPA 2004). The country can be broadly  
divided into 4 regions: (1) the northern mountain region; (2) the great plains of the north;  
(3) the peninsular plateau; and (4) the coastal plains and islands. The population density varies 
from 202 people/km2 on the Deccan plateau to 349 people/km2 in the coastal plains and  
456 people/km2 in the great plains (APFISN 2006). Agriculture is the major source of 
income for about 80 percent of the population living in rural areas. However, agriculture’s 
contribution to GDP has fallen from 29.93 percent in 1998–99 to 14.2 percent in 2010–11 
�'$&��������$JULFXOWXUDO�SURGXFWLRQ�LQ�WKH�FRXQWU\�LV�VWURQJO\�LQÀXHQFHG�E\�WKH�VRXWKZHVW�
monsoon seasonal rainfall and also by El Niño/La Niña events (Ramakrishna et al. 2003). 

The total forest area is 51.73m ha and the spatial distribution of forests shows greatest 
variation from tropical rain forests to dry-thorn forests and mountain temperate forests 
�0R()��������7KLV�¿JXUH�KDV�EHHQ�UHYLVHG�E\�)RUHVW�6XUYH\�RI�,QGLD�LQ�LWV�UHSRUW�RI������WR�
69.09m ha, including the area of 0.46m ha under mangroves (FSI 2009). About 16 types of 
IRUHVWV�KDYH�EHHQ�LGHQWL¿HG��$PRQJ�WKHP�WURSLFDO�GU\�GHFLGXRXV�������SHUFHQW��DQG�PRLVW�
deciduous (33.9 percent) are important (FSI 2009). The country is rich in biodiversity due to 
diverse physiographic and climate conditions. It is one of the 12 mega-biodiversity countries 
of the world (FAO 2000). It has 10 bio-geographical zones and about 20 percent of world’s 
ÀRUD�IRXQG�LQ�WKHVH�DUHDV��7KH�FRXQWU\�KDV�DSSUR[LPDWHO\��������VSHFLHV�RI�ÀRZHULQJ�SODQWV��
�����VSHFLHV�RI�¿VK������DPSKLELDQ�VSHFLHV������UHSWLOH�VSHFLHV�������ELUG�VSHFLHV�DQG�
350 mammal species (FES 2005).

The country has been divided into 20 river basins and the average annual Indian river system 
is 1953 cubic kilometres (km3��DQG�WKH�XWLOL]DEOH�ÀRZ�LV�HVWLPDWHG�DV�����NP3 (Rakesh 
Kumar et al. 2005). Floods and droughts affects in some areas of the country in each year. 
It is estimated that one third of the country’s area is prone to drought of different intensities, 
ZKHUHDV�ÀRRGV�DIIHFWV�RQ�DYHUDJH�XS�WR��P�KD�SHU�\HDU��<HGOD�DQG�3HGGL��������*URXQG�ZDWHU�
resources are about 325 km3 (Shah 2001). 

India is broadly a tropical country, but due to variation in elevations and latitudinal extension, 
almost all the world’s climate types – temperate and extremely dry to extremely wet and hot – 
are found there (Ramakrishna et al. 2006). 

India has 4 distinct seasons: winter (December to February), summer (March to May), 
monsoon (June to September) and post-monsoon (October to November). Roughly 80 percent 
of annual rainfall is received during the southwest monsoon period. Winter rainfall from 
western disturbances is mainly restricted to the northern plains and hill regions, while 
occasionally they impact weather in larger parts of the country. Post northeast monsoon 
seasonal rainfall is more prominent in the peninsular India. The spatial distribution of rainfall 
(Figure 11) varies on average from 100 mm in the extreme western part of Rajasthan to 
5000 mm in Meghalaya state in northeast India, where the world’s highest rainfall (more than 
11,000 mm) is recorded at Mawsynram. 
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Maximum temperature is similar over a major part of the country during the southwest 
monsoon period, with higher values (above 45°C) being recorded in the arid region of 
northwest India. The temperature variability is observed more during winter than in summer 
season. Variability decreases from south to north in winter season. The mean maximum 
temperatures during peak cold season varies from 29°C in the peninsular region to 18°C in 
north and mean minimum varies from 24°C in extreme southern region to less than 5°C in 
north. The highest maximum daily temperatures of above 48°C are recorded in the north 
during May and June and with the arrival of the southwest monsoon, a rapid fall in maximum 
temperatures is noticed (Ramakrishna et al. 2000). The mean temperature distribution during 
4 seasons namely monsoon, winter, summer, post monsoon is shown in Figure 12.

Figure 11. Annual normal rainfall pattern (cm) of India. 
(Source: Government of India.)
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Figure 12. Seasonal temperature distribution over India. 
(Source: India Meteorological Department 2010.)
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2. Status of agrometeorological services in South Asia

Meteorological status

The status of meteorological services in various countries indicates that they are in different 
stages of growth. While in countries like India the progress can be categorized as good, it has 
picked up well in other countries like Pakistan and Bangladesh, whereas a lot is needed to be 
done to improve these services in countries like Bhutan, Nepal and Sri Lanka. The present status 
of the meteorological services in these countries is discussed below.

Bangladesh
The Bangladesh Meteorological Department (BMD) maintains a network of surface and upper 
air observatories, radar, satellite stations and agrometeorological observatories, etc. It has its 
headquarters at Dhaka with two regional centres, i.e. Storm Warming Centres (SWC), at Dhaka 
and a Meteorological and Geographical Centre at Chittagong. At present, weather observations 
are recorded at 35 meteorological observatories, 10 pilot balloon observatories, 4 radar stations 
(Country Report, JMA/WMO workshop, July 2010). The Meteorological Department collects 
3-hourly synoptic data, 6-hourly pilot balloon data and 12-hourly agromet data in addition to 
daily Rawin-Sonde data. In the agromet observatories, measurements are made on soil moisture, 
soil temperatures, pan evaporation, solar radiation, evapotranspiration using lysimeters and 
bright sunshine hours, in addition to regular data collection on temperature (maximum and 
minimum), wind speed and direction and rainfall. The Meteorological Department maintains the 
database and has digitized all the 60 years of meteorological data collected at 35 meteorological 
observatories. The data is checked for its quality using World Meteorological Organization 
(WMO) guidelines. The BMD issues 4- and 12-hourly weather forecasts for river and sea 
navigations, 10-day agrometeorological forecasts and long-range (1-month) weather forecasts.

Floods are common in Bangladesh as the Ganges, Brahmaputra and Meghana rivers all 
discharge huge quantities of river waters from upstream regions and a Flood Forecasting and 
:DUQLQJ�&HQWUH��)):&��ZDV�HVWDEOLVKHG�LQ�������'XULQJ�WKH�PRQVRRQ�SHULRG��GDLO\�ÀRRG�
EXOOHWLQV��VSHFLDO�ÀRRG�UHSRUWV��PRQWKO\�ÀRRG�UHSRUWV�DQG�ÀRRG�PDSSLQJ�DUH�SUHSDUHG�DQG�
issued through mass media communication system. Similarly, during dry season, water levels in 
reservoirs and rivers besides rainfall are monitored regularly by the FFWC.

Nepal
Weather observations are maintained by Department of Hydrology and Meteorology (DHM), 
which has operated under the Ministry of Environment since 1962. They monitor all the 
hydrological and meteorological activities in Nepal. The Hydrology Division monitors water 
level and discharge of different rivers and lakes. It also monitors snow and glacier lakes, 
etc. The Meteorology Division is responsible for collection and analysis of weather data for 
agricultural planning, water resources, climate change, climatic atlases and preparation of 
crop calendars. It maintains a nationwide network of 337 rain-gauge stations, 154 hydrometric 
stations, 20 sediment stations, 68 climatic stations, 22 agrometeorological stations, 9 synoptic 
stations and 6 aero-synoptic stations (Country Report, JMA/WMO workshop, July 2010). 
Data are made available to users through published reports, bulletins and computer media 
outputs. Wireless system connects Khatmandu to 54 stations across Nepal for climatic and 
hydrological data whereas Global Telecommunication System (GTS) links DHM to the global 
meteorological community.

At present, the availability of weather information and the issuing of weather forecasts is 
rather inadequate. Except for few basic parameters like precipitation and temperature, the 
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infrastructure for collecting data on wind regime, evaporation, sunshine and radiation is too 
limited and scattered to be of real use for operational forecasting. Most of the equipments 
need modernization and replacement. Further, there is need for the weather services to work 
round the clock to assist in providing timely weather warnings, as natural disasters cost some 
500 lives on average every year. Since 2010 the Finnish government had come forward to 
¿QDQFH�WKH�GHYHORSPHQW�RI�ZHDWKHU�REVHUYDWLRQ�VHUYLFHV�XQGHU�WKH�,QVWLWXWLRQDO�&RRSHUDWLRQ�
Instrument (ICI). It aims to modernize the technology of weather services in Nepal, and train 
Weather Department personnel. The ICI for regional cooperation in Himalayan region (for 
Nepal and Bhutan) is funded by 1m euros for the period 2013–15.

Bhutan
The Meteorology Department in Bhutan is a part of the Department of Hydro-Met Services 
under Ministry of Economic Affairs. Before 2007, the mandate of weather forecasting was 
under the Ministry of Agriculture and Forests, although all meteorological stations were 
under the Department of Hydro-Met Services (Initially it was called the hydro-meteorological 
services division under the Department of Energy, MoEA). The division was upgraded to a 
full department in December 2011 and the mandate for weather and seasonal forecasting has 
been transferred to this newly created Department of Hydro-Met Services (DHMS) under the 
Ministry of Economic Affairs. At present the department operates and maintains a network 
of 24 river gauging stations, 90 meteorological stations, 9 sediment sampling stations and 15 
ÀRRG�ZDUQLQJ�VWDWLRQV��+RZHYHU��PRVW�RI�WKHVH�VWDWLRQV�DUH�ORFDWHG�LQ�WKH�FHQWUDO�DQG�VRXWKHUQ�
parts of Bhutan with almost none or limited climate monitoring stations in northern Bhutan 
(NAPA 2012). Further only two observations per day are recorded at most of these stations, 
manually. There is often a long delay in data transmission (NAPA 2012). The Department 
provides daily weather forecasting using satellite images given by the Indian Meteorological 
Department, NOAA, Thai met, etc., and numerical weather prediction products generated by 
them to give considerably accurate (80 percent) weather forecasts (Yendra 2012). Currently, 
the daily weather forecasting information to the Bhutan Broadcasting Service (BBS) is given 
by Meteorology Division for widespread transmission to people in the country. These efforts 
are needed to be strengthened further by the government and also by BBS, to create more 
LQWHUHVW�DQG�FRQ¿GHQFH�LQ�WKH�IRUHFDVWV�E\�WKH�IDUPHUV�DQG�SHRSOH�IRU�RSHUDWLRQDO�XVH��

Being a country with a limited land available for cultivation, Bhutan focused on increasing 
agricultural productivity through increased efforts on strengthening the agricultural extension 
DFWLYLWLHV��6LQFH�WKH�ODXQFKLQJ�RI�WKH�¿UVW�¿YH�\HDU�SODQ�LQ������DQG�WKH�HVWDEOLVKPHQW�RI�WKH�
Agricultural Department, agricultural research and extension activities progressed gradually. 
During the following plan periods, substantial improvement for farmers had occurred with 
agricultural and limited weather information. By the 1980s the whole country was covered 
by the extension network. Extension service is currently the main source of information 
to farmers. The Virtual Extension and Research Communication Network (VERCON), a 
conceptual model of FAO, has been adopted by the Ministry of Agriculture. This enabled 
them to link research and extension (R&E) communities and using new information and 
communication technologies (ICTs) to improve communication of crop and weather 
information to the farming community. 

Through a project sponsored by the Austrian Development Agency (ADA) in 2010–11, 
the MetGIS had started issuing weather forecasts for Bhutan which have been successfully 
adapted to its climate conditions (Figure 13) (Spreitzhofer et al. 2012).. This encouraged 
MetGIS to intensify its activities to become an invaluable help to support the daily forecasting 
activities of the Meteorological Division of the Department of Hydrometeorological Services 
(DHMS), the National Weather Service of Bhutan. 
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It has also been trying successfully to generate weather forecasts on special occasions. These 
efforts are helping to enhance and strengthen agricultural advisory services.

,Q�WKH�QH[W�¿YH�\HDU�SODQ��WKH�'+06�LV�WR�ZRUN�ZLWK�WKH�81'3�DQG�ZLOO�EH�SODQQLQJ�WR�
expand the meteorological station network and will also be collaborating with the community 
information centres to provide more reliable and easy access to weather information to their 
YLOODJH�JURXSV��&XUUHQWO\��-XO\�������RI¿FLDOV�IURP�0HWHRURORJ\�DQG�+\GURORJ\�'LYLVLRQV�RI�
the Department of Hydro-Met Services are developing a road map and to develop work plan 
for next 5 years which can be executed for the effective implementation of the South Asian 
Association for Regional Cooperation (SAARC) Monsoon Initiative Programme, with support 
from the Ministry of Agriculture and Forests and other concerned ministries as part of the 
National Working Group on Monsoon (NWGM). 

Pakistan
The Pakistan Meteorological Department (PMD) maintains 92 surface observatories (RBSN), 
55 RBCN, 6 GSN and 50 Automatic Weather Stations (Country Report, JMA/WMO 
workshop, July 2010). There are about 500 rain gauge stations spread across the nation. 
Soil moisture and groundwater levels are monitored at 23 stations. In addition to the above, 
agrometeorological observatories are recorded at 32 stations. These observatories are used for 
DHURQDXWLFDO�DQG�PDULQH�IRUHFDVWV��ÀRRG�IRUHFDVWV��IDUPHUV¶�ZHDWKHU�EXOOHWLQV��SXEOLF�XWLOLWLHV�
such as town planning, construction, crop insurance claims, and air pollution monitoring. The 
ZHDWKHU�GDWD�FROOHFWHG�DW�WKH�REVHUYDWRULHV�DUH�FKHFNHG�E\�WKH�RI¿FHU�LQ�FKDUJH�RI�WKH�VWDWLRQ�

Figure 13. An example of a 2-metre temperature forecast for Bhutan issued by MetGIS. 
(Source: MetGIS.) 
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before they are transmitted to National Meteorological Communication Centre. The data 
are further scrutinized by the Data Processing Centre before being stored. The PMD offers 
professional training in various branches of meteorology through its Institute of Meteorology 
and Geophysics located at Karachi (PMD, 2009). The PMD uses Meso-Scale Model Versions 
(MM-5) for numerical weather forecasting and is planning to use High Resolution Model 
(HRM) with a grid length of 7 km for further improvement of its efforts. Different weather 
products developed by PMD are (a) 24 hours Numerical Weather Prediction (NWP) charts 
– maximum and minimum temperature, daily total rain and snowfall, and (b) rainfall and 
3-hourly NWP charts – precipitation, cloud cover, mean temperature, 200 millibar (mb) height 
wind, 500 mb height wind, 500 mb vorticity, 700 mb height winds, 700 mb vorticity, 850 mb 
height and winds, besides 850 mb vorticity and sea level pressure (WMO 2013).

Sri Lanka
Meteorological activities in Sri Lanka started in the mid-1860s under the aegis of the survey 
department, with the establishment of a network of rain gauges. The country maintains 45 
meteorological stations spread across the island. This includes 5 RBCN, 20 GSN, and 20 
manned stations. In addition, 33 Automatic Weather Stations (AWS) are presently operating 
for weather forecasting and disaster mitigation activities (Country Report, JMA/WMO 
workshop, July 2010). Aviation meteorological activities were initiated in 1946, whereas the 
Department of Meteorology and its Agrometeorology Division were established in 1948 and 
1973 respectively, under the Ministry of Environment and Natural Resources. The National 
Forecasting Centre receives AWS data at 10-minute intervals. Upper-air observations are 
recorded only at 3 stations. Radar and radio sonde observatories are maintained in different 
parts of the country in collaboration with government and research institutes. Nearly 500 
rain gauge stations are scattered over the island; these are manned by the government and by 
individual organizations. The department had established a satellite receiving centre to receive 
High Resolution Picture Transmission data from the National Oceanic and Atmospheric 
Agency in 1996 and satellite data from the India National Satellite System in 1998. From 
March 2005 the department is designated as the lead agency for Tsunami Early Warning 
(Ministry of Disaster Management and Human Rights 2006).

Currently the Sri Lanka Meteorology Department operates under the purview of the Ministry 
of Disaster Management and Human Rights (MDMHR). The daily rainfall data collected is 
thus being sent to this ministry’s data centre at the end of each month. The daily rainfall data 
from 60 locations is also collected over phone for the formulation of the weather forecast 
issued by Met Department. The National Meteorological Centre also provides weather 
forecasts and weather warning to the public, domestic aviation and shipping. The computer 
division of Sri Lanka Meteorological Department archives all the data collected over the 
country and the necessary climate statistics are computed and updated on regular basis. 
Quality control of the weather data is done at many levels: for coding errors, checking for 
spatial and temporal consistency across neighbouring stations and checking against self-
recording charts (WMO 2013).

India
7KH�,QGLD�0HWHRURORJLFDO�'HSDUWPHQW��,0'��LV�WKH�ROGHVW�GHSDUWPHQW�LQ�WKH�UHJLRQ��7KH�¿UVW�
meteorological observatories were established by the British East India Company at Kolkata 
in 1785, Chennai in 1796 and Mumbai in 1804. Following the disastrous cyclone that hit 
Kolkata in 1864 and the failure of monsoon during 1866 and 1871, the then government of 
India established the India Meteorological Department in 1875 with H. F. Blanford as its 
0HWHRURORJLFDO�5HSRUWHU��%HVLGHV�HVWDEOLVKLQJ�RQH�RI�WKH�¿UVW�$JURPHWHRURORJ\�'LYLVLRQV�
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in the world at Pune in 1932, the IMD has generated huge data sets with respect to rainfall 
and other parameters in its archives, with some of the rainfall records dating back to 1844. 
The IMD had started Farmer’s Weather Services in 1945 in the form of a weather bulletin 
broadcast on All India Radio. 

Currently the weather observations network of IMD contains 82 RBSN, 33 RBCN and 20 
GSN and 528 manned stations, 550 AWS (likely to increase to 675) and 324 ARG (likely to 
increase to 1350 in near future). It also has 261 Agromet Observatories and 41 ET (Lysimeter) 
stations, 43 soil-moisture stations, 330 pan-evaporation and 75 dewfall observatories (Country 
Report, JMA/WMO workshop, July 2010). Currently there are 709 surface meteorological 
observatories of different categories under the six regional meteorological centres of the 
IMD (WMO 2013). At present, the IMD is functioning under the Ministry of Earth Sciences 
(MoES).

