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Abstract 
 

The concept of sustainable agriculture encompasses ecological, economic and 
social problems in which weather and climate can be of great importance. Despite 
considerable technological advancement and improved irrigation facilities, Indian 
farmers are still dependent on seasonal rains, which are highly variable both in time and 
space. Inclement weather events like droughts, floods, cold and heat waves, hails, squalls, 
tropical storms severely affect the agricultural production. Their harmful effects may be 
partially reduced if the occurrence of these events is predicted in advance and farmers are 
suitably advised to take preventive/corrective measures. With the objective to help the 
farmers maximize profits by decreasing weather related losses, increasing the timeliness 
of farm operations and to reduce environmental pollution through the optimal use of 
agricultural chemicals, the location specific/regional Agrometeorological Advisory 
Service was initiated in the year 1991. The forecasting skills of most of the weather 
parameters at Hisar have improved considerably over the years. Now, it is time to 
integrate and make use of vast agrometeorological information available online in 
preparing weather based advisories for in-season agricultural operations both for single 
locations and on a meso or regional scale as desired. This can be further strengthened 
through input from new technologies such as neural network, remote sensing, GIS, 
ground measurements and modeling applications along with traditional wisdom available 
with the farming communities should be integrated to further strengthen the location 
specific weather forecasting system for the development of sustainable and more efficient 
crop production systems in relation to local crops and human resources.  
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1. INTRODUCTION 

In a world of rising population growth, diminishing arable land (especially in 

developing countries), declining non-renewable energy supplies and increasing 

awareness of potential environmental degradation, there is a great need for sustainable 

management in the agricultural sector of the world’s economies. Accurate and timely 

forecast of rainfall patterns and other weather variables continue to be a major challenge 

and preoccupation for the scientific community to sustain the agricultural development. 

Temporal and spatial changes in weather conditions still make a significant impact on 

Indian agriculture in spite of the best possible efforts of research and development system 

and developmental agencies to minimize it (Anonymous, 2003).  

Besides, catastrophic events like droughts, floods and cyclones, short and medium 

range changes in important weather parameters like rainfall, temperature, wind, cloud 

cover, humidity, etc. affect crop yields by influencing the farmer’s decision about 

selection of cultivar, use of inputs, crop management practices, etc. The emerging ability 

to provide timely, skillful weather forecasts offers the potential to reduce human 

vulnerability to agricultural impacts of weather vagaries (Hansen, 2002).  

Information on ensuing weather 3-10 days in advance is vital to ensure optimum 

effectiveness of various modern farming practices. The National Centre for Medium 

Range Weather Forecasting (NCMRWF) was established with the main objective to 

provide medium range weather forecast based agro advisory service to the farmers of 

various agroclimatic zones in the country through Agrometeorological Advisory Services 

(AAS). The major objective of AAS is to help the farmers in capitalizing benevolent 

weather conditions in order to optimize the resource use and to minimize the loss due to 

harsh/aberrant weather conditions (Rathore et al, 2003). Initially, NCMRWF started five 

AAS units in 1991 and one such unit is in operation at Hisar in collaboration with the 

Department of Agricultural Meteorology, CCS Haryana Agricultural University 

representing semi-arid regions of North-west India. The utilization of agrometeorological 

information and making the regional weather forecasting system more reliable and 

acceptable among the end users for making farm level decisions are discussed in this 

paper. 
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2. STUDY AREA 

The Hisar, representing the western agroclimatic zone of Haryana, India (Fig.1) is 

situated in sub-tropics (Latitude 29010’ N, Longitude 75046’E, Altitude 215.2 m amsl). 

The zone is land locked from all sides. The zone has a semi-arid climate and is generally 

very hot in summers and remarkably cold in winters. High temperatures of 45°C 

magnitude are recorded during the month of May in most parts of the region, whereas, in 

winters the temperature goes down to –2 to –3°C for a few days. Most of the rainfall (75 

to 80%) is received in the SW monsoon season from June to September. Rainfall ranges 

from ~ 300-400 mm and the zone can be classified as moisture deficit.  

 

3. METHODOLOGY ADOPTED 

For the purpose of preparing location specific weather forecast for 

Agrometeorological Advisory Units (Hisar representing one of 127 NARP agroclimatic 

zones), there are number of global, regional and meso-scale forecast models run 

operationally at super computing facilities created at NCMRWF at present (Singh et al., 

1999). The Super Computer CRAY X/MP-14 system installed in 1988 was upgraded to 

X/MP-216 in 1992 and since being used for preparation of weather forecast. A further up 

grading in supercomputing facilities was done with the installation of two 4-processor 

ORIGIN200 system and a two node (8 processor) PARAM10000 in 1999. Different 

global circulation models (T-80L 18, T-170L 28, WAVEWATCH III); regional spectral 

models and meso-scale forecast models (MM5 and Eta) are being run for location 

specific weather prediction.  

The weather forecast on the following parameters is prepared from 

aforementioned models for a location:  

i) average cloud amount (okta) 

ii) accumulated rainfall (mm) 

iii) average wind speed (km/hr) 

iv) predominant wind direction (degrees) 

v) maximum temperature trend (0C) and 

vi) minimum temperature trend (0C)   
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          Fig 1. Map depicting study area 
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4. AGROMETEOROLOGICAL INFORMATION SYSTEM 

The main objective of the Agrometeorological Information System or Advisory 

Service (AAS) is to help farmers maximize profits by decreasing weather related losses 

and increasing the timeliness of farm operations. An added message is to help reduce 

environmental pollution through the optimal use of agricultural chemicals.  