Based on the recommendations of an expert committee in 1984 for the creation of a centre 
for medium-range weather forecasting in India, the National Centre for Medium Range 
Weather Forecasting (NCMRWF) was established in India in 1988. Thanks to the efforts of 
IRUPHU�3ULPH�0LQLVWHU�6UL�5DMLY�*DQGKL��,QGLD¶V�¿UVW�VXSHUFRPSXWHU�IRU�ZHDWKHU�UHVHDUFK�
was procured in the early 1989. This led to the operationalization of the National Centre for 
Medium Range Weather Forecasting (NCMRWF) in India in 1990. This had given a boost to 
the efforts in India, towards further improvement of the agricultural advisory services in India. 
A detailed report on the status of agricultural advisory services in India (compiled by  
Dr L.S. Rathore, IMD director general) is enclosed separately in the annex below.
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3. Agricultural advisory services in the South Asian 
region

The importance of weather forecasts for effective agricultural operations was well recognized 
by all the countries in the region. Pre-independence India, inclusive of Pakistan and 
Bangladesh, initiated farm advisories in the mid-1940s, and in collaboration with the Indian 
(then Royal) Council of Agricultural Research special weather forecasts were issued for 
farmers. A separate division of agrometeorology was established by the IMD as early as 
1932 to study weather-plant interactions and to prepare climate-based agricultural planning 
activities. With the advancement in global computing systems (i.e. the development of 
supercomputers) in the 1980s, and the launching of weather observatory satellites, the forecast 
accuracy for different regions increased considerably. 

However, information for farmers on a 48- to 72-hour lead time is essential for planning any 
agricultural operations. Focus on this issue has increased and IMD in addition to issuing 
farmers’ weather forecasts on a regional basis, began to initiate short- and long-range weather 
IRUHFDVWV��6XSSOHPHQWLQJ�WKHVH�HIIRUWV��ZLWK�WKH�LQWURGXFWLRQ�RI�WKH�¿UVW�VXSHUFRPSXWHU�IRU�
weather services in India, the NCMRWF began activities on medium-range weather forecasts 
in the country and launched the agromet advisory services in India in 1991. Improvements in 
weather forecasts using latest weather forecasting models like MM-5 and Weather Research 
Forecast (WRF) enabled the country to provide weather forecasts for smaller grid regions  
(50 × 50 km for MM-5 initially and at 22 × 22 km presently and 9 × 9 km for WRF). 
Further, to meet the needs of researchers, a high resolution (0.5° × 0.5° lat/long) gridded 
daily rainfall data set for the Indian region was developed, utilizing the daily rainfall data 
of 6076 stations across the country, for the period 1971–2005 (Rajeevan and Bhate 2009). 
However, interpolation of the grid values was carried out using majority of those stations 
(3500 station data), which had a minimum 90 percent data availability during the period of 
analysis. The gridded area considered for interpolating the rainfall data was from 6.5°N to 
37.5°N and 66.5°E to 101.5°E, covering major part of South Asia and beyond, using standard 
methodology for interpolation. The gridded data set was found to be more representative 
of the conditions experienced over the region and is being used for many meteorological 
research and analysis purposes. 

To empower individual farmers with weather-based crop management information by 
providing agricultural advisory through the Internet, using a VLC, a pilot study in Andhra 
Pradesh by the International Institute of Information Technology (IIIT) at Hyderabad (Krishna 
Reddy 2004) known as e-Sagu (electronic-based support for cultivation). This innovative 
approach (Figure 14) has the potential to be put to use in other areas for effective utilization 
RI�DJUR�DGYLVRULHV�E\�WKH�IDUPHUV��8QGHU�WKLV�DSSURDFK��GLJLWDO�SKRWRV�RI�IDUPHUV¶�¿HOGV�WDNHQ�
by a VLC (an educated child in the village or a farmer with Internet knowledge) are sent to 
experts at headquarters by email or by CD for advice, and within a short period the advisories 
from headquarters are transmitted back to the VLC. These advisories are then made available 
to the farmers by VLC through internet or mobile SMS or explained to the farmers for 
immediate action. Such personalized approaches have not yet been reported anywhere else, 
including in other parts of India. 

7R�FDWHU�WR�ODUJHU�JURXSV�RI�IDUPHUV��H�6DJX�FODVVL¿HV�SUREOHPV�E\�UHJLRQ�DQG�D�µFOXVWHU�
approach’ is adopted in which a group of farmers experiencing a common problem are 
provided with an answer applicable to that group. Through this cluster approach, the number 
of issues (many of them common) that technical advisors must address is lessened, while each 
farmer receives an individual reply corresponding to his problem. In this fashion, a larger 
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Figure 14. Agriculture Information System, Cluster approach and e-Sagu. 
(Source: Krishna Reddy 2004.)

group of farmers can be served by a smaller advisory unit. There is a great potential in this 
approach if put to larger use by adding more weather components into the system.

Another innovative approach that adopted by the state government of Andhra Pradesh in India 
was the involvement of progressive farmers in the villages for dissemination of advisories. 
Under this programme, one progressive farmer is selected in a village and he is paid an 
incentive of 1000 rupees per month. His job is to train other farmers in the village with 
modern technologies and to pass crop management information on to them. The idea here was 
that farmers are more receptive to their clan (another progressive farmer) than an outsider, 
and also because they are always available in the village for advice. This practice is also not 
\HW�UHÀHFWHG�ZLGHO\�DFURVV�WKH�ZKROH�FRXQWU\��3HUKDSV�WKH�UHVXOWV�IURP�VXFK�LQQRYDWLYH�VWHSV�
ZRXOG�EH�PRUH�EHQH¿FLDO�WR�WKH�IDUPLQJ�FRPPXQLW\�LI�WKH�DJULFXOWXUDO�ZHDWKHU�LQIRUPDWLRQ��
advisories are also disseminated through such intermediaries in a participatory mode, through 
the active involvement of local talent.

These efforts were supplemented by the Indian Council of Agricultural Research (ICAR) 
through the establishment of teaching and research on agrometeorology in the state 
agricultural universities (SAUs) in 1980s. It also established an All-India Coordinated 
Research Project on Agro-Meteorology (AICRPAM) with a network of 25 centres across 
various SAUs, and with its coordinating unit at the Central Research Institute for Dryland 
$JULFXOWXUH��&5,'$��LQ�������7KH�UHVHDUFK�¿QGLQJV�RQ�WKH�FURS�SHVW�ZHDWKHU�UHODWLRQV�
conducted by the various agricultural research institutes of ICAR and by the agricultural 
universities through AICRPAM made it possible to supplement the efforts of IMD and 
NCMRWF to provide valuable weather-based advisories to the farmers across the country. 
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Furthermore, the AICPRAM project at CRIDA, besides regularly providing weather 
information and agricultural advisories through its 25 centres across the country, is also 
providing weekly contingency crop plans for the different meteorological sub-divisions in 
the country. It also initiated a website, cropweatheroutlook.org, where this information is 
regularly uploaded. These contingency plans were also uploaded in the main ICAR website. 
In addition, many of the SAUs have started issuing district-level agricultural advisories in 
their states and are also providing sub-regional advisories for their states in their university 
web sites. Looking to the need for a coordinated approach, a plan for a national agro-advisory 
network, involving all local and regional agencies working together, even at district or block 
level, has also been proposed (Figure 15). 

All these efforts across the country have helped in improving the agricultural advisory 
services in India to a great extent and in attempting to extend the agricultural advisories 
from regional to district level with attempts to extend further to block level at some places 
like Tamil Nadu, Orissa and Gujarat. In Tamil Nadu, the Regional Integrated Multi-Hazard 
Early Warning System for Asia and Africa (RIMES) has assisted an agro-advisory project 
in Tanjavur and Nagapattanam Districts using European Centre for Medium-Range Weather 
Forecasts (ECMWF) ensemble forecasts (15 days along with IMD and WRF outputs), with 
the Expert Intelligence System of RIMES to provide agro-advisories to farmers. Similar 
efforts were also made by IRI in Tamil Nadu (Hansen et al. 2001). A unique system was 
GHVLJQHG�DQG�VXFFHVVIXOO\�UXQ�E\�,7&�LQ�UHDFKLQJ�VR\EHDQ�IDUPHUV�WKURXJK�µ(�&KRXSDO¶�

Figure 15. Crop weather outlook from the National Agro-Advisory Network and IMD 
Agromet websites.
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(e-market) where the farmers not only receive weather and crop management information but 
also market information to sell their produce (Figure 15). Attempts are currently on to reach 
individual farmers also through SMS, providing them weather advisories. Nearly 600,000 
farmers are receiving this service across the country mainly by IMD and also by various 
agencies. 

More details on these and other efforts being made in India are provided in the annex.

Similar efforts were initiated in other countries in South Asia region, with at least some 
progress. In all these countries, governments and non-government agencies have been  
helping farmers with weather-based advisories. The details of the agricultural advisory 
services rendered by various countries in the South Asian region to their farmers are as 
follows. 

Bangladesh
a) Meteorological and agrometeorological services
The Bangladesh Meteorological Department, through its network of weather observatories 
VSUHDG�DFURVV�WKH�FRXQWU\��LVVXHV�ZHDWKHU�IRUHFDVWV�UHJXODUO\�IRU�WKH�EHQH¿W�RI�YDULRXV�XVHUV��
For agricultural crop planning, one-month long-range forecasts are issued. For regular 
agricultural operations, a weekly agromet forecast is issued. The information provided under 
this weekly forecast includes the rainfall departure (percent) maps of the previous week, 
cumulated rainfall forecast for the current week, and the extended outlook for the next week 
(Figure 16). It also provides information on highlights of the weather during last week and 
advisory for the current week. The advisory also gives the information on the expected 
evaporation and sunshine in the current week. In addition, the information on expected 
variations in temperature is also available in the forecast. However, there is very little 
VSHFL¿F�LQIRUPDWLRQ�LQFOXGHG�LQ�WKH�FURS�PDQDJHPHQW�DGYLVRULHV��ZKDW�WKH�IDUPHUV�VKRXOG�
do) utilizing the forecast. An agricultural advisory society was established in 1989 as a civil 
society organization with the aim of helping farmers with sustainable production practices and 
HI¿FLHQW�LUULJDWLRQ�ZDWHU�PDQDJHPHQW�VWUDWHJLHV��,W�KDG�H[WHQGHG�LWV�DFWLYLWLHV�WR�����YLOODJHV�
with about 100 other NGO partners to reach large number of small farmers with technological 
developments and better crop varieties. 

Bangladesh is a land of many rivers. Because the Ganges (Padma), Brahmaputra and 
0HJKDQD�GLVFKDUJH�KXJH�TXDQWLWLHV�RI�UXQ�RII��UHVXOWLQJ�LQ�ÀRRGV�DQG�VHGLPHQW�WKURXJKRXW�WKH�
FRXQWU\��ÀRRG�IRUHFDVWLQJ�DVVXPHV�VLJQL¿FDQFH�LQ�WKLV�UHJLRQ�IRU�EHWWHU�DJULFXOWXUDO�SODQQLQJ��
%DVHG�RQ�¿HOG�REVHUYDWLRQV��DV�ZHOO�DV�LQIRUPDWLRQ�JDWKHUHG�IURP�QHLJKERXULQJ�FRXQWULHV��
WKH�)ORRG�)RUHFDVWLQJ�DQG�:DUQLQJ�&HQWUH��)):&��RI�%DQJODGHVK�LVVXHV�GDLO\�ÀRRG�IRUHFDVW�
EXOOHWLQV�DQG�ÀRRG�PDSV��5,0(6�LV�DOVR�VXSSRUWLQJ�WKHVH�HIIRUWV�WKURXJK�UDLQIDOO�EDVHG�ÀRRG�
forecasting using ECMWF deterministic forecast data (RIMES 2013). This information 
LV�VHQW�WR�YDULRXV�JRYHUQPHQW�GHSDUWPHQWV��LQFOXGLQJ�WKH�SULPH�PLQLVWHU¶V�RI¿FH��,W�LV�DOVR�
GLVVHPLQDWHG�WKURXJK�UDGLR��79��QHZVSDSHUV��1*2V�DQG�RWKHUV��IRU�WKH�EHQH¿W�RI�WKH�SXEOLF�
DQG�IDUPHUV��7KH�)):&�DOVR�GLVSOD\V�ÀRRG�LQIRUPDWLRQ�LQ�LWV�ZHEVLWH��6SHFLDO�ÀRRG�UHSRUWV��
PRQWKO\�ÀRRG�UHSRUWV��DQQXDO�ÀRRG�UHSRUWV�DQG�ÀRRG�PDSSLQJ�DUH�DOVR�LVVXHG�E\�)):&��

In addition, in order to minimize the colossal loss of life and property caused by all manner 
RI�QDWXUDO�GLVDVWHUV�±�LQFOXGLQJ�ÀRRGV��F\FORQHV��VWRUP�VXUJHV��GURXJKWV��HDUWKTXDNHV�±�LQ�
the South Asia Region, SAARC was initiated in 1985. As weather has no geographical and 
political boundaries, it was deemed necessary to establish a common centre to carry out 
research and mitigation on the disasters for sustainable socio-economic developments in 
SAARC countries. Under this programme, timely and accurate forecast of natural disasters 
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Figure 16. Bangladesh weekly agromet forecast. 
(Source: BMD.)

has been given top priority. Further, a SAARC Meteorological Research Centre (SMRC) was 
established in Dhaka to conduct more research on weather forecasting aspects. 

The major functions of the SAARC centres are (1) to undertake research on understanding 
monsoon; (2) climatic characterization for agricultural planning; (3) collection of data on 
special weather phenomena; and (4) to develop network system among the member-countries 
IRU�IUHH�ÀRZ�RI�GDWD�DQG�WR�SURYLGH�SURFHVVHG�SURGXFWV�WR�WKH�PHPEHUV��,Q�2FWREHU�������
SAARC reviewed its mission, adding research on climate change. This is carried out in 
association with the national meteorological services and research institutions in SAARC 
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region. The centre has three divisions: (1) theoretical; (2) synoptic; and (3) documentation. It 
LV�VXSSRUWHG�E\���VFLHQWL¿F�RI¿FHUV�DQG����UHVHDUFK�DVVLVWDQWV��

b) Status of agricultural advisory services
BMD issues agricultural advisory bulletins every 10, 30 and 90 days, based on the crop 
situation and the weather forecast. The 30 and 90 days agro-advisory bulletins are meant 
for planning purposes for the government departments associated with agriculture. These 
advisories are meant to help the farmers to make good decisions regarding irrigation 
schedules, sowing, spraying of pesticides, and fertilizer applications. The primary users 
of these bulletins are the Ministry of Food and Disaster Management, the Department of 
Agricultural Extension. Bangladesh’s Agricultural Research Council, and other national 
research councils. BMD maintains a close collaboration with the national Agricultural 
Research Centre on the development of agrometeorological products for use in these bulletins. 
These bulletins are disseminated through news, Internet, websites, telephone and fax. 
Feedback from the farming community is obtained through the Department of Agricultural 
Extension. The network of agrometeorological observatories under the BMD is manually 
operated and conventional instruments are used. 

However, the need for strengthening the agricultural meteorological services in Bangladesh 
has been realized and efforts were made in this direction by the Ministry of Defence. 
At its request, the WMO in 2009 reviewed the existing agrometeorological services in 
WKH�%DQJODGHVK�0HWHRURORJLFDO�'HSDUWPHQW��LQFOXGLQJ�WKH�VFLHQWL¿F�DQG�RWKHU�UHVRXUFHV�
available and had developed recommendations to improve the existing agrometeorological 
station network and strengthen their capabilities for analysing weather information in 
respect to crop growth and to provide timely agrometeorological information and agro 
advisories to the farming community. WMO had come up with six major issues to lay 
focus on concerning the development of the agrometeorological services in Bangladesh: 
agrometeorological observation system; agrometeorological data management; weather 
forecasts and agrometeorological products; agrometeorological advisory services; information 
communication; human resource development and capacity building. As a result of these 
efforts there has been an increased focus on technical improvements in weather data 
acquisition and analysis, along with the use of modelling approaches and use of WRF outputs 
LQ�ZHDWKHU�IRUHFDVWLQJ��%DVQD\DNH�HW�DO��������0HW�2I¿FH�+DGOH\�&HQWUH��������7KH�YDULRXV�
types of weather forecasts currently being issued by the Bangladesh Meteorology Department 
include (Islam et al. 2013):

�� Daily district weather forecast 
�� Weekly agrometeorological forecasts (Figure 17) 
�� Long-range weather forecast for one month
�� Long-range forecast of three months for the Ministry of Agriculture, Bangladesh 

Agricultural Research Council, Department of Agricuture Extension and other 
departments

�� Heavy rainfall warnings 
�� Kalbaishakhi (severe thunderstorm) and other squall warnings 
�� Coldwave and heatwave warnings

Efforts to update the agromet division with Automatic Weather Stations and to improve the 
computer capabilities for database management, adding latest computing technologies like 
crop simulation studies, increase the use of GIS and remote sensing in its research planning 
and other related agrometeorological activities, are being taken up to modernize agricultural 
advisory systems.
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Figure 17. Weekly weather forecast by BMD. 
(Source: Islam et al.)

Bhutan
Agriculture in Bhutan is strongly dependent on the weather conditions induced by the 
Himalayan mountain ranges and the southwest monsoon circulation. In spite of these 
important considerations, the country still does not have an adequate weather forecasting 
system for farmers and depends strongly on the global forecasts by the external sources, 
which do not meet their needs adequately. The Bhutan Hydrometeorological Service attempts 
to a certain extent to take care of the measurement of weather and maintenance of the climate 
records, besides assisting the water and agricultural sectors. As a country with rugged terrain, 
the organization of weather observation services and technical equipment are generally not 
of international standard in Bhutan. The Gross National Happiness Commission (GNHC) of 
the Royal Government of Bhutan has funded Asian Disaster Preparedness Centre (ADPC) 
Bangkok to enhance the capacity of the Hydrometeorological Service and the climate 
modelling by the Hydromet Services Division (HMSD) of the Department of Energy. The 
aim of this programme is to design and initially establish a 24/7 National Weather and Flood 
)RUHFDVWLQJ�DQG�:DUQLQJ�&HQWHU�IRU�SURYLGLQJ�UHOLDEOH�ZHDWKHU�DQG�ÀRRG�IRUHFDVWLQJ�DQG�HDUO\�
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warning of related hydrometeorological hazards (ADPC 2010). Many private organizations 
also are attempting to provide weather advisories in this region, besides the national weather 
service, including MetGIS. 

The UNFCCC has also proposed (in 2006) a National Adaptation Programme of Action 
(NAPA) project (over three years, with an input of $420,000) through which it has attempted 
WR�DVVLVW�%KXWDQ�VHW�XS�D�:HDWKHU�)RUHFDVWLQJ�2I¿FH��:)2��XQGHU�WKH�0LQLVWU\�RI�$JULFXOWXUH��
with necessary equipment and manpower to provide weather and seasonal forecasts for 
supporting production decisions of the farmers, and provide an agrometeorological early 
warning system against inclement weather conditions and provide special advisories at 
different production stages. Under this programme, they plan to set up one automated and 
telemetered synoptic station in 20 dzongkhags (districts) to provide three-hourly synoptic 
data; a link to the Global Telecommunication System (GTS) of the WMO to receive regular 
synoptic data; and a limited area weather model, such as WRF or MM5 to operationalize a 
computer-based weather forecasting system, similar to those in operation in the neighboring 
6RXWK�$VLDQ�FRXQWULHV��7KH\�DUH�DOVR�SODQQLQJ�WR�WUDLQ�WKH�VFLHQWL¿F�SHUVRQQHO�LQ�UXQQLQJ�
these models and generate reliable agricultural weather forecasts and to train farmers and 
H[WHQVLRQ�ZRUNHUV�LQ�WKH�SURSHU�XVH�RI�VXFK�LQIRUPDWLRQ�SURGXFWV�DQG�DGYLVRULHV�IRU�HI¿FLHQW�
ZHDWKHU�EDVHG�FURS�PDQDJHPHQW��7KLV�1$3$�SURJUDPPH�LV�RQH�RI�HLJKW�¿QDOO\�DJUHHG�XSRQ�
(with a current proposed fund of $4.410 million) for implementation (NAPA 2012). Recently 
WKH�)LQQLVK�JRYHUQPHQW�HPEDUNHG�RQ�D�¿QDQFLDO�DQG�WHFKQLFDO�VXSSRUW�WR�%KXWDQ�DQG�1HSDO�
WR�LPSURYH�WKHLU�ZHDWKHU�VHUYLFHV�DQG�WR�WUDLQ�WKH�ZHDWKHU�VHUYLFH�RI¿FLDOV�WR�HQKDQFH�WKHLU�
capabilities, under the ICI programme (Ministry of Foreign Affairs 2013). This programme 
is likely to come into operation during 2013–15. The aim initially is to enable three-day 
forecasts in this region. Currently the extension programs of the agricultural ministry tries to 
reach the farmers with weather information and advisories, still in its infancy. 

Pakistan
a) Agrometeorological services

In Pakistan, responsibility for the preparation and dissemination of agromet advisories 
primarily lies with Pakistan Meteorological Department (PMD). It monitors weather through 
a dense network of surface observatories, agromet observatories and upper-air observatories, 
and issues forecasts mainly from the farmers’ point of view. As the rainy season is mainly 
restricted to July and August, information on rainfall forecast is crucial for rainfed crops. 
Droughts, which often critically hamper agricultural production, are common in the country. 
The PMD closely monitors the drought situation through its National Drought Monitoring 
Centre (NDMC). It has a separate section exclusively devoted to farmers’ weather forecasts 
DQG�DJURPHW�EXOOHWLQV��6LPLODUO\��VHSDUDWH�XQLWV�IRU�DYLDWLRQ��ÀRRGV��PDULQH�ZHDWKHU��V\QRSWLF�
and seismological monitoring are operating within the purview of PMD. The PMD also has 
a research wing that has specialized in developing numerical weather prediction models and 
providing forecast for the next 72 hours for smaller regions, as well as good infrastructure to 
train staff.

The agromet service has been in operation since 1988 with the establishment of the National 
Agro-Met Centre at Islamabad and 5 Regional Agromet Centres (RAMC) at Rawalpindi, 
Quetta, Faisalad, TanJodan and Usta Muhammad. The functions of NAMC are (1) managing 
the agrometeorological network; (2) processing and analysing the data for improving the 
DJULFXOWXUDO�SURGXFWLRQ������GHYHORSLQJ�ORFDWLRQ�VSHFL¿F�FURS�ZHDWKHU�UHODWLRQVKLSV��ZHDWKHU�
based crop yields and production estimates for central planning and food production strategies 
at the national level (Jawed Iqbal 2010).
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The responsibilities of RAMC are: (1) monitoring local agrometeorological conditions; 
(2) development of regional crop-weather studies; (3) liaison with agricultural institutions 
to determine the local requirements and research priorities; and (4) processing of agromet 
information on regional scale for onward transmission to NAMC, Islamabad (PMD 2013).

Considerable advances have been made by PMD on the collection and archiving and analysis 
of weather and climatic data and their conversion into weather-based agro-advisories. A 
perusal of the NAMC web pages (Figure 18 and 19) shows the type of information provided, 
which includes current week’s precipitation analysis: the probability of rainfall and percent 
departure. Besides these, the other information provided includes soil moisture analysis, 
region-wise agromet advisories, seasonal precipitation and evapotranspiration (ETO), climate 
outlook for the next 10 days with respect to temperature, rainfall and soil moisture, forecast 
for farmers, separate forecast to cotton crop, crop vegetation index maps, weekly forecast 
and crop report, crop calendars, etc. Based on the analysis with respect to rainfall and soil 
moisture, the advisories are issued and disseminated through www.pakmet.com.pk and other 
electronic and print media. Advisory bulletins are issued at monthly, fortnightly and 10-day 
intervals.

b) Infrastructure facilities 
i) Agro-Meteorological Field Units (AMFUs) and collaborating organizations
Pakistan has a well-distributed network of recording rain gauge stations (80 Nos) and 
Automatic Weather Stations (50 Nos) spread across the country (Figure 20), and a large 
number of participating organizations/departments collaborate to run the Agrometorological 
Advisory Service. 

Figure 18. National Agromet centre website of Pakistan.
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Figure 19. Agromet advisory bulletin of Pakistan (monthly and 10 days).

Figure 20. Rain gauge and AWS network in Pakistan. 
(Source: PMD.)
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Table 2. List of AMFUs covering all agroclimatic zones of Pakistan.

Province

AgroMet  

Field Unit Agroclimatic Zone

Longitude 

(°E)

Latitude 

(°N)

Elevation 

(m)

Khyber 1. Peshawar 71.58 34.02 232

Pakhtunkhwa 2. D. I. Khan 70.92 31.82 173

Punjab 3. Kamra Potohar Plateau of North 
Punjab

72.40 33.82 303

4. Murree Potohar Plateau of North 
Punjab

73.41 33.85 2167

5. Ranwalpindi Potohar Plateau of North 
Punjab

73.10 33.62 507

6. Jhelum Potohar Plateau of North 
Punjab

73.72 32.93 232

7. Mundi B.D. Irrigated Plains of Punjab 73.45 32.55 253

8. Noor Purtha Irrigated Plains of Punjab 71.90 31.97 182

9. Surghoda Irrigated Plains of Punjab 72.67 32.05 187

10. Jhang Irrigated Plains of Punjab 72.53 31.47 152

11. Faisalabad Irrigated Plains of Punjab 73.10 31.43 183

12. Lahore Irrigated Plains of Punjab 74.40 31.52 213

13. Sahiwal Irrigated Plains of Punjab 73.16 30.95 172

14. Okara Irrigated Plains of Punjab 73.43 30.80 181

15. Multan Irrigated Plains of Punjab 71.43 30.20 122

16. Khanpur Irrigated Plains of Punjab 70.68 28.65 87

Sindh 17. Rohri Irrigated Plains of Sindh 68.90 27.70 66

18. Larkana Irrigated Plains of Sindh 68.20 27.53 174

19. Padidan Irrigated Plains of Sindh 68.13 26.85 46

20. Dadu Irrigated Plains of Sindh 67.78 26.72 38

21. Mir Pur 
Khas

Irrigated Plains of Sindh 69.13 25.67 15

22. Tandu Jam Irrigated Plains of Sindh 68.33 25.25

Baluchistan 23. Quetta Arid Plains of 
Balochistan

66.88 30.25 1600

24. Usta 
Muhammad

66.20 28.10

25. Uthal Irrigated Plains of 
Balochistan

66.37 25.48 45

26. Skarand 68.16 28.80

Currently there are 26 Agro-Meteorological Field Units (AMFUs) established in Pakistan 
covering all agroclimatic zones of the country (Table 2). The following departments/
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organizations are working as participatory agencies under Integrated Agromet Advisory 
Service launched by the Pakistan Meteorological Department:

�� Public Agricultural Universities in four provinces and the Global Change Impact 
Studies Centre, Islamabad

�� Pakistan Agricultural Research Council (PARC)
�� Provincial Agriculture Departments 
�� National Agro-Met Centre (NAMC).

Being a multi-disciplinary and multi-institutional project, the Agrometeorological Advisory 
Service (AAS) involves all stakeholders and functionaries, as an integral part of various 
agencies: National Forecasting Centre for Agriculture (NFCA), NAMC, National Drought 
0RQLWRULQJ�&HQWUH��1'0&���5$0&�DQG�5'0&��'LVWULFW�$JUR�0HW�2I¿FHV��7KH�QHWZRUN�RI�
AWS and rain gauge stations and their interlinkages are depicted in Figure 21. This project 
LV�EHLQJ�LPSOHPHQWHG�WKURXJK�¿YH�WLHU�VWUXFWXUH�WR�VHW�XS�DQG�SURYLGH�GLIIHUHQW�FRPSRQHQWV�
of the service spectrum. It includes meteorological (weather observing and forecasting), 
agricultural (identifying weather sensitive stress and preparing suitable agro-advisories 
using weather forecasts (Zaraimedia.com 2012), extension (two-way communication with 
user) and information dissemination (media, information technology, telecom) agencies 
�)LJXUH������7KH�ZHDWKHU�GDWD�UHFRUGHG�E\�GLVWULFW�OHYHO�$:6��VXUIDFH�REVHUYDWLRQV�DQG�¿HOG�

Figure 21. Collaborating organizations and linkages under integrated agromet advisory 
services.
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)LJXUH�����7KH�ÁRZ�FKDUW�IRU�WKH�GLVWULFW�OHYHO�DJURPHW�DGYLVRU\�VHUYLFH�V\VWHP�

2 Deutscher Wetterdienst.

agromet stations are being used for preparation of district-level forecasts for between 12 hours 
and 7 days by PMD and send the same to national and regional AMC and DMO for the 
preparation of weekly and 10-day bulletins for dissemination to regional AMCs and DMCs, 
and to farmers online and through the mass media.

ii) Agrometeorological services: weather forecasting system for AAS
The PMD is using conventional methods as well as a Numerical Weather Prediction (NWP) 
approach to forecasting the weather. Using the conventional method, the forecaster attempts 
to predict future changes in the state of the atmosphere from its initial state, taking into 
account both theoretical as well as experience of the weather situation. During this exercise, 
the forecaster also analyses and studies upper-weather charts, and uses weather radar and APT 
images. 

The PMD uses MM5 for numerical weather forecasting and is also preparing to use HRM 
with a grid length of 7 km in near future. The HRM is developed by DWD (the National 
Meteorological Service of Germany).2 The models have been installed at Research and 
Development Division of PMD. DWD data is being used in HRM for the numerical weather 
forecasts, to improve the weather forecasts issued by PMD and also enhance the accuracy of 
weather predictions.

iii) Agrometeorological advisory bulletins
From the reports on crops raised by farmers, the crop conditions, the incidence of pests 
and diseases supplied by provincial agricultural departments, the RAMC regularly advise 
the farming community through electronic and print media, on issues like sowing time and 
irrigation schedules (Khan and Hanif 2007). Detailed weather data and the forecast are also 
available on internet at the site http://www.pakmet.com.pk . 
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Below are the types of information included in a typical agromet advisory bulletin prepared 
by the PMD:

�� 'LVWULFW�VSHFL¿F�ZHDWKHU�IRUHFDVW��LQ�TXDQWLWDWLYH�WHUPV��IRU�WKH�QH[W����GD\V�IRU�
rainfall, cloud, maximum/minimum temperature, wind speed/direction and relative 
humidity, including warning of hazardous weather likely to cause stress on standing 
crops and suggestions on how to protect them.

�� Information on soil moisture status and guidance for application of irrigation, fertilizer 
and herbicides, etc. 

�� Advisories on dates of sowing/planting and the suitability of carrying out intercultural 
operations.

�� Warnings of major pests and diseases of principal crops and advice on plant protection 
measures.

�� Manipulation of crop microclimates, e.g. shading, mulching, other surface 
PRGL¿FDWLRQ��VKHOWHU�EHOW��IURVW�SURWHFWLRQ��HWF���WR�SURWHFW�FURSV�XQGHU�VWUHVV�

�� Advisory on the judicious management of land, water and farm inputs, particularly 
pesticides, herbicides and fertilizers.

�� Advisories for livestock on health, shelter and nutrition.

(http://zaraimedia.com/2012/09/11/weekly-weather-advisory-for-farmers)

iv) Observational network for AAS
The current number of agrometeorological observatories is 32. The availability of 
agrometeorological data of some stations (RAMC) goes back to 1990 and others from the 
date of their establishment (Figure 23). The PMD provides forecasts for rainfall, maximum 
and minimum temperature, humidity, frost and soil moisture availability during the crop-

Figure 23. Agromet network of Pakistan. 
(Source: http://namc.pmd.gov.pk/zone.php?type=o.)
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growing season for scheduling irrigation requirement of crops. It also provides information on 
heatwaves and coldwaves and special weather advisories for farmers. 

In order to compile the weather data of each crop development stage, careful, precise and 
timely recording of the following parameters (Table 3) are undertaken as routine: at 03:00, 
09:00 and 12:00 (UTC). Crop data including phenological and soil moisture observation are 
collected according to World Meteorological Organization criteria (PMD 2013). 

Table 3. Observed meteorological parameters.

S. No. Observed Meteorological Parameters

1. Maximum and Minimum temperature (°C)

2. Soil temperature (°C) at 5, 15 and 30 cm

3. Relative Humidity (percent) 

4. Precipitation (mm) (0300 and 1200 UTC)

5. Pan Evaporation at (0300 & 1200 UTC) 

6. Bright Sunshine Hours of past 24 hours (0300 UTC) 

7. Wind Speed (km/hr) & Wind Direction 

8. Soil Moisture (percent) 

v) Soil moisture observations
Soil samples are taken on 7th, 17th and 27th of each month, soil samples were also taken in 
next day if some anomalous events occur in any month in four replications at depths of 5, 10, 
20, 30, 50, 90, 110, 120 and 140 centimetres. The observations at below 90 cm are made once 
every 20 days because the soil moisture is considered not to vary greatly at these depths. The 
soil samples were taken with the help of soil auger and then weighed and dried in the oven 
for about 3 days. Variations in moisture content over the time period provides information 
on moisture stress periods and able to assess the duration of soil water availabilities that can 
support the crop. 

vi) Soil-temperature observations
Soil temperature plays an important role in crop growth from germination to maturity. To 
measure soil temperatures, the soil thermometers are placed at various depths to monitor the 
thermal regime of the soil. The soil temperatures in Celsius are recorded three times a day at 
03:00, 09:00 and 12:00 UTC, which is 5 hours behind Pakistan Standard Time (PST). The 
centimetre depths at which the soil temperatures are observed on daily basis include 5, 10, 20, 
30, 50 and 100. 

vii) Research tools for generating weather-based farm advisories
The DSSAT (Decision Support System for Agrotechnology Transfer, Version 4.0) is being 
used (Jones et al. 2002) to translate weather information into agromanagement decisions. It 
provides an experimental approach to access the productivity of crops and also identify the 
causes and stages where the yield of crops suffered due to extreme weather conditions or lack 
of nutrients. It also simulates the crop water requirements at every stage, not only in rainfed 
areas but also in irrigated areas. These experimental analysis will help in better assessment 
towards the productivity of crops. 
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�� In addition, the Pakistan Agricultural Research Council (PARC), established in 
1981, conducts research, especially of a basic and long-term nature, in agricultural 
DUHDV�RI�QDWLRQDO�LPSRUWDQFH��EHVLGHV�VHWWLQJ�XS�UHVHDUFK�HVWDEOLVKPHQWV�WR�¿OO�LQ�WKH�
gaps in existing programmes of agricultural research and arrange training of high-
OHYHO�VFLHQWL¿F�PDQSRZHU�LQ�DJULFXOWXUDO�VFLHQFHV��,WV�PDLQ�REMHFWLYH�LV�WR�VWUHQJWKHQ�
Pakistan’s agricultural research system, comprising the federal and provincial 
components. It also takes up research on agricultural issues of importance which 
are neglected or inadequately covered, or beyond the resources of the provincial 
institutions. Some of these require sophisticated and costly equipment and facilities as 
ZHOO�DV�KLJKO\�TXDOL¿HG�EXW�VFDUFH�PDQSRZHU�DQG�IUHTXHQW�LQWHUDFWLRQ�ZLWK�LQWHUQDWLRQDO�
agricultural research institutions. PARC also maintains database on medicinal plants, 
plant genetic resources and and insect database at the National Insect Museum.

PARC has established meteorological stations in Karachi, Murree and Pir Sabak. The weather 
data collected at these sites are used for the development of models for predicting crop yield 
and for disease forecasting. 

viii) Crop evapotranspiration observations
Reference crop evapotranspiration (ETO) is a measure of evaporative demand of the 
atmosphere and considered to be the most reliable tool for calculation of crop water 
requirement (Allen et al. 1998). ETO measures the rate of evapotranspiration by using 
different methods such as Penman-Monteith, Blaney-Criddle, radiation, etc., by using air 
temperature, solar radiation, wind speed and humidity. PMD also uses CropWat software, 
developed by the FAO in 1992, for calculating reference crop evapotranspiration and crop 
water requirements, followed by irrigation scheduling computations. 

ix) Crop and harvest calendars for Pakistan
From the average monthly climatic conditions and the optimum weather requirements of 
major crops grown in the country, the crop calendars for major crops were prepared by the 
Research Division of the Government of Pakistan for better agricultural planning: wheat, rice, 
barley, maize, millets, sorghum, potatos, cotton and sugarcane. A perusal of the crop calendar 
(Figure 24) shows that from October to mid-November is suitable for sowing wheat. Similarly 

Figure 24. Crop calendar of Pakistan.
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for rice crop, the optimum transplanting dates are from mid-May to July. The harvest calendar 
for fruits and vegetables grown in the country are given in Figure 25.

c) Strategies for dissemination of agrometeorological advisories 

The AAS is an instrument to provide relevant meteorological information to help the farmer 
to use it for improving agricultural production. The main emphasis is to collect and organize 
climate/weather, soil and crop information, and to amalgamate them with weather forecast 
to assist farmers in taking management decisions. This has to be done immediately after the 
generation of the weather forecast as there may be an emergent situation requiring farmers 
to take management action in view of forthcoming weather situation. Critical factors for 
successful dissemination of agro-advisories include relevance of information to weather and 
climate-sensitive decision-making in agriculture, followed by good outreach.

i) Dissemination of AAS 
Timely dissemination of agrometeorological information online and through mass media is 
SDUW�RI�D�SURFHVV�WKDW�HPSRZHU�WKH�IDUPHUV�ZLWK�VFLHQWL¿F�NQRZOHGJH�DQG�WR�WDNH�DSSURSULDWH�
DFWLRQ�IRU�HQKDQFLQJ�DJULFXOWXUDO�SURGXFWLRQ��6RKQL�'KDUWL�LV�WKH�¿UVW�DJULFXOWXUDO�79�FKDQQHO�
of Pakistan that provides information relating to agriculture and rural development (http://
www.sohnidharti.tv/). A TV channel and an FM radio station are also being set up in the 
public sector to educate farmers about modern farming technology suiting their needs. The 
channel will reach an estimated 6.6 million farmer households across the country and will 
mainly telecast agriculture-related programmes.

The Internet is a new and cost-effective technology that can provide research and technological 
development information in an accurate and timely manner. Additionally, the Internet can also 
be effectively used to offer training modules to agrometeorologists and help them improve 
the quality of their products. Besides the National Agromet Centre through which agromet 
bulletins are disseminated, there are few other agencies providing bulletins through their 
websites or radio services. Farm advisory services are issued in Sindh province on the radio. 
The impact assessment of farm advisories was made by Dr. Zaheeruddin Mirani (2007) of the 
Department of Agricultural Education and Extension, Sindh Agricultural University, Tandojam. 
His studies, however, reveal that currently the farmers are not receiving any new agricultural 
information due to irregular visits by technical personnel or non-receipt of bulletins. Reliance 
on traders and suppliers of fertilizers and pesticides are more among the farmers. 

Figure 25. Harvest calendar of major fruits and vegetables of Pakistan.
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$�VLPLODU�DVVHVVPHQW�RI�WKH�ORQJ�UXQQLQJ��VLQFH�������IDUP�SURJUDPPH��µ$JULFXOWXUH�DQG�
Livestock’ (Karkeela aw Maldari in Pashto) by Radio Pakistan of Peshawar, was made 
by some extension scientists. It was found to be a favourite program among farmers. The 
extension scientists advocated the revival of farmers’ listening clubs for enhancing effective 
interaction with the farmers on agricultural issues.

The Fauzi Fertilizer Company has also been providing AAS in Multan and Nawabshah 
in Lahore province since 1982. The advisories include multifarious services like crop 
GHPRQVWUDWLRQ��IDUP�YLVLWV�GXULQJ�FURS�¿HOG�GD\V��HWF��8QGHU�WKH�'HSDUWPHQW�RI�$JULFXOWXUDO�
Extension, the University of Agriculture, Faisalabad, has conducted various research projects: 
(1) An in-depth analysis of electronic media for the development of strategy to enhance their 
role in agricultural technology transfer in Punjab; (2) An impact analysis of communication 
LQWHUYHQWLRQV�RI�H[WHQVLRQ�¿HOG�VWDII�ZLWK�IDUPHUV�XQGHU�QHZO\�LQWURGXFHG�GHFHQWUDOL]HG�
extension in the Punjab; (3) An in-depth analysis of conventional and modern agriculture 
information sources for the development of strategy to promote cyber extension environment 
in the Punjab; (4) Privatization of agriculture extension system in the Punjab: A SWOT 
analysis; (5) Analysis of the obstacles to gender mainstreaming in agriculture decision making 
and extension work in the Punjab.

ii) Zarai Taraqiati agricultural development bank
The agricultural development bank of Pakistan, known as the Zarai Taraqiati Bank Limited 
�=7%/���LV�WKH�SUHPLHU�¿QDQFLDO�LQVWLWXWLRQ�JHDUHG�WRZDUG�WKH�GHYHORSPHQW�DJULFXOWXUH�
WKURXJK�WKH�SURYLVLRQ�RI�¿QDQFLDO�VHUYLFHV�DQG�WHFKQLFDO�NQRZOHGJH��ZZZ�]WEO�FRP�SN����7KH�
aim of the bank is to boost farm productivity, streamline institutional credit, and increase the 
income-generating capacity of the farming community. ZTBL provides affordable, agriculture 
¿QDQFLDO�QRQ�¿QDQFLDO�VHUYLFHV�WR�UXUDO�3DNLVWDQ��ZKLFK�FRPSULVHV����SHUFHQW�RI�WKH�WRWDO�
SRSXODWLRQ��)DUPHUV�FDQ�YLVLW�]WEO�FRP�SN�IRU�LQIRUPDWLRQ�RQ�WKH�EDQN¶V�¿QDQFLDO�SURGXFWV��
ZTBL also publishes a magazine entitled $JUL�%XVLQHVV�)LHOG�5HSRUWV. 

Sri Lanka        
Status of agro-advisories in Sri Lanka

Sri Lanka’s National Meteorological Centre (NMC) is primarily responsible for the collection 
DQG�SURFHVVLQJ�RI�ZHDWKHU�GDWD�LW�UHFHLYHV�IURP�¿HOG�XQLWV��7KH�LVVXH�RI�UHJXODU�ZHDWKHU�
ZDUQLQJ�WR�WKH�IDUPHUV��¿VKHUPHQ�DQG�WR�WKH�JHQHUDO�SXEOLF�LV�FDUULHG�RXW�E\�$JURPHW�
Division, which collects data from 37 units, quality checked, and processed to generate 
DYHUDJHV��$V�VXFK�WKH�10&�DW�SUHVHQW�LV�QRW�SURYLGLQJ�DQ\�VSHFL¿F�ZHDWKHU�EDVHG�DJULFXOWXUDO�
advisories to the farming community, except warning on adverse weather conditions 
(Figure 26). However, some private organizations and the DAE (department of agricultural 
extension) are providing agricultural advisories on a limited scale to the farming community. 
The Sri Lankan Meteorological Department does not have an adequate data-archiving facility. 
It is planning to modernize the storage system with the latest computing facilities and train its 
staff to meet the country’s needs to improve its weather database.

Perhaps the earlier political instability and internal disturbances may be one of the reasons for 
limited agrometeorological activities in the country. Some of the private organizations that are 
SURYLGLQJ�VSHFL¿F�FURS�EDVHG�DGYLVRULHV�LQ�6UL�/DQND�DUH��
1. CIC Agro-Lanka (http://www.cic.lk/our_business/agriculture_livestock.php)
2. Haleys Ceylon Ltd
3. Lankens (DVP)
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4. Bauer and Co. Ltd
5. Jinesena
6. Brown and CTC.

The exact working conditions and mode of dissemination of the agricultural advisories by 
these organizations are not very clear. However, these private agencies seem to focus more on 
IDUPHUV�JURZLQJ�FURSV�RI�WKHLU�VSHFL¿F�LQWHUHVW��ULFH��WHD��HWF���WKDQ�FDWHULQJ�WR�DOO�WKH�IDUPLQJ�
community needs.

Nepal 
Status of agro-advisories in Nepal
The Department of Hydrology and Meteorology (DHM) is responsible for weather data 
collection and forecasting management in Nepal. Its website suggests there is no special 
division which is dealing exclusively with agricultural meteorological aspects. No special 
bulletins or agricultural advisories are available for farming communities (Figure 27). 
However, some organizations like the Agro-Enterprise Centre in Kathmandu monitor all 
DVSHFWV�RI�DJULFXOWXUDO�SURGXFWLRQ��LQFOXGLQJ�PDUNHW��¿QDQFLDO�DQG�RWKHU�LQIRUPDWLRQ�WKDW�LV�
relevant for the farmers’ community (http://www.aec-fncci.org/). 

A website, www.datameteo.com provides a 7-day forecast to parts of South Asia, including 
1HSDO��7KH\�SURGXFH�FKDUJHG�IRU�µDJUR�PHWHR�JUDPV¶�RQ���EDVLF�ZHDWKHU�SDUDPHWHUV�ZKLFK�
can be used to prepare weather-based agricultural advisories by any local entrepreneurs 
(Figure 28). This is another project that operates under National Information Technology, 
linked to Global Knowledge Partnership (GKP) net projects. Under this project, agricultural 
advisories are being currently issued through telephone or through the Internet in 21 villages 
in eastern Nepal. 

Figure 26. www.meteo.gov.lk.
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Figure 27. http://www.dhm.gov.np.

Figure 28. Agro-meteo-grams for pokhara in Nepal (www.datameteo.com).
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Figure 29. Cell phone-based agro-advisory approach for Nepal, Sri Lanka and India.

The Asian Disaster Preparedness Centre (ADPC) in Bangkok is also providing support for 
strengthening DHM capacity for managing climate change and the environment. It is assisting 
the department in climate data digitization and downscaling of climate change projections in 
Nepal (ADPC 2011) (http://www.adpc.net /2012/CCCRM /Default.asp). The 2013 RIMES 
has also been assisting Nepal through the application of weather forecasts from ECMWF 
through monsoon forums and seasonal forecast applications for weather in Terai, mountain 
and hill regions, and in working out the durations of likely dry spells in the country. 

A cell-phone based agro-advisory system for use in horticulture has been developed 
(Figure 29) by Michigan state University (Sangita et al. 2011) intended to be of practical use 
in countries like India, Nepal and Sri Lanka.
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4. Challenges and opportunities 
The preparation and dissemination of agricultural advisories is at different stages of 
development across the South Asian region. Countries like India, Pakistan and Bangladesh 
have made considerable progress in developing their agricultural advisory networks and 
extension systems in reaching the farmers through the Internet and mobile phones. In these 
advanced countries, the major concern is the content of these agricultural advisories and their 
usefulness in minimizing the climate risks and increasing agricultural production. Meanwhile, 
agricultural advisory services in other countries in the region, including Nepal, Bhutan and Sri 
Lanka, are still in preliminary stages of growth. 

A close scrutiny of the type of information being provided in agro-advisory bulletins prepared 
by the respective organizations in South Asia indicates that the information provided is mostly 
of generalized in nature and at times vague. The weather component in relation to crop growth 
or pest development and the relevant advisory is often missing. At present, India is a leader 
in providing district level agricultural advisories through its 130 AMFUs and is planning 
to expand the services to lower administrative regions through the village resource and 
knowledge centres. Pakistan is planning to strengthen the agromet units by building stronger 
linkages between agricultural research and extension agencies and training centers. 

On the other hand, Bangladesh has been aware of the importance of providing agricultural 
advisories to the farming community. The delivery of farm management advice and 
agricultural extension services is largely the job of the Department of Agriculture Extension 
(DAE). The DAE’s aim is to provide need-based extension services to all categories of 
farmers, to enable them to optimize their use of resources and to promote sustainable 
agricultural and socioeconomic development. It is now teaming up with the Bangladesh 
Meteorology Department, which initiated web-based information on weather conditions 
DQG�JHQHUDOL]HG�LQIRUPDWLRQ�RQ�ZKDW�WKH�IDUPHUV�VKRXOG�GR��+RZHYHU��VSHFL¿F�DJULFXOWXUDO�
advisories as needed by the farming community are not yet being issued on an operational 
scale. 

In Sri Lanka also, little progress has been made to develop a weather-based agricultural 
advisory system, though a strong desire can be seen to initiate such a network system both 
by the Ministry of Agriculture, the Ministry of Disaster Management and Human Rights and 
the Meteorology Department. Many private and international agencies are coming forward 
to assist farming communities in South Asia including Sri Lanka by initiating ICT use in 
agriculture for agro advisory dissemination and adopting good agricultural practices. One 
such attempt has been made by Centre for Agriculture and Biosciences International (CABI) 
by starting 180 plant clinics in various countries including Sri Lanka (CABI 2010). India is 
also supporting Sri Lankan activities by supplying instruments for surface meteorological 
measurements and upper air radio sonde equipment to the meteorological services of Sri 
Lanka (DST 2005). 

,Q�1HSDO��D�VPDOO�DQG�PRXQWDLQRXV�FRXQWU\��WKHUH�DUH�IHZ�VSHFL¿F�DWWHPSWV�DW�SURYLGLQJ�
agricultural advisories to its farmers. With increased awareness on the likely impacts of 
climate change on the Himalayan region, attempts to improve agricultural meteorological 
services and provide weather advisories to farmers are picking up in DHM. As a start an 
attempt has been initiated by DHM, with support from CCAFS to revise the Agro-Climatic 
$WODV�RI�1HSDO��&&$)6�������DQG�SURYLGH�PRUH�VSHFL¿F�GHWDLOV�RI�QHHG��IRU�DJULFXOWXUDO�
development and management. Further, a clear awareness on the climate change impacts 
on their region has induced the youth to form a nationwide youth group on climate change, 
Nepalese Youth for Climate Action (NYCA). This group also organized a Nepalese Youth 
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Summit on Climate Change in November 2008 in coordination with the Ministry of 
Environment, Science and Technology and the Ministry of Youth and Sports. The basic aim 
of this programme was to make students and local people aware of climate change and its 
likely impacts on Himalayan region. However, there are at present no sustained efforts to 
develop weather-based agricultural advisories to help farmers manage their activities more 
effectively under the variable climatic conditions experienced in this region. The Ministry of 
Agricultural Development (MoAD) is now planning to develop an IT-based system to provide 
the agro-advisory to farmers in Nepal. The ministry is proposing to develop an Agricultural 
Management Information System (AMIS) within four years that will let the farmers get an 
SMS on their cell phones about the weather forecast alerts for 5 days, and market price alerts. 
This programme will be one of 4 components of a pilot programme on the climate change 
resilience project funded by the World Bank (MoAD 2013). 

In case of Bhutan, progress is in its infancy and now being initiated by support from some 
external agencies and Finland and Austria. There is a need to establish good networks of 
weather observatories in these Himalayan regions, and then to integrate efforts of government 
agencies, researchers and private organizations to develop effective agricultural advisory 
systems.

Since in South Asia agriculture is the main livelihood, there is an urgent need to strengthen 
the agrometeorological services everywhere. To support these activities, the network of 
weather observatories need to be strengthened in each country, and a link-up between the 
agricultural and meteorological services need to be improved, to work in tandem to convert 
the weather information into appropriate agro-advisories.

After reviewing the status of agricultural advisories in South Asia the following issues have 
EHHQ�LGHQWL¿HG�DQG�VRPH�VROXWLRQV�KDYH�EHHQ�VXJJHVWHG�EHORZ��

�� The reliability and usefulness weather-based agricultural advisories depends upon the 
current status of crop, pest and disease information collection across the district. The 
UROH�DQG�WKH�UHVSRQVLELOLW\�RI�EORFN��RU�GLVWULFW�OHYHO�DJULFXOWXUDO�RI¿FHUV�LQ�SURYLGLQJ�
the crop phonology and pest/disease status information is currently not clear in any 
of these countries. Even within the district, the variability on the above information 
LV�QRW�DFFRXQWHG�ZKLOH�IRUPXODWLQJ�WKH�$$6��7KHVH�RI¿FLDOV�QHHG�WR�SOD\�D�NH\�UROH�
in supplying the information and also in the dissemination of advisories to farmers, 
who themselves cannot gather this information directly, because of their lack of IT 
NQRZOHGJH�DQG�DFFHVVLELOLW\��6LQFH�WKH�ORFDO�JRYHUQPHQW�RI¿FLDOV�KDYH�WKH�QHFHVVDU\�
LQIUDVWUXFWXUH��WKHLU�UROH�LV�FULWLFDO�EXW�DW�SUHVHQW�QRW�FOHDUO\�LGHQWL¿HG�LQ�DQ\�RI�WKHVH�
countries. 

�� 7KH�H[FKDQJH�RI�LQIRUPDWLRQ�EHWZHHQ�$0)8V�DQG�DJULFXOWXUDO�GHSDUWPHQW�RI¿FLDOV�
need to be further strengthened. The district-level forecasts issued by the National 
Meteorological Departments (e.g. IMD) still needs to be strengthened for creating 
FRQ¿GHQFH�RQ�ZHDWKHU�EDVHG�DGYLVRULHV�ZLWK�IDUPHUV��7KH�IRUHFDVW�VKRXOG�QRW�EH�
provided in a formal (general) manner for a larger area, but it needs to add value with 
local-level agroclimatic information generated from normal climatic data and real 
time satellite and synoptic charts. The grid-level forecasts using weather forecasting 
models need to be evaluated with the synoptic chart forecast for the local region by 
the local AMF unit in-charge, for improving the value of the forecast. This will take 
care of the prevailing local weather conditions and local weather variability patterns 
in that region of forecast. The concerned scientists managing the AMFUs need to be 
trained for this purpose. The role of traditional knowledge in improving the AAS is 
not clear and its utility may be considered, in whichever region appropriate.
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�� Advisories are often routine in nature rather than weather- or crop-oriented. Crop-
VSHFL¿F�DJULFXOWXUDO�DGYLVRULHV�FDQ�EH�YHU\�OLPLWHG�RU�WRWDOO\�DEVHQW��H[FHSW�LQ�UHJLRQV�
like those where rice, cotton or wheat is a predominant crop over a large area and the 
FURS�VWDWXV�LQIRUPDWLRQ�LV�DYDLODEOH��$OVR��DGYLVRULHV�DUH�QRW�VSHFL¿F�WR�GLIIHUHQW�W\SHV�
of farmers such as progressive, marginal and small farmers. Therefore, there is a need 
to address all these issues related to this different status of farmers. 

�� Research information on crop-weather relations at different phenophases of growth is 
OLPLWHG�DQG�DOVR�LV�QRW�DYDLODEOH�IRU�GLIIHUHQW�UHJLRQV�RI�WKHVH�FRXQWULHV��4XDQWL¿FDWLRQ�
of assessment of impacts of weather parameters on crop growth is yet to be developed 
for different agroclimatic regions in each of these countries, wherever some 
information is available. At district- and block-level, such information can be put 
to more effective use and the AMFU staff must be trained to convert these research 
results into operational agromet advisories with information of relevance, interest and 
GLUHFW�XVH�WR�IDUPHUV�JURZLQJ�D�VSHFL¿F�FURS�RU�DGRSWLQJ�D�VSHFL¿F�FURSSLQJ�V\VWHP�

�� 7KH�HYDOXDWLRQ�RI�$$6�E\�IDUPHUV�DQG�WKH�HFRQRPLF�EHQH¿W�DFFUXHG�E\�WKH�IDUPHUV�
need to be analysed critically. Most of the information is based on small number 
of samples. There is a need to survey a wider area within the zone and analyse the 
HFRQRPLF�EHQH¿WV��UDWKHU�WKDQ�OLPLWLQJ�WKH�VWXG\�WR�RQH�YLOODJH�RU�IHZ�IDUPHUV�

�� Pakistan’s and Bangladesh’s agricultural advisory status is very similar to India’s. 
They are, however, providing the agricultural advisories at 10-day intervals through 
special bulletins prepared by the respective regional meteorological centres. The 
current status of medium-range weather forecasting in South Asia region is reliable up 
to 3 days; after which the reliability slightly decreases up to 5 days. The technology 
KDV�QRW�\HW�UHDFKHG�D�VWDJH�WR�UHOLDEO\�SURYLGH�D����GD\�IRUHFDVW�ZLWK�FRQ¿GHQFH��
With the drop in the reliability of 10-day forecasts, an agricultural advisory becomes 
redundant in view of the changing/variable weather. Therefore, they may also, at the 
current stage, shorten the advisory period from 10 days to 5 days, as in India.

�� A perusal of the forecasts that appear in the websites of some of the smaller countries 
like Nepal, Bhutan and Sri Lanka in the South Asia region does not contain concrete 
information or advice on any of agricultural operations to be taken up by farmers. 
It simply gives a forecast for next two days. The agricultural advisories by these 
countries thus need to be more focused and prepared separately, indicating the 
DSSURSULDWH�UHVSRQVH�IRU�IDUPHUV�FXOWLYDWLQJ�VSHFL¿F�FURSV��WDNLQJ�LQWR�DFFRXQW�
forecast weather and the phenological stage of the crop. Further, agricultural 
advisories, at present, are issued by agroclimatic zone in many of these countries. 
There is a need to further expand the advisory network to smaller regions (district/
block level) for better services to the local farming communities.

�� The evaluation system of AAS in Pakistan, Bangladesh, Nepal, Bhutan and Sri Lanka 
countries is not clear. The mode of collection of information on crops, growth stage, 
pest status etc., and its use in the preparation of AAS by AMFUs is also not clearly 
GH¿QHG��6LPLODUO\��WKH�UROH�RI�DJULFXOWXUDO�UHVHDUFK�RUJDQL]DWLRQV�LQ�%DQJODGHVK��
Sri Lanka, Nepal and Bhutan providing research information on crop-weather 
relationships for crops grown in different agroclimatic regions and its use in AAS, 
is mainly missing . More elaborative and collaborative efforts are needed on this 
important aspect, in these countries.

�� Also the number of AMFUs responsible for preparation of AAS and their constituent 
PHPEHUV�RI�DJUR�DGYLVRU\�ERDUGV�DUH�WR�EH�LGHQWL¿HG�E\�VXE�UHJLRQ�LQ�HDFK�FRXQWU\�
where such efforts were not yet taken up. The current pattern being followed in 
,QGLD�FRXOG�EH�DGRSWHG�E\�RWKHU�FRXQWULHV�ZLWK�VXLWDEOH�PRGL¿FDWLRQV��DFFRUGLQJ�WR�
DYDLODELOLW\�RI�UHJLRQDO�VFLHQWL¿F�DQG�WHFKQLFDO�VWDII��
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�� The private agencies and other NGOs who can play a positive role in extension 
DFWLYLWLHV�QHHG�WR�EH�LGHQWL¿HG�DQG�WKHLU�FROODERUDWLYH�HIIRUWV�LQ�GLVVHPLQDWLRQ�RI�$$6�
WR�IDUPHUV�GH¿QHG��$SSURSULDWH�OLQNDJHV�DUH�WKHQ�GHYHORSHG�IRU�DQ�HIIHFWLYH�SXEOLF�
private partnership, avoiding contradictory advisories for the same region.

�� In the countries which are providing 10-day weather forecasts, efforts need to be 
made on validating them. Also, the coverage of these forecasts and the number of 
AMFUs spread across the country using them is not clear. If the forecast is for a larger 
agroclimatic region, the relevance of AAS using the above forecast and conversion 
of this information for smaller areas using micro-level models need to be evaluated 
carefully.

�� While climate change is an issue of great concern to agricultural productivity and food 
security in most South Asian countries, the Farmers Awareness Program on Climate 
Change and the training modules for farmers and to AMFU members, to prepare them 
to meet the challenges of climate change, is not being seriously taken up in many 
countries. In India, AICRPAM, ICAR and IMD experience and the prime minister’s 
initiative on creating awareness in farming community on climate change, National 
level programs like NICRA ( National Initiative on Climate Resilient Agriculture) 
could be an example for other countries.

�� Forecasts issued by meteorological organizations often do not predict extreme weather 
events, thus putting farmers at greater risk. Therefore, there is a need to improve the 
predictability of extreme events and their impacts on different crop-growth stages. 
Contingency plans for different regions are required to be put in place, and timely 
input availability to farmers is taken care of.

�� The role of agricultural departments in providing the district/block level crop status 
and their linkages with the regional meteorological services for timely exchange 
RI�FURS�VWDWXV�LQIRUPDWLRQ�LV�WR�EH�FOHDUO\�GH¿QHG�DQG�HIIRUWV�VWUHQJWKHQHG��7KH�
advisories can be useful only if such information is made available in a timely  
way across these departments, both of which cater to the needs of the farming 
community.

�� Where extension research or extension information is not currently available, based 
on the current crop species, future contingencies of possible occurrence could be 
YLVXDOL]HG��VXFK�DV�ÀRRG��GURXJKW��KHDWZDYHV�DQG�FROGZDYHV��F\FORQH�GDPDJH��HWF����
ZLWK�UHIHUHQFH�WR�VLJQL¿FDQW�JURZWK�VWDJHV�DQG�UHPHGLDO�DFWLRQ��6XFK�SODQV�QHHG�
periodic assessment and correction based on changes in crop varieties and cropping 
systems and practices. However, instead of waiting for a contingency to occur, a plan 
should be kept ready in hand. Past experience (of agricultural departments, local 
authorities and farmers) with such contingencies can be documented; new plans can 
be formulated since weather systems do not respect political boundaries. Exchange 
of information within the South Asian region would be of value not only for weather 
system movement but also about agricultural contingencies and remedial action. 
+RWOLQHV�FRXOG�EH�HVWDEOLVKHG�DQG�DFWLYDWHG�GXULQJ�VSHFL¿F�ZHDWKHU�KD]DUG�SHULRGV�
and not necessarily on daily basis. The SAARC programme is one such avenue that 
FDQ�EH�EHQH¿FLDOO\�XVHG�E\�WKHVH�FRXQWULHV��DV�WKH\�DUH�DOUHDG\�FRRUGLQDWLQJ�LQ�YDULRXV�
PXWXDOO\�EHQH¿FLDO�ZD\V��

�� Satellite-based information could be supplemented by information from neighbouring 
countries. Being the big neighbour to all these countries, India can play a positive 
role to initiate and support such activity. A regional seminar on “weather hazards 
to agricultural crops, animal husbandry and the formulation of contingency plans 
and remedial action” could be taken up as a starting point for the exchange of 
past experiences and develop a plan of action, suitable to each of the member 
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countries. This should lead to future cooperation and streamline activity to meet such 
contingencies within any individual season.

�� Except for individual efforts, there is no consolidated information on potential 
utility of crop-weather forecast models for use with weather based agro-advisories, 
including pest and disease warnings. An 2- or 3-strong expert group could review and 
consolidate usable agriculture-weather forecast operational models requiring minimal 
input. Research models could be elaborate, but operational models might not need 
much generic information such as those required for Decision Support Systems for 
Agrotechnology Transfer (DSSAT), InfoCrop, the Agricultural Production Systems 
Simulator (APSIM) and other such models currently in use.

�� The governments of Nepal, Sri Lanka and Bhutan have only recently started providing 
agricultural advisories to farmers, but these countries have good infrastructure 
facilities and regional (SAARC) support to record weather data, and also are aware 
of the urgent need to scale-up. However, the agricultural advisory programme in 
these countries cannot be achieved without the active involvement of their respective 
meteorological departments and the agriculture research and extension agencies 
working in tandem and collaborating closely with a commitment and urgency. The 
farm-based advisories should be prioritized and additional supportive activities taken 
up by conducting further agrometeorological research in crop-weather relationships 
in their respective regions for strengthening the agricultural advisory service. 
Experiences from countries like India and Pakistan can help these countries adopt a 
fast-track approach to build up these facilities quickly.

�� 7KHUH�LV�DQ�XUJHQW�QHHG�IRU�WLPHO\�DQG�FURS�VSHFL¿F�DGYLVRULHV��DV�ZHOO�DV�HQKDQFLQJ�
the efforts by extension agencies to create awareness in the farming community on 
the effective use of agro-advisories. Weather based agro-advisory information and its 
dissemination by a well-trained extension worker or a progressive farmer, in countries 
where it is yet to take off, can be effectively initiated through gatherings of farmers 
at a central place in the village. It would be useful as an interactive response process. 
Such workers can be provided with a cash incentive. They could visit 3 or 4 villages 
every week (not on the same day but at farmers’ convenience). For some years to 
come, this would be the best option, where TV or radio dissemination of weather-
based advisories would still leave some doubts over the contingent situation. Looking 
WR�WKH�YDVW�DUHDV�WR�EH�FRYHUHG�E\�D�OLPLWHG�QXPEHU�RI�RI¿FLDOV��VXFK�HIIRUWV�DUH�RI�
great relevance. 

�� Where agricultural advisories are being provided through a web page, an interactive 
page has to be provided to enable the farmers to get answers. These will also of use to 
other farmers who are experiencing similar problems (like pest/disease incidence, and 
soil fertility and water-management issues, etc.)

�� These efforts towards strengthening the weather-based agricultural advisory services 
in the the South Asian region and efforts for country-to-country cooperation will 
enable farmers to make better use of the good weather conditions in improving 
productivity, and adopt sustainable crop production strategies as well as manage 
adverse weather conditions more effectively. Such an integrated effort can help in 
HQKDQFLQJ�WKH�FRQ¿GHQFH�RI�IDUPHUV�LQ�WKH�6$$5&�QDWLRQV�WR�XVH�DGYLVRULHV�IRU�WKH�
timely management of their crops, leading to higher crop productivity, and improve 
both their own economic status and the food security of the region.
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Conclusions
With diverse climates, crops, cropping systems, land-use patterns and economic status of 
rural population in the South Asian region, providing weather-based agricultural advisories 
is a great challenge. A great disparity has been observed among the countries that are large 
and better developed compared to small nations like Nepal, Sri Lanka and Bhutan. Therefore, 
there is an urgent need for greater cooperation among these densely populated SAARC 
countries to provide agricultural advisories in a timely way so farmers can achieve sustainable 
agricultural production.

In order to achieve this, the following suggestions are made for greater stability in food grain 
production by effectively managing the climate:

�� A micro-level resource inventory with respect to climate, soil, water, crop 
GHPRJUDSKLF��HFRQRPLF��VRFLDO��OLYHVWRFN�DQG�¿VKHULHV�PXVW�EH�FDUULHG�RXW�DQG�
contingency planning for all the districts in these countries be prepared to meet out the 
climate risks effectively.

�� The success of agricultural advisories is dependent on the reliable weather forecast 
and the crop information. The weather forecast capabilities of all the South Asian 
nations should be increased. Efforts should be made to enhance medium-range 
weather forecast reliability. A great cooperation across the countries in the region 
is essential. Experience across the countries and help from international research 
agencies has to be combined and information freely exchanged. To the extent possible 
the smaller countries are supported by their big neighbours in developing a good 
weather information base over their country. Also traditional knowledge on weather 
forecasting in different regions needs to be documented and related to advanced 
systems. 

�� To make available the crop conditions in different locations, the respective 
governments responsible for monitoring the above, must increase their staff 
and dedicate them, exclusively for this purpose. The role of NGOs, other social 
organizations and Krishi Vigyan Kendras (KVKs) or such similar agencies under 
Ministry of Agriculture and Extension in these countries, in providing such 
information at district/block level may be looked into for sharing this burden. Also 
the research wings of agrometeorological institutions in all these countries need to be 
IXUWKHU�VWUHQJWKHQHG�WR�SURYLGH�WKH�QHFHVVDU\�VFLHQWL¿F�LQIRUPDWLRQ�RQ�FURS�ZHDWKHU�
pest/disease relationships and contingency plans to be used in agro-advisory bulletins.

�� Droughts are common during the cropping season, especially in semi-arid and arid 
UHJLRQV�RI�6RXWK�$VLDQ�UHJLRQ��6LPLODUO\��ÀRRGV�DUH�FRPPRQ�LQ�%DQJODGHVK��RQ�WKH�
Indo-Gangetic plains, and states of eastern coastal regions in India. The existing 
drought monitoring institutions under the meteorological departments of various 
countries should develop close linkages with their respective agricultural research 
institutions and universities for providing the viable solutions to meet the challenges 
SRVHG�E\�GURXJKWV�DQG�ÀRRGV��$�VLPSOH�ZDWHU�EDODQFH�DSSURDFK�ZRUNHG�RXW�DW�ZHHNO\�
intervals and preparation of soil-moisture status maps can provide information on the 
stress experienced by different crops. The expertise available in International Research 
Institutes under CGIAR in the South Asian region must also be utilized, and these 
institutes must play a greater role in providing research.

�� 6LPLODUO\��ÀRRG�IRUHFDVWLQJ�DVVXPHV�JUHDWHU�VLJQL¿FDQFH�LQ�WKH�ÀRRG�SURQH�UHJLRQV�RI�
South Asia in agricultural advisory systems. The existing infrastructure for monitoring 
ÀRRGV�DQG�WKHLU�IRUHFDVWLQJ�WKURXJK�PRGHOV�QHHGV�WR�EH�IXUWKHU�VWUHQJWKHQHG��
,GHQWL¿FDWLRQ�RI�WKH�UHJLRQV�PRVW�YXOQHUDEOH�WR�ÀRRGV�DQG�PHDVXUHV�WR�UHGXFH�WKHLU�
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intensity and duration must be carried out as a priority. The use of satellites may be 
stepped up. Likewise understanding between meteorological departments, remote 
VHQVLQJ�DJHQFLHV��DQG�ZDWHU�UHVRXUFHV�DQG�ÀRRG�IRUHFDVWLQJ�XQLWV�LQ�SURYLGLQJ�WLPHO\�
KHOS�WR�WKH�IDUPHUV��$OVR�WKHUH�VKRXOG�EH�PRUH�FRRSHUDWLRQ�RQ�WKH�H[FKDQJH�RI�ÀRRG�
information for taking advance measures.

�� Farmers in these countries are mostly poor and the income from agriculture is 
QRW�VXI¿FLHQW�WR�PHHW�UHTXLUHPHQWV��6WLOO�WUDGLWLRQDO�DJULFXOWXUH�LV�SUDFWLFHG�LQ�
remote regions and technological innovations have not yet penetrated for various 
administrative and political reasons. A majority of the farmers are ignorant about 
weather and weather-based agricultural advisories and weather insurance. An 
DZDUHQHVV�FDPSDLJQ�RQ�WKH�LPSRUWDQFH�RI�ZHDWKHU��KRZ�LW�LV�PHDVXUHG��LWV�LQÀXHQFH�
on crops, livestock and horticulture need to be explained, possibly with residential 
courses. This program must continue throughout the year. The lead taken in India by 
IMD and ICAR in conducting awareness training can be adopted by other nations.

�� Expertise in weather forecasting, agricultural research, the preparation of agricultural 
advisories and infrastructure availability may be shared to improve the capabilities 
of small nations like Nepal, Sri Lanka and Bhutan. Attempts by agencies like ADPC, 
CABI in providing such support to some parts of Southeast Asia can be extended to 
South Asia. 

�� The international research organizations in these regions may play a much more 
active role in conducting a mass campaign on awareness and provide necessary 
research inputs for improving agricultural advisories by expanding their activities into 
different agroclimatic regions, and integrating research with local NGOs and other 
organizations. They may concentrate on less developed nations in improving their 
agrometeorological capabilities and transfer knowledge and experience gained from 
working with developed countries.

�� Such concerted effort needs great commitment from forecasters, researchers and 
H[WHQVLRQ�RI¿FLDOV�DQG�JRYHUQPHQWV�WR�HQKDQFH�WKH�FRQ¿GHQFH�RI�IDUPHUV�DQG�HQDEOH�
them to effectively deal with weather conditions, and sustain and enhance their 
productivity.
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Annex:  
The Status of Agrometeorological Advisory Services in 
India
Dr L.S. Rathore
'LUHFWRU�*HQHUDO�RI�0HWHRURORJ\��,QGLD�0HWHRURORJLFDO�'HSDUWPHQW��1HZ�'HOKL��������

Introduction

Weather and climate information play a major role before and during the cropping season and 
if provided in advance can help farmers apply resources in order to take advantage of favour-
able conditions and mitigate potential losses in unfavourable ones. Hence, agrometeorological 
LQIRUPDWLRQ�PD\�KHOS�IDUPHUV�PDNH�WKH�PRVW�HI¿FLHQW�XVH�RI�QDWXUDO�UHVRXUFHV�DQG�IDUPLQJ�
inputs, with the aim of improving agricultural production both in quantity and quality. In an 
environment of increasing weather and climate variability under climate change, farmers are 
in greater need of agrometeorological information blended with weather sensitive manage-
ment advisories before the start of cropping season to support adaptation of agricultural prac-
tices. In this context, agrometeorological advisories based on short and medium range weather 
forecasts become vital to stabilizing yields through management of agro-climatic resources as 
well as other inputs such as irrigation, fertilizer and pesticides. The Agrometeorological Advi-
sory Service (AAS) of the India Meteorological Department (IMD), Ministry of Earth Scienc-
es (MoES) is intended to contribute to weather information based crop/livestock management 
strategies and operations dedicated to enhancing crop production and food security. The main 
emphasis of the existing AAS system is to collect and organize climate/weather, soil and crop 
information, and to integrate them with weather forecast information to assist farmers in their 
management decisions. The programme has helped to develop and apply operational tools to 
PDQDJH�ZHDWKHU�UHODWHG�XQFHUWDLQWLHV�WKURXJK�DJURPHWHRURORJLFDO�DSSOLFDWLRQV�IRU�HI¿FLHQW�
agriculture in rapidly changing environments. 

The information support systems under AAS include: 
�� provision of weather, climate, crop/soil and pest disease data to identify biotic and 

abiotic stress for on-farm strategic and tactical decisions; 
�� SURYLVLRQ�RI�GLVWULFW�VSHFL¿F��SDQ�,QGLD��ZHDWKHU�IRUHFDVWV��UDLQIDOO��FORXGLQHVV��

maximum/minimum temperature, wind speed, wind direction, maximum/minimum 
relative humidity) up to 5 days with outlook for rainfall for the remaining two days of 
the week;

�� translation of weather and climate information into farm advisories using existing 
UHVHDUFK�NQRZOHGJH�RQ�PDNLQJ�PRUH�HI¿FLHQW�XVH�RI�FOLPDWH�DQG�VRLO�UHVRXUFHV�
through applications of medium range weather forecasts, in order to maximize 
EHQH¿WV�RI�EHQHYROHQW�ZHDWKHU�FRQGLWLRQV�DQG�DOOHYLDWH�WKH�DGYHUVH�LPSDFWV�RI�
malevolent weather events. A broad spectrum of advisories provide information on: 
weather-sensitive farm operations such as sowing/transplanting of crops, fertilizer 
application based on wind condition and intensity of rain, pest and disease control, 
intercultural operations (operations carried out on the soil between sowing and 
harvesting, e.g. weeding, pesticide application, etc), amount and timing of irrigation 
using meteorological thresholds and advisories for timely harvest of crops;

�� introduction of technologies such as crop simulation model-based decision support 
systems to support adaptation of agricultural production systems to weather and 
climate variability and to the increasing scarcity of inputs such as water, seed, 
fertilizer, pesticide etc.;
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�� developing effective mechanisms for timely dissemination of agrometeorological 
advisories to farmers;

�� effective training, education and extension on all aspects of agricultural meteorology. 

To achieve this, MoES sought and promoted cooperation between national agriculture and 
meteorological agencies and those responsible for dissemination of agrometeorological 
information and advisories. In addition to setting up a good agrometeorological observation 
network, numerical weather prediction (NWP) methods including multi-model ensembles 
�00(��KDYH�EHHQ�GHYHORSHG�WR�SUHSDUH�GLVWULFW�VSHFL¿F���GD\�ZHDWKHU��$�QHWZRUN�RI�����
Agro-meteorological Field Units (AMFUs) has been set up to translate weather forecasts 
into agro-advisories. These units have been set up at State Agriculture Universities (SAUs), 
institutes of the Indian Council of Agriculture Research (ICAR), Indian Institute of 
Technology (IIT) and other organizations working in the sphere of the agricultural sciences. 
A multi-media system for dissemination of agrometeorological advisories to the farming 
community has been put in place in which, in addition to use of the conventional modes of 
communication (e.g., radio, television and print media), concerted efforts are made to reach 
farmers through emerging modes of communication such as mobile phones and the Internet. 
Short message service (SMS) and voice messages are being sent to subscribing farmers by 
private companies such as Reuters Market Light, IFFCO Kisan Sanchar Limited, MahaAgri, 
and Handygo. Besides these companies there are many companies such as Mahindra and 
Mahindra, Infosys, NOKIA etc. that are likely to start providing these services in the near 
future. AAS has also developed a mechanism to assess users’ needs and strives to meet 
WKHP�LQ�RUGHU�WR�SOD\�DQ�HI¿FLHQW�UROH�IRU�WKH�LPSURYHPHQW�RI�DJULFXOWXUDO�SURGXFWLRQ��$�
study aiming to assess the economic impact of AAS carried out 2003-2007 at 15 AAS units 
covering 3 NKDULI�1 and 3 UDEL࣠2�VHDVRQV�FRQFOXGHG�WKDW�IDUPHUV�FRXOG�DYRLG�VLJQL¿FDQW�ORVVHV�
of farm inputs like seeds, water, pesticides and fertilizers and reaped better harvest and made 
WKHLU�IDUPLQJ�PRUH�SUR¿WDEOH�E\�XVLQJ�WKH�$$6��,Q�JHQHUDO�WKHUH�LV�D�QHW�JDLQ�UDQJLQJ�IURP���
to 10 percent by those farmers who used the information provided by the AAS system.

Infrastructure currently available for agrometeorology
Agro-Meteorological Field Units (AMFUs) and collaborating organizations
As agrometeorology is a multi-disciplinary subject, the weather based advisory service 
involves collaboration across multiple organizations. A network of departments/agencies 
works together to issue need-based agro-advisories in real time. The following departments 
and organizations participate in AAS:

�� SAUs, IITs etc.
�� ICAR and its Research Institutes
�� State and Union Departments of Agriculture 
�� Department of Space (NRSI, NADAMS)
�� Prasar Bharati and other media (Radio, TV and print)
�� Department of Information Technology
�� State, District, Tehsil and Village Level Administration including Krishi Vigyan 

Kendras (KVKs – agricultural science extension centres) and Agricultural Technology 
Management Agency (ATMA)

�� Non Governmental Organizations (NGOs) 

Being a multidisciplinary and multi-institutional project, AAS involves many stakeholders. 
7KH�$$6�V\VWHP�LV�LPSOHPHQWHG�WKURXJK�D�¿YH�WLHU�VWUXFWXUH�FRPSRVHG�RI�GLIIHUHQW�

1  Kharif crops are grown June-October on the Indian subcontinent. 
2  5DEL crops are grown November-April on the Indian subcontinent.
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components of the service spectrum: meteorological (weather observing and forecasting), 
agricultural (identifying weather sensitive stresses and preparing suitable advisories using 
weather forecasts), extension (two-way communication with users) and information 
GLVVHPLQDWLRQ��PHGLD��LQIRUPDWLRQ�WHFKQRORJ\��WHOHFRP��DJHQFLHV��¿JXUH����

The MoES of the Government of India has set up a network of 130 AMFUs covering 
all agroclimatic zones of the country. These are operated at SAUs, ICAR institutions, 
and IIT by providing grant-in-aid from IMD. These units are responsible for recording 
agrometeorological observations, preparing medium range weather forecast-based 
agrometeorological advisories for the districts falling under the precinct of the concerned 
agroclimatic zone, and dissemination of the same. Participating units have appointed a Nodal 
2I¿FHU�DQG�7HFKQLFDO�2I¿FHUV��ZKR�SUHSDUH�WKH�DGYLVRU\�EXOOHWLQV�LQ�FRQVXOWDWLRQ�ZLWK�D�SDQHO�
of scientists drawn from various disciplines at these units.

Agrometeorological support for farm management
Weather-based farm advisories as a support system are based upon background information 
including characterization of agroclimatic zones, length of crop growing period, moisture 
availability period, distribution of rainfall and evaporative demand of the regions, weather 
requirements of cultivars and weather sensitivity of farm input applications. The ingredients 
of a typical Agro-meteorological Advisory Bulletin are the following:
1. GLVWULFW�VSHFL¿F���GD\�ZHDWKHU�IRUHFDVW��LQ�TXDQWLWDWLYH�WHUPV��IRU�UDLQIDOO��FORXGLQHVV��

max/min temperature, wind speed/direction and relative humidity, including forewarning 
of hazardous weather events likely to cause stress on standing crops and suggestions to 
protect the crop from them;

2. weather forecast-based information on soil moisture status and guidance for application of 
irrigation, fertilizer and herbicides etc;

3. advisories on dates of sowing/planting and suitability of carrying out intercultural 
operations covering the entire crop spectrum from pre-sowing to post harvest to guide 
farmers in day-to-day operations;

)LJXUH����7KH�ÁRZ�FKDUW�IRU�'LVWULFW�/HYHO�$JUR�0HWHRURORJLFDO�$GYLVRU\�6HUYLFH��'$$6��
System.

Preparation of 
GLVWULFW�VSHFL¿F�
agro-advisories 
for concerned 
agroclimatic
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4. weather forecast-based early warning system for major pests and diseases of principal 
crops and advice on plant protection measures;

5. techniques for manipulation of crops’ microclimate, e.g. shading, mulching, other surface 
PRGL¿FDWLRQV��VKHOWHUEHOW��ZLQGEUHDNV���IURVW�SURWHFWLRQ�HWF��WR�SURWHFW�FURSV�XQGHU�
stressed conditions;

6. techniques for reducing the contribution of agricultural production systems to global 
warming and environment degradation through judicious management of land, water and 
farm inputs, particularly pesticides, herbicides and fertilizers;

7. advisories on livestock health, shelter and nutrition.

6XSSRUW�IRU�WKH�DERYH�LV�UHQGHUHG�WKURXJK�SUHSDUDWLRQ�RI�GLVWULFW�VSHFL¿F�DJURPHWHRURORJLFDO�
advisory bulletins that are tailored to meet farmers’ needs and are made relevant to his/her 
decision-making processes. The suggested advisories contain advice on farm management 
actions designed to take advantage of good weather and mitigate the stress on crop/livestock, 
and generally alter operations in a way that improves outcomes. Hence, while formulating 
WKH�EXOOHWLQ�RI¿FHUV�DQG�VFLHQWLVWV�VKRXOG�EH�DZDUH�RI�FXUUHQW�FURS�FRQGLWLRQV��,GHDOO\��IDUPHUV�
should place requests for information to the AMFU/IMD either directly or via the extension 
RI¿FHU��%XW�PRUH�RIWHQ�WKDQ�QRW��VXFK�LQIRUPDWLRQ�KDV�WR�EH�DVVHVVHG�WKURXJK�¿HOG�REVHUYDWLRQ��
media reports, farmers’ feedback, and remote sensing observations (vegetation indices such as 
the Normalized Difference Vegetation Index, etc.) The desired information is also obtained by 
exploratory surveys or participatory methods of personal interactions with farmers. The critical 
issues with regard to tailoring information for farmers, as summarized by Hansen (2002), 
LQFOXGH��D��VLWH�VSHFL¿FLW\�±�WKDW�IDUPHUV�DUH�DZDUH�RI�VSDWLDO�YDULDELOLW\�LQ�ZHDWKHU�DQG�FOLPDWH�
and can recognize scale mismatches between the forecasts and their on-farm decisions; b) 
WHPSRUDO�VSHFL¿FLW\�±�LQFOXGLQJ�WLPLQJ�UHODWLYH�WR�GHFLVLRQV�DQG�LPSDFWV��KLJKOLJKWLQJ�IDFWRUV�
such as onset of rainfall, dry spell distribution, and weather conditions during harvest; and, c) 
skill of the forecast – which needs to be presented in different terms from those given by the 
forecasters and rather relative to the other risks within farming operations. 

The bulletins are encoded in a format and language that is easily understood by the 
IDUPHU��7KH�DJURPHWHRURORJLVWV�¿UVW�LQWHUSUHW�WKH�LPPHGLDWH�SDVW�ZHDWKHU�DQG�WKH���GD\�
forecast and translate it into layman’s terms so that the farmers can understand it. Thus, the 
agrometeorologists play a vital role in the translation of messages from the meteorologists to 
the agricultural sector. Also, interaction between the AMFUs and farmers to identify weather-
sensitive decisions is promoted under the service. This step enables a relationship between 
the IMD, AMFUs, and the farmers so that they can identify or diagnose the gaps in weather 
information available from the IMD. As the interaction between weather and agriculture is 
complex, it is not just a case of applying a simple solution and expecting implementation 
E\�WKH�IDUPHUV��6R��DQ�DZDUHQHVV�EXLOGLQJ�SURFHVV�WR�XQGHUVWDQG�WKH�LQÀXHQFH�RI�ZHDWKHU�
and climate on sustainable agricultural production as outlined by Sivakumar, et al (2000) is 
followed. 

The Agro-meteorological Advisory Bulletins are issued at district, state and national levels 
to cater to the needs of local to national level users. The district-level bulletins are issued by 
$0)8V�DQG�LQFOXGH�FURS�VSHFL¿F�DGYLVRULHV�IRU�¿HOG�FURSV��KRUWLFXOWXUDO�FURSV�DQG�OLYHVWRFN��
At present these bulletins are issued for 539 districts in the country. The State Level bulletin is 
a composite of district bulletins helping to identify the distressed districts of the state as well 
as planning the supply of appropriate farm inputs such as seeds, irrigation water, fertilizer, 
pesticides etc. These bulletins are jointly prepared by the State Meteorological Centres of 
IMD and AMFUs and mainly used by State Government functionaries. They are also useful 
to the fertilizer and pesticide industries, the Irrigation Department, seed companies, transport 
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VHUYLFHV�DQG�RWKHU�RUJDQL]DWLRQV�WKDW�SURYLGH�DJULFXOWXUDO�LQSXWV��7KLV�EXOOHWLQ�LV�D�VLJQL¿FDQW�
input to the State-level Crop Weather Watch Group (CWWG) meeting. Presently, these 
bulletins are issued for all the states of the country. National Agro-meteorological Advisory 
Bulletins are prepared by the National Agro-meteorological Advisory Service Centre, 
Division of Agricultural Meteorology, IMD in Pune, using inputs from various states. This 
bulletin helps identify stress on various crops for different regions of the country and supports 
suitable incorporation of advisory information into management and planning decisions at 
the national level. The Ministry of Agriculture is prime user of these bulletins, which support 
important decisions in CWWG meetings at national level. The national-level bulletins are also 
used by a large number of other organizations including fertilizer and pesticide companies.

Database and models used in agrometeorology 
Weather forecasting system for AAS
In the recent past, IMD has made enormous improvements in the accuracy and lead time of 
forecasts for various usages including AAS, due to the introduction of advanced numerical 
weather prediction models (NWP), improved data (both conventional and non-conventional) 
and its assimilation, and high speed computers. This trend is expected to continue as more 
sophisticated numerical models of the atmosphere and oceans are developed. Using inputs 
from extensive observation networks and employing a host of global, regional and meso-
scale models, IMD has provided quantitative district-level (612 districts) weather forecasts 
up to 5 days in advance since 1 June 2008. Forecast products include quantitative forecasts 
for 7 weather parameters: rainfall, maximum temperature, minimum temperatures, wind 
speed, wind direction, relative humidity and cloudiness. In addition, a weekly cumulative 
rainfall forecast is provided. IMD in New Delhi generates these products using a Multi Model 
Ensemble (MME) technique based on forecast products available from a number models 
from India and other countries. These include: T-254 model of NCMRWF, T-799 model 
of European Centre for Medium Range Weather Forecasting (ECMWF), and models from 
WKH�8QLWHG�.LQJGRP�0HW�2I¿FH��8.02���1DWLRQDO�&HQWUH�IRU�(QYLURQPHQWDO�3UHGLFWLRQ�
(NCEP), USA and Japan Meteorological Agency (JMA). The products are disseminated to 
Regional Meteorological Centres and Meteorological Centres of IMD located in different 
VWDWHV��7KHVH�RI¿FHV�XQGHUWDNH�YDOXH�DGGLWLRQ�WR�WKHVH�SURGXFWV�XVLQJ�V\QRSWLF�LQWHUSUHWDWLRQ�
of model output and disseminate them to 130 AMFUs every Tuesday and Thursday.

Results show that MME forecasts have better capability (compared to individual member 
models) to capture large-scale rainfall features of the summer monsoon, such as the heavy 
rainfall belt along the west coast, over the domain of monsoon trough and along the foothills 
of the Himalayas. The model inter-comparison reveals that the ensemble forecast is able to 
provide more realistic spatial distribution of rainfall by taking advantage of the strengths of 
each constituent model. The mean error as well as Root Mean Squared Error (RMSE) is found 
to be lowest in the ensemble forecasts both in magnitude and in the spatial area coverage. 
Results of error statistics have clearly demonstrated the superiority of the MME over the 
individual member models. Among the member models ECMWF is found to be the most 
skilful followed by JMA and NCEP Global Forecast System (GFS). The forecasts for other 
parameters, namely maximum and minimum temperature and morning and evening relative 
humidity, have also shown reasonably good skill. The results of the district-level performance 
of the ensemble rainfall forecast show that the technique, in general, is capable of providing 
reasonably good forecast skill over most states of the country, particularly over the districts 
of the Central Zone where the monsoon systems are dominant. Though the procedure shows 
appreciable skill in predicting the occurrence or non-occurrence of light to moderate rainfall 
at the district level, it has certain limitations in capturing heavy rainfall events. 
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,QWHU�FRPSDULVRQ�RI�WKH�FRXQWU\¶V�PHDQ�VSDWLDO�FRUUHODWLRQ�FRHI¿FLHQW��&&��RI�UDLQIDOO�
forecasts by MME and member models is presented in Figure 2. The results show that MME 
is superior to each member model at all the forecast levels (day 1 to day 5). Inter-comparison 
of the threat scores (a measurement of the fraction of forecast events that were correctly 
predicted) of rainfall forecasts by MME and member models at different rainfall thresholds 
was also computed. The results indicate that at all rainfall thresholds, MME is more skilful 
than each individual model. 

Figure 2. Inter-comparison of country mean spatial CC of day 1–day 5 rainfall forecasts 
by MME and member models for the period from 1 June to 30 September 2008.

The MME technique is constantly being updated and at present work is underway to compute 
weights for each of ECMWF, JMA, NCEP, NCMRWF and UKMO based on 2008 monsoon 
GDWD�IRU�WKH�¿YH�00(�PHPEHUV�WR�EH�XVHG�IRU�ZHDWKHU�SUHGLFWLRQ��'HYHORSPHQW�ZRUN�LV�
also underway to design a MME method for issuing a probabilistic 3-day forecast based on 
very high resolution non-hydrostatic meso-scale models to estimate risk for districts, making 
use of the new observations and infrastructure that would be available from the ongoing 
modernization programme of IMD. Data sources used in numerical weather modelling include 
upper air soundings, land surface instruments (including the network of automatic weather 
stations (AWS) and automatic rain gauge stations (ARG) at the sub-district scale), marine 
VXUIDFH�LQVWUXPHQWV��EXR\V��DLUFUDIW�REVHUYDWLRQV��ZLQG�SUR¿OHUV��QRQ�FRQYHQWLRQDO�GDWD�IURP�
satellites- wind and radiances, rain rate etc. In the future the network density of AWS/ARGs 
will be further enhanced so as to automatically record meteorological observations at near 
block3 level. In addition, installation and commissioning of a network of 55 Doppler Weather 
Radar towers is in progress. Techniques have been developed to assimilate large volumes of 
satellite-derived information from the INSAT-3D satellite. Through improvement in observing 
V\VWHPV��WKHUH�ZLOO�EH�IXUWKHU�LPSURYHPHQW�LQ�GH¿QLQJ�WKH�LQLWLDO�FRQGLWLRQV�LQSXW�LQWR�1:3�
models, which may lead to further improvement in skill of weather forecasts. There is a plan 
to use geographic information systems (GIS) in the near future for generating customized 
agrometeorological products. 

The value addition to NWP model outputs is undertaken along with preparation of district 
level weather forecasts at Meteorological Centres, which are located in different states and are 

3 Block is an administrative sub-division below the district level used in rural areas of India.
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UHVSRQVLEOH�IRU�LVVXLQJ�WKH�¿QDO�IRUHFDVW�WR�WKH�$0)8V��7KH�00(�RXWSXW�PD\�EH�PRGL¿HG�E\�
the Field Forecaster using inputs from very high-resolution meso-scale Weather Research and 
Forecasting (WRF) models, synoptic knowledge, bias correction of district forecast etc. These 
Centres run the WRF model using initial conditions generated from global models for detailed 
analysis of rain-bearing systems at a higher resolution. 

Translating weather forecasts into agrometeorological advisory bulletins
An inter-disciplinary group of agricultural and extension specialists at each AAS Unit 
formulates weather-based farm advisory bulletins upon receipt of medium range weather 
IRUHFDVWV�IURP�,0'��7KHVH�EXOOHWLQV�FRQWDLQ�ORFDWLRQ�DQG�FURS�VSHFL¿F�IDUP�OHYHO�DGYLVRULHV�
prepared in local languages and incorporate the available knowledge on crop-weather 
relationships. Weather-based agro-advisories take into account the prevailing weather, soil and 
crop conditions, and based on the weather prediction suggest measures/practices to minimise 
losses and optimise inputs in the form of irrigation, fertiliser or pesticides. Real time weather 
and climatic information are essential ingredients for development of agro-advisories.

Application of weather forecasts to generate crop advisories is linked to accuracy, spatial 
domain of validity and temporal range of the forecasts. In view of the requirements of the 
farming community, district level forecasts are issued for the above listed parameters for the 
QH[W���GD\V�DQG�DUH�WUDQVODWHG�LQWR�FURS�VSHFL¿F�DGYLVRULHV�NHHSLQJ�LQ�YLHZ�WKHLU�SKHQRORJLFDO�
stages to guide farmers on cultural practices. 

'LVWULFW�VSHFL¿F�PHGLXP�WHUP�IRUHFDVW�LQIRUPDWLRQ�DQG�DGYLVRULHV�KHOS�IDUPHUV�PD[LPL]H�
output and avert crop damage or loss. They also help growers anticipate and plan for chemical 
applications, irrigation scheduling, disease and pest outbreaks and many more weather related 
DJULFXOWXUH�VSHFL¿F�RSHUDWLRQV��6XFK�RSHUDWLRQV�LQFOXGH�FXOWLYDU�VHOHFWLRQ��GDWHV�RI�VRZLQJ�
planting/transplanting, dates of intercultural (weeding, pesticide application etc.) operations, 
dates of harvesting and also performing post harvest operations. Agrometeorological 
DGYLVRULHV�KHOS�LQFUHDVH�SUR¿WV�E\�FRQVLVWHQWO\�GHOLYHULQJ�DFWLRQDEOH�ZHDWKHU�LQIRUPDWLRQ��
analysis and decision support for farming situations such as: pest management through 
forecasts of relative humidity, temperature and wind; irrigation management through rainfall 
and temperature forecasts; and protecting crop from thermal stress through forecasting of 
extreme temperature conditions etc.

Under the AAS system, more focus is now being given to the use of crop/soil simulation 
models to assess and recommend crop management strategies for a given weather condition. 
Agricultural scientists at AMFUs have started using crop simulation models as a decision 
support tool for making weather forecast based farm management recommendations, as they 
are more objective. For example, the AMFU can objectively assess the impact of skipping 
irrigation at a particular phenophase of a crop on its dry matter yield, though with some 
uncertainties. Agrometeorologists can consider many of the factors involved, and answer the 
farmers’ questions with a reasonable estimate. The crop models are also being used as tools 
IRU�SUHGLFWLRQ�RI�WKH�GXUDWLRQ�RI�GLIIHUHQW�SKHQRSKDVHV�DQG�¿QDO�\LHOG�

Decision support tools for generating weather-based farm advisories
Technological tools are required to translate weather information into agricultural 
management decisions. Accurate simulation of phenological stages with the necessary details 
for practical applications and management strategies helps considerably in scheduling of 
management actions. The management decisions that can be directly linked to weather 
forecasts are irrigation management, fertilizer application, herbicide application, pest/disease 
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control, and harvest. For this crop-soil simulation models are employed to predict crop-level 
responses to different weather situations and soil moisture conditions. Such models are useful 
to develop decision support information for weather-based crop management. At the farm 
level, a series of short-term decisions must be made on the basis of knowledge or forecasts 
of parameters that are derived from weather forecasts, e.g. soil moisture, phenological 
development stage etc. In such a case, it is important that the farmer is forewarned about the 
likely impacts and enabled to mitigate negative impacts through an objective understanding of 
WKH�LQWHUDFWLRQ�EHWZHHQ�YDULRXV�IDFWRUV�LQÀXHQFLQJ�WKH�FURS�JURZWK�DQG�GHYHORSPHQW��ZDWHU�
and nutrient supply, biotic stresses and the time of planting and harvesting of the crop. The 
AAS system has started using crop models to support crop management decision-making, 
but substantial improvements in modelling capabilities are needed. CERES and CROPGRO 
models, for different crops, have been incorporated in the Decision Support System for Agro-
technology Transfer (DSSAT) crop systems model for use in crop and irrigation management 
in some agro-climatic zones. Examples on these aspects have been demonstrated by Aggarwal 
et al (2006), for tropical regions including Asia, where related user-friendly software has been 
developed.

Agrometeorological observatories and data for advisory services
Agrometeorological data form the basis of any agricultural pursuit, whether planning, 
development, operations or research. The Agriculture Meteorology Division of IMD has been 
providing assistance to various agricultural universities/institutions, State Departments and 
other organizations to set up agro-meteorological observatories by way of on farm siting and 
installation of instruments and maintenance of the observatories. The data recorded in agro-
meteorological observatories are being utilized for research and development (R&D) as well 
as operational services such as AAS, and by a number of organizations for research, planning 
and management. This data is also used for used for preparation of routine charts and as 
input for crop models. To meet these needs the Agriculture Meteorology Division maintains a 
network of 261 agrometeorological observatories in farm environments. Beside this network, 
there are 42 evapotranspiration stations, 330 pan evaporation stations, 43 soil moisture 
observatories, and 75 dewfall observatories. Agro-meteorological Automatic Weather Stations 
(Agro-AWS) have been installed at 127 AMFUs and installation of Agro-AWS is planned for 
all KVKs in the country.

The data received from these observatories are scrutinized, archived and supplied to scientists, 
planners etc. The following types of agrometeorological observatories are in operation:
1. Principal agricultural meteorological stations
2. Ordinary agricultural meteorological stations
3. Auxiliary agricultural meteorological stations
4. Micromet stations (desert locust meteorological stations)
5. Evapotranspiration stations
6. Soil moisture stations.

Strategies for dissemination of agrometeorological advisories
Critical factors for successful dissemination of advisories include relevance of the information 
to weather and climate sensitive decision-making in agriculture, and good outreach. The goal 
is to provide information to help farmers make the best possible use of weather and climate 
information (Aggarwal 2002). To ensure delivery of information to the farming community, a 
multi-mode dissemination system is essential in which in addition to the conventional modes 
of communication (radio, television and print media), emerging modes of communication 
such as mobile phones and Internet are also deployed. 
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Advisories are disseminated to farmers through following the multi-channel system:
i. All India Radio (AIR) and Door Darshan (Government of India television service) 
ii. Private TV and radio channels 
iii. Newspaper
iv. Mobile phone/SMS
v. Internet 
vi. Virtual Academy/Virtual Universities/NGOs 
vii. Kisan (Farmer) Call Centres/ICAR and other related Institutes/SAUs/State extension 

networks
viii. Krishi Vigyan Kendra (KVKs)

In general, the use of more than one channel offers a greater chance of reaching the client or 
user. AAS advisories are primarily disseminated to farmers by mass modes of communication, 
with additional outreach at the village level and contact with extension agents. Group 
methods at the village level involve addressing the needs of clients that have similar needs 
DQG�FDQ�EHQH¿W�IURP�VLPLODU�LQIRUPDWLRQ��7KLV�PHWKRG�XVHV�XQLIRUP�DGYLVRULHV�IRU�WDUJHWHG�
groups formulated to address critical decisions and provide the desired agrometeorological 
information using the same format and language. The groups allow farmers to be exposed 
to other farmers’ successes as well as realize that they may encounter similar problems 
or obstacles. This encourages them to consider alternatives that may have been used by 
others. It also helps to share experiences and opinions and identify gaps in the knowledge 
RU�LQIRUPDWLRQ�ÀRZ��-R\FH��������7KH�JURXSV�FDQ�EH�XVHG�LQ�IROORZ�XS�RQ�ERWK�PDVV�PHGLD�
dissemination and previous individual contacts. The individual contact method can be time 
consuming but also build good rapport and help maintain credibility between the role-players. 
It is a vital part of the participatory technology and training method of extension. 

7R�LPSURYH�WKH�VHUYLFH�WKURXJK�FRQWLQXRXV�UH¿QHPHQW�D�ÀRZ�RI�LQIRUPDWLRQ�IURP�IDUPHUV�
RQ�TXDOLW\�DQG�UHOHYDQFH�RI�LQIRUPDWLRQ�DQG�RU�GHPDQG�IRU�VSHFL¿F�SURGXFWV�LV�UHTXLUHG��
Hence two-way communication with farmers must be an integral part of the dissemination 
system. Deployment of the communication model should be in accordance with user needs 
DQG�FRQYHQLHQFH��$$6�KDV�FRQVLGHUHG�GLIIHUHQW�DVSHFWV�SHUWLQHQW�WR�WKH�ÀRZ�DQG�FRQWHQW�
of information and accordingly developed an evolving strategy for dissemination of 
agrometeorological information. Although concerted efforts are being made to set up two-way 
FRPPXQLFDWLRQV��DV�RI�QRZ�WKH�LQIRUPDWLRQ�ÀRZ�LV�ODUJHO\�RQH�ZD\��$OWKRXJK�$0)8V�KDYH�
limited interaction with the farmers, good communication and working relationships have 
been set up with the agricultural extension system via KVKs and Kisan (Farmer) Call Centres 
etc. to promote participatory methods for interactions with farmers. The agrometeorological 
bulletins contain dynamic information so repetitive dissemination is needed. This iterative 
process also helps to address the large temporal and spatial variability in weather and climate 
and its complex relationship with agriculture (Carlson 1989).

The dissemination of agrometeorological information illustrates the vital parts of 
FRPPXQLFDWLRQ��&RPPXQLFDWLRQ�LQFOXGHV�¿YH�IXQGDPHQWDO�IDFWRUV��LQLWLDWRU��UHFLSLHQW��PRGH�
or vehicle, message, and effect. The communication begins with the farmer who formulates 
D�UHTXHVW�WR�WKH�LQLWLDWRU��7KH�LQLWLDWRU�PXVW�EH�DEOH�WR�WUDQVODWH�LW�LQWR�D�VFLHQWL¿F�IRUPXODWLRQ�
to perform data analysis and prepare a message in a format and language that the farmer 
FDQ�XQGHUVWDQG��7KH�SURFHVV�LQFOXGHV�D��LGHQWL¿FDWLRQ�RI�WKH�FOLHQWV�RU�WDUJHW�JURXSV��DQG�E��
LGHQWL¿FDWLRQ�RI�ZHDWKHU�DQG�FOLPDWH�VHQVLWLYH�GHFLVLRQV�WKDW�DUH�PDGH�GXULQJ�WKH�FRXUVH�RI�
day-to-day farm management. This step enables a relationship between the meteorologists, 
agricultural scientists, extension personnel and the farmers so that they can identify or 
diagnose the gaps in weather information available from the National Meteorological and 
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Hydrological Services, and c) choose the right media among those available to the targeted 
user groups.

The use of electronic media such as e-mail or the Internet depends on the availability and 
access of these methods to the users. Access is increasing in India, in particular through 
an initiative of the Department of Information Technology, which is in the process of to 
setting up a network of common service centres (CSC). AAS is a scalable system that can be 
incrementally developed and extended to cover all the farmers and crops of India in a cost-
HIIHFWLYH�PDQQHU��,W�HQDEOHV�WKH�IDUPHU�WR�UHFHLYH�ERWK�FURS�DQG�ORFDWLRQ�VSHFL¿F�H[SHUW�DGYLFH�
in a timely manner. With the advent of computers and Internet, emphasis is often being given 
to electronic communication systems. However, TV and radio services are still the best ways 
of communicating advisories among rural people as these are not only fast methods, but also 
large and illiterate masses can be contacted. Broadcasting of advisories in vernacular language 
increases their accessibility relative to other means of communication. Under the AAS scheme 
efforts are being made to strengthen the outreach of the agrometeorological advisories as per 
the need of the farmers.

Dissemination of AAS advisories through the Internet
'LVVHPLQDWLQJ�DJURPHWHRURORJLFDO�LQIRUPDWLRQ�LV�SDUW�RI�D�SURFHVV�WKDW�EHJLQV�ZLWK�VFLHQWL¿F�
knowledge and understanding and ends with evaluation of the usefulness of the information 
to users. The Internet is one of the new and cost-effective technologies that can provide 
this information in an accurate and timely manner. Additionally, the Internet can also be 
effectively used to offer training modules to agrometeorologists to help them improve the 
quality of the products they produce. Agrometeorological bulletins are available on the India 
Meteorological department and Agricultural Meteorology Division websites and websites 
maintained by collaborating agencies. 

Dissemination of AAS advisories through mobile phone
AAS advisories are also disseminated to the farming community in India through SMS 
and IVR (Interactive Voice Response Technology). Under the SMS system an information 
platform has been created which allows AMFUs to provide information to farmers in a 
FRQYHQLHQW�DQG�WLPHO\�PDQQHU��7KH�DGYLVRULHV�DUH�FURS�DQG�ORFDWLRQ�VSHFL¿F�DQG�GHOLYHUHG�
within an actionable time frame to the farmers. Under the IVR system the information from 
AMFUs for each state is collected and then stored, and converted into voice messages. 
Farmers can then call in and receive the desired information. 

Public-private partnerships for agrometeorological advisory dissemination
In the era of the emerging Information Technology (IT) arena in India, many private companies 
have joined hands with IMD to deliver weather-based agricultural information to farmers using 
multiple modes of information communication. As some farmers are willing to pay for the 
information, IMD has formed partnerships with different public and private organizations that 
are already working to disseminate agricultural information to rural villages. Dissemination 
technology employed under these schemes is mainly based on IT and includes Internet and 
mobile phone based communication systems. The most advantageous feature of mobile phone-
EDVHG�V\VWHPV�LV�WKDW�IDUPHUV�FDQ�FRPPXQLFDWH�ZLWK�WKH�ZHE�EDVHG�V\VWHPV�ZKLOH�LQ�WKH�¿HOG�
and thus are able to request advice concerning newly discovered problems. 
i. IMD has so far partnered with Reuter Market Light (RML), Handygo, NOKIA, IFFCO 

Kisan Sanchar Ltd. (IKSL), National Bank for Agriculture and Rural development 
(NABARD), Maharashtra State Agriculture Department (Government of Maharashtra). 
Existing linkages with these organizations are described below.
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ii. Reuter Market Light: IMD and Reuter Market Light (RML) are working together to 
disseminate weather and agro-meteorological crop/livestock advisories in regional 
ODQJXDJHV��7KURXJK�50/��WKH�DGYLVRULHV�DUH�EHLQJ�GLVVHPLQDWHG�WR�¿YH�VWDWHV�QDPHO\�
Maharashtra, Gujarat, West Bengal Punjab and Haryana. RML is interested in creating 
a scalable model that can expand across India and utilize the information developed for 
all the 640 districts of the country. 

iii. Handygo: Handygo is a telecom value added services company based at New Delhi. 
The company is disseminating agrometeorological advisories through an IVR system to 
Punjab, Haryana, Maharashtra, Gujarat and West Bengal. 

iv. NOKIA: Nokia Life Tools Agriculture services provide agrometeorological advisories 
to farmers on a regular basis. IMD in collaboration with NOKIA had started service 
in 10 states: Maharashtra, Andhra Pradesh, Karnataka, Gujarat, Uttar Pradesh, Tamil 
Nadu, Madhya Pradesh, Kerala, Rajasthan, and Punjab. 

v. IFFCO Kisan Sanchar Limited (IKSL): IKSL provides value added services to farmers 
LQ����VWDWHV�WKURXJK�PRELOH�SKRQHV��VHQGLQJ�¿YH�YRLFH�PHVVDJHV�SHU�GD\�WR�IDUPHUV�IUHH�
of cost. The project is underway in Andhra Pradesh, Bihar, Jharkhand, Madhya Pradesh, 
Chhattisgarh, Gujarat, Punjab, Haryana Maharashtra, West Bengal, Himachal Pradesh, 
Karnataka, Orissa, Rajasthan, Tamil Nadu, Uttar Pradesh, Uttarakhand, and Kerala. 

Fig. 3 Coverage of SMS and IVR system in the country.
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vi. National Bank for Agriculture and Rural development (NABARD): Collaboration 
EHWZHHQ�1$%$5'�DQG�,0'�KDV�EHHQ�VWDUWHG�WR�SURYLGH�ORFDWLRQ�VSHFL¿F�ZHDWKHU�
forecasts and AAS information to 50, 000 farmers in Maharashtra through 10 KVKs 
and the Farmers Club of NABARD. Presently, 10 KVKs in Maharashtra are linked with 
the AMFUs for preparing and sending the SMS. 

vii. State Department of Agriculture, Government of Maharashtra: IMD is also sending 
SMS to the farmers in the villages of the state through State Department of Agriculture, 
Government of Maharashtra through the website (www.Mahaagri.gov.in). 

The outcome of the pilot programme has proven to be very positive and as a result to 
at present, 3.4 million farmers across 20 states namely Uttar Pradesh, Punjab, Haryana, 
Rajasthan, Madhya Pradesh, Orissa, West Bengal, Gujarat, Karnataka, Kerala, Tamil Nadu, 
Andhra Pradesh, Bihar, Maharashtra, Himachal Pradesh, Assam, Uttarakhand, Chhattisgarh, 
-KDUNKDQG�DQG�-DPPX�DQG�.DVKPLU�KDYH�EHQH¿WHG�IURP�WKH�XSGDWHV�DQG�WLPHO\�FURS�
advisories. 

AAS awareness programme 
Efforts made by Ministry of Earth Sciences, IMD, ICAR, SAUs, Union/State Departments 
of Agriculture and other collaborating agencies through AAS have demonstrated the role of 
weather forecasting in increasing the overall preparedness of farmers, leading to substantially 
better production outcomes overall. However, more efforts are needed to assist farmers to 
further develop their adaptive capacity with improved planning and better management 
decisions. Hence, a more effective participatory, cross-disciplinary approach to the delivery of 
climate and weather information to farmers is being carried out through enhancing awareness 
of information user groups. The approach involves organizing farmer awareness programmes, 
NQRZQ�DV�µURYLQJ�VHPLQDUV¶��ZKLFK�EULQJ�WRJHWKHU�UHVHDUFK�DQG�GHYHORSPHQW�LQVWLWXWLRQV��
H[SHUWV�LQ�UHOHYDQW�GLVFLSOLQHV��DQG�IDUPHUV�DV�HTXDO�SDUWQHUV�WR�UHDS�WKH�EHQH¿WV�IURP�ZHDWKHU�
and climate knowledge. Given the current concerns with climate change and its impacts on 
crop productivity, there is an urgent need to sensitize farmers about the increased weather 
variability, in their regions, and different adaptation strategies that can be considered to cope 
with the extreme weather situations. Examples of more general decisions that can be aided 
by targeted weather information include strategic and tactical crop management options, 
agricultural commodity marketing etc. 

Such programs help increase the interaction between the local farming communities and the 
Meteorological Centres (MCs), AMFUs and KVKs. A large number of such seminars are 
organized in different agroclimatic zones of the country to sensitize farmers about the weather 
and climate information and its applications in operational farm management. These are 
jointly organized by IMD, ICAR and SAUs, local NGOs and other stakeholders. 

In order to improve the linkage with the AAS system and develop a local (village) level rain 
PHDVXULQJ�QHWZRUN����UDLQ�JDXJHV�DUH�GLVWULEXWHG�WR�D�VHOHFWHG�JURXS�RI�µSURJUHVVLYH¶�IDUPHUV�
during the seminars, who are trained to record and report the rainfall observation to the 
concerned AMFUs. AMFUs in turn communicate the data to IMD. So far such programmes 
have been organized at 104 AMFUs.

An Agromet Brochure highlighting the activities of AAS was prepared in 14 regional 
ODQJXDJHV�IRU�WKH�EHQH¿W�RI�WKH�,QGLDQ�IDUPHUV��)RU�JHQHUDO�DZDUHQHVV�DQG�HDVLHU�DFFHVV�WR�
the services of IMD, the brochure is being circulated to concerned organizations/institutes 
including the Ministry of Agriculture (Central and State), ICAR, SAUs, Regional Research 
Institutes, KVKs, Department of Space, NGOs and all other organizations directly and 
indirectly related to the agricultural services in the country. 

http://www.Mahaagri.gov.in
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In addition, farmers are being made aware of the service through participation in NLVDQ�PHODV 
�IDUPHU�IDLUV���¿HOG�YLVLWV��¿HOG�GHPRQVWUDWLRQV��IDUPHU�¿HOG�GD\V��DQG�IDUPHU�¿HOG�VFKRROV��
During these programmes farmers are provided with information on various services in local 
languages and taught to record weather observations using various weather instruments. 
Discussions include the importance of the service and farmers’ existing skills and gaps, and 
allow for familiarization of the agrometeorologist with the problems faced by the farming 
community and their expectations from the service providers. 

Feedback mechanism on AAS
Regular feedback from farmers, State Agricultural Departments, SAUs, ICAR and other 
related institutes is being collected and processed for further improvement of services. 
Feedback information are also been collected from regional and national broadcasting stations 
of Door Darshan (Government of India television service), All India Radio, and FM channels, 
KVKs, ATMA, Central Seed Committees, NGOs, and Village Resource/Knowledge Centres. 

Capacity building in agricultural meteorology
Training is one of the key elements for constant improvement in the service; thus it forms 
an integral part of an agrometeorological service. Periodic training programs for forecasters, 
scientists, agrometeorologists, extension workers, media and farmers at appropriate levels 
sharpen their skills and improve the service delivery. Improvement in skill of all involved in 
the programme for understanding the weather processes and their impact on crops/animals 
should form an integral part of Human Resource Development process. Regular updating of 
knowledge on crop/pest disease simulation, GIS, use and interpretation of remote sensing data 
for agrometeorological purposes etc. are important areas for training the staff working for 
an agrometeorological service. Development of techniques for combining extended/seasonal 
forecast and crop models in agriculture risk management is required. Different training 
programmes organised periodically at IMD are as follows:
1. Foreign trainees courses
2. Agromet core course
3. Summer placement course
4. Agromet observer course
5. Meteorologist grade II training course
6. Refresher course
7. Basic agromet course
8. On the job training
9. Operational agrometeorology 
10. AMFU scientists’ course on livestock and animal health.

Impact of AAS on climate risk management
Impact assessment of the weather forecast based agro-advisory service was carried out by 
NCMRWF at 15 AAS units representing different agroclimatic zones. The report assesses 
the impact of the use of weather-based agro-advisories on production of cereals, millets, 
pulses, oilseeds, fruits, vegetables and cash crops selected for the study. The study period 
was spread over three years comprising of 3 kharif and 3 rabi seasons. The National Centre 
for Agriculture Economics and Policy Research (NCAP) was engaged as a consultant for 
the project, and helped to formulate the study plan, including devising sampling methods, 
preparation of questionnaire, monitoring its implementation and data analysis. 

,Q�JHQHUDO�LW�LV�GLI¿FXOW�WR�DVVHVV�WKH�HFRQRPLF�EHQH¿W�RI�DQ\�DGYLVRU\�VHUYLFH��$�JHQHUDO�
VLPXODWLRQ�PRGHO�IRU�WKH�HYDOXDWLRQ�RI�WKH�HFRQRPLF�EHQH¿WV�RI�PHWHRURORJLFDO�DVVLVWDQFH�WR�
DJULFXOWXUH�GRHV�QRW�H[LVW��KRZHYHU��HYLGHQW�HIIHFWLYH�EHQH¿W��SUREDEOH�HIIHFWLYH�EHQH¿W��DQG�
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WKHRUHWLFDOO\�PD[LPXP�SRVVLEOH�EHQH¿W�FDQ�EH�GH¿QHG��When user-focused weather based 
advisories are made available and used by farmers, losses resulting from adverse weather and 
climatic conditions are minimized, thereby improving the yield and quality of agricultural 
products. Also, the favorable weather is harnessed to its potential. The requirements that 
must be met if farmers are to manage the risks posed by weather and climate include: access 
to early warning and forecast conditions, awareness that weather and climate variability 
will impact on farm operations, and ability to apply the agrometeorological information in 
decision making. Farmers may have more than one option for managing the risks they face, 
and most use a combination of strategies and tools. Some strategies deal with only one kind of 
risk, while others address multiple risks. This complicated the task of assessing the economic 
value of agrometeorological information. Agricultural impacts of weather include changes 
H[SHULHQFHG�E\�IDUPHUV�WKDW�KDYH�PHDQLQJ�RU�YDOXH�WKDW�LV�SRVLWLYH��D�EHQH¿FLDO�HIIHFW��RU�
negative (an undesired effect), helping them to decide selections of crop/variety, sowing/
harvesting time, irrigation management, fertilizer management, pest/disease management and 
other intercultural operations. This formed the backbone of the economic impact study carried 
out by NCMRWF in collaboration with the AAS units.

The study was conducted with the following primary objectives:
�� to encourage adoption of the forecasts by the user community, helping understanding 

of the linkages between information, users and impacts;
�� WR�DVVHVV�WKH�HIIHFWLYHQHVV�DQG�SRWHQWLDO�EHQH¿WV�RI�DJUR�DGYLVRU\�VHUYLFHV�E\�WDNLQJ�

into account the AAS contact and non-contact farmers;
�� to work out weather-based farming strategies based on the economic impact of AAS;
�� to assess the needs of the farming community for increasing farm production;
�� to assess the economic impact of the AAS services in various crops under different 

agroclimatic conditions.

The concept of the study is based on the assessment of the ability of forecast-based advisories 
WR�LQÀXHQFH�IDUPHUV¶�GHFLVLRQV�RQ�YDULRXV�IDUP�PDQDJHPHQW�RSHUDWLRQV��¿QG�RXW�HFRQRPLF�
DQG�RWKHU�EHQH¿WV�UHVXOWLQJ�IURP�XVH�RI�DGYLVRULHV�LQ�IDUP�PDQDJHPHQW�GHFLVLRQV��DQG�
assess impacts of advisories on overall crop yields. The economic assessment found that 
WKHUH�LV���±���SHUFHQW�HFRQRPLF�EHQH¿W�REWDLQHG�E\�WKH�IDUPHUV�GXH�WR�WKH�DGRSWLRQ�RI�
agrometeorological advisory services (Rathore & Maini 2008).

The agrometeorological advisory services provided by IMD through various channels have 
UHVXOWHG�LQ�VLJQL¿FDQW�LQFUHDVHV�LQ�IDUP�SURGXFWLYLW\��UHVXOWLQJ�LQ�LQFUHDVHG�DYDLODELOLW\�RI� 
food and higher income generation. At present only 10 to 15 percent of the farmers are 
EHQH¿WWLQJ�IURP�WKH�606�VHUYLFHV�DQG�DERXW����SHUFHQW�RI�IDUPHUV�DUH�DZDUH�RI�$$6��7KH�
HFRQRPLF�EHQH¿W�RI�WKHVH�VHUYLFHV�LV�HVWLPDWHG�E\�1DWLRQDO�&RXQFLO�RI�$SSOLHG�(FRQRPLF�
Research (NCAER) at rupees 50,000 crores per year is extrapolated to rise to rupees 211,000 
crores, if the entire farming community in the country were to apply agrometeorological 
LQIRUPDWLRQ�IRU�WKHLU�DJULFXOWXUDO�DFWLYLW\��7KXV�WKHUH�LV�VLJQL¿FDQW�RSSRUWXQLW\�IRU�H[SDQGLQJ�
the impact of AAS. 

All India Coordinated Research Project on Agro-meteorology  
(AICRPAM) 

With an aim to bring stability in food grain production in the face of varying weather 
conditions, the Government of India recognized the research needs in agrometeorology and 
started strengthening these at its various research institutes functioning under ICAR. The 
National Commission on Agriculture (NCA) (1976) strongly recommended for establishment 
of Departments of Agricultural Meteorology at each SAU for strengthening teaching and 
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research in Agricultural Meteorology. The inception of the All India Coordinated Research 
Project on Agro-meteorology (AICRPAM) in 1983 at the Central Research Institute for Dry-
land Agriculture (CRIDA), Hyderabad was the culmination of the prompt response of ICAR 
to the recommendations of NCA for strengthening agrometeorological research.

AICRPAM was launched in 1983, by setting a Coordinating Centre at CRIDA and 
10 Cooperating Centres at different SAUs across the country. Initially the project came into 
operation at six centres: Anand, Anantapur, Bangalore, Hisar and Ludhiana, which were 
already engaged in teaching and research in the discipline of Agricultural Meteorology. The 
network was further widened in 1985 by inclusion of four more centres: Solapur, Jabalpur, 
Mohanpur and Ranchi. During the VII Plan period, i.e., two more centres, one at Kovilpatti 
in Tamil Nadu and another at Ranichauri in hilly region of Uttarakhand, were added to the 
network. In 1990, Varanasi centre was closed and in its place, Faizabad (Uttar Pradesh) 
was included as Cooperating Centre of the project. In 1988 through USAID funding on 
,QGR�86�VXE�SURMHFW�HQWLWOHG�µ6WUHQJWKHQLQJ�$JUR�PHWHRURORJLFDO�5HVHDUFK�WR�(QKDQFH�
Food Production’ the project was augmented to equip the Cooperating Centres with modern 
agrometeorological instruments and also provided specialized training to project scientists in 
86$�IRU�VL[�PRQWKV�RQ�LGHQWL¿HG�SULRULW\�DUHDV�RI�DJURPHWHRURORJLFDO�UHVHDUFK��&RQVLGHULQJ�
the good progress made by AICRPAM, the ICAR sanctioned 13 additional centres during the 
VIII Plan period and these centres came into operation in 1995–96. In 1998, the AICRPAM 
SURMHFW�HVWDEOLVKHG�DQ�$JUR�PHW�'DWDEDQN�ZLWK�WKH�¿QDQFLDO�VXSSRUW�IURP�WKH�'HSDUWPHQW�
of Science and Technology to cater to the needs of agrometeorological data requirement of 
ICAR Institutes, SAUs and its scientists. It is being maintained by CRIDA and continues to 
serve its purpose. During 2001 to 2005, the sanction of 5 external funded research projects 
of high budget allocation under National Agricultural Technology Program (NATP) of 
ICAR, further strengthened AICRPAM in terms of infrastructure and human resource 
development, especially at the Coordinating Unit. For strengthening of research capabilities 
of agrometeorologists, about 22 training programmes on agrometeorological analysis were 
also conducted over the period.

Presently the project is operating with its Coordinating Unit at CRIDA, Hyderabad and 
has Cooperating Centres in 25 SAUs spread across all the agroclimatic regions of country 
�)LJXUH�����7KLV�LV�WKH�¿UVW�DQG�RQO\�QHWZRUN�SURMHFW�RQ�DJURPHWHRURORJLFDO�UHVHDUFK�LQ�,QGLD��
7KH�SURMHFW�PDLQWDLQV�LWV�XQLTXHQHVV�DPRQJ�RWKHU�QHWZRUN�SURMHFWV�E\�QRW�EHLQJ�FRQ¿QHG�WR�
a single commodity or crop and a particular ecosystem or climatic condition. The research 
domain of the project cuts across all the four agro-ecosystems: rainfed, irrigated, hill and 
mountain and coastal island. Unlike other network projects on agrometeorology elsewhere in 
the world, which are mostly focused on data collection and operational research, AICRPAM 
is engaged in both basic and operational research in the discipline of agrometeorology. Each 
centre conducts agro-meteorological research on one or two main crops of its region in 
addition to analysing long-term weather data for agroclimatic characterization and climate 
change studies. All the centres support AAS with research results obtained over the years. 

The broad R&D domain of AICRPAM is: 
�� to study the agricultural climate in relation to crop planning and assessment of crop 

production potential in different agroclimatic regions;
�� to establish crop-weather relationships for all the major rainfed and irrigated crops in 

different agroclimatic regions;
�� WR�HYDOXDWH�WKH�GLIIHUHQW�WHFKQLTXHV�RI�PRGL¿FDWLRQ�RI�FURS�PLFUR�FOLPDWHV�IRU�

LPSURYLQJ�WKH�ZDWHU�XVH�HI¿FLHQF\�DQG�SURGXFWLYLW\�RI�WKH�FURSV�
�� WR�VWXG\�WKH�LQÀXHQFH�RI�ZHDWKHU�RQ�WKH�LQFLGHQFH�DQG�VSUHDG�RI�SHVWV�DQG�GLVHDVHV�RI�

¿HOG�FURSV�
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�� to provide weather-based agro-advisories using medium range weather forecast and 
ICT;

�� to collect and update weather data in the Agromet Databank at CRIDA.

Thematic research areas to achieve the objectives include: agroclimatic characterization, 
crop–weather relationships, crop–weather modelling, effect of weather on pests and diseases, 
and support to AAS.

6LJQLÀFDQW�DFKLHYHPHQWV�RI�$,&53$0
Over the past two and half decades, network centres of AICRPAM have generated data on 
growth, development and yield of crops that were assigned to each centre, besides collecting 
historical weather data for their respective regions. Each centre also collected historical 
crop yield data and the corresponding weather data in different districts of their respective 
agroclimatic regions/states. Data on disease and pest incidence of the main crop(s) of each 
centre were analysed in relation to weather conditions. Validations of crop simulation models 
were undertaken at some centres. AICRPAM was also associated with the National Project 
on Climate Change (NPCC), which focused on the impacts of climate change on crops, 
OLYHVWRFN�DQG�¿VKHULHV�EHVLGHV�ELRGLYHUVLW\�LPSDFWV��&XUUHQWO\�WKH�$,&53$0�SURMHFW�LV�
DOVR�OLQNHG�WR�WKH�,&$5�VSRQVRUHG�0HJD�1DWLRQDO�3URMHFW�µ1DWLRQDO�,QLWLDWLYH�RQ�&OLPDWH�
Resilient Agriculture’ (NICRA) launched during 2010–11 with CRIDA as the nodal agency, 
where it is contributing to two of the major research themes on i) vulnerability assessment of 
major production systems to climate change and ii) linking weather-based agro-advisories to 
contingency planning. 

Figure 4: Network of AICRPAM centres.
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Future Plan:
$OWKRXJK�$$6�LV�EHLQJ�SURYLGHG�HI¿FLHQWO\�DW�WKH�GLVWULFW�OHYHO��WKHUH�LV�D�QHHG�WR�VWUHQJWKHQ�
REVHUYDWLRQV��VHDPOHVV�ZHDWKHU�IRUHFDVWLQJ��KXPDQ�UHVRXUFHV��UHDO�WLPH�LQIRUPDWLRQ�ÀRZ��
R&D, dissemination, and other areas. There is need to develop methodologies for remote 
sensing and conventional data merging. Concerted efforts are needed for ground-based data 
collection, satellite data collection, GIS software applications, operational applications of 
meteorological satellite data, weather radar and the monitoring of the cropping season by 
meteorological and remote sensing data to equip AAS units to generate better advisories. 
Though district level medium range weather forecasts are being prepared for AAS, there is 
an urgent need to develop and issue high resolution accurate weather forecasts at the block 
level to help tailor crop planning advisories for farmers at village level. Thus there is a need to 
scale up the service from the district to the block level with dissemination at the village level 
across the country to meet end user needs. Based on this idea, the new concept of establishing 
the Gramin Krishi Mausam Sewa (GKMS) scheme under AAS in the country during the XIIth 
Five Year Plan was developed.

The main objectives of the proposed project would be: 
1. enhance the existing district-level AAS operating under MoES/IMD throughout the 

execution of the XIIth Five Year Plan, with the goal of delivering crop and location-
VSHFL¿F�DJURPHWHRURORJLFDO�DGYLVRULHV�WR�IDUPHUV�DW�WKH�EORFN�OHYHO�ZLWK�YLOODJH�OHYHO�
advisories;

2. establish district-level Agromet Units that would be multi-purpose centres for catering to 
needs of agriculture as well as other sectors of the economy;

3. communicate weather-based agrometeorological advisories online to the farmers at the 
block/taluka/village level; 

4. establish an agrometeorological data centre that will store weather, crop and soil 
data etc. collected and generated across various centres and agrometeorological 
observatories in India, and make available in a relational database the basic and derived 
agrometeorological parameters and crop information to users through the IMD website 
after scrutiny and quality checking;

5. create a Centre for Research and Excellence in Agro-meteorology that will work to 
channelize R&D products and tools for their applications in AGROMET sectors in areas. 
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