4.1. Advisory Bulletins 

An ideal AAS bulletin should contain farm management information and be 

available to farmers in real-time. Inputs required for the preparation of an 

Agrometeorological Advisory Bulletin are: i)  weather information which includes 

weather summary of the preceding week or since last bulletin including salient weather 

features like heavy rain, cyclone, depressions, freezing temperatures etc., climatic 

normals for the week, weather forecast and crop moisture index, drought severity index 

etc. of the past week; ii) crop information which includes type, state and phonological 

stage of crops, information on pests and diseases and information on crop stresses. 

Advisory content shall vary with location, season, weather, crop condition and local 

management practices and may include crop-wise farm management information tailored 

to weather sensitive agricultural practices like sowing, irrigation scheduling, pest and 

disease control operations, fertilizer application etc. It should also contain special 

warnings for taking appropriate measures for saving crop from malevolent weather, if 

any. Information on crop planning, variety selection, selection of proper 

sowing/harvesting time etc. may also be provided. Also provide location/region specific 

package and practices for different crop suitable for the agroclimatic zone etc. 

i) spraying conditions for insect, weed or disease problems 

ii) problems related to animal health and their products 

iii) wild fire related forecast in wild fire prone areas and 

iv) livestock management information for housing, health and nutrition etc. 

Wherever possible, output from crop and pest disease models may be used to 

increase the timeliness of spraying operations, irrigation applications, fertilizer 

applications etc. These advisory bulletins are disseminated to the farmers through 

electronic and print media in vernacular language.  
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5. VERIFICATION AND ANALYSIS OF PREDICTED EVENTS  
 To ensure consistency and reliability across forecasts verification of these 

predicted weather variables is being done applying different statistical tools. All the 

predicted events data (2003-04) have been divided in to four seasons viz., Summer, SW 

Monsoon, Post Monsoon and Winter season for analysis and verification purposes. 

Qualitative and quantitative verification analysis has been carried out using various skill 

scores, critical values used for error structure, correlation coefficient and RMSE tests 

(Singh et al. 1999). Forecasts were compared daily from actual weather records for 

respective days from Agricultural Meteorological Observatory at Hisar.  

5.1.1. Rainfall Forecast verification 

  Periodic qualitative analysis of rainfall forecast (Table 1) using various skill scores 

have been done on a 2x2 contingency table.  

 

Table 1: Periodic qualitative verification of rainfall events 

Type of skill score     Summer     SW Monsoon     Post Monsoon     Winter    Weekly 

-----------------------------------------------------------------------------------------------------------------

Ratio score/Hit score     0.93               0.79                   0.96                    0.91          0.90 

Threat score                   0.59               0.41                    0.0                     0.46          0.64 

Heidke Skill Score         0.66               0.38                    0.0                     0.54          0.71 

HK Score                        0.61               0.32                    0.0                     0.50          0.67    

 

  The value of Ratio Score was highest in post monsoon when compared to other 

seasons. The ratio score value was 0.93 in Summer and 0.91 in the Winter season. It depicts 

the high rate of accuracy of predicted events on a daily basis throughout the year except in 

SW monsoon season where it was 0.79. The Threat Score technique (TS) which measures 

relative forecasting accuracy (e.g. rain or no rain) varies from 0 to 1 and is defined as the 

ratio of the number of hits (correct events) to the number of events which occurred plus the 

number of false alarms and consider happening of rainfall events (YY) only. The highest 

value (0.59) was in the Summer season. In Heidke skill score, the highest value (0.66) was 

also recorded in the Summer season and lowest (0.38) in the SW Monsoon season. The HK 

skill score value was higher (0.61) in Summer and lowest (0.32) in the SW Monsoon 
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season. The TS, Heidke and HK skill score value was nil in Post Monsoon because of no 

rainy event was reported. However, the analysis of cumulative rainfall on a weekly basis 

depicted further improvement in predicted events. The skill scores ranged from 0.64 to 0.90 

when cumulative rainfall analysis was done on a weekly basis. 

5.1.2. Verification of forecast of other weather variables 
  Season-wise results of forecast verification of cloud cover, temperature (maximum and 

minimum), wind speed have been depicted in Table 2. 

 

Table 2. Season-wise weather variables verification 

Seasons 

Variables 

    Summer 

CC         RMSE

  SW Monsoon 

CC         RMSE 

  Post Monsoon 

CC          RMSE 

       Winter 

CC         RMSE 

Cloud Cover 0.71 1.41 0.74 1.58 0.77 1.48 0.80 1.63 

Rainfall 0.88 2.53 0.91 3.22 0.82 2.83 0.84 2.02 

Wind Speed 0.71 3.01 0.72 2.97 0.72 4.01 0.77 2.99 

Wind Directio 0.65 11.16 0.68 14.31 0.69 15.36 0.73 14.38 

Max Temp 0.93 1.92 0.79 2.59 0.85 2.75 0.88 2.48 

Min Temp 0.84 3.66 0.83 3.89 0.79 3.62 0.89 2.12 

Values are significant at 5%,  CC:  Correlation Coefficient, RMSE:  Root Mean Square Error  

 

  The correlation between observed and predicted values was derived and it was 

observed that R2 values were significant in most of the weather variables except in 

prediction of wind direction where more precision is required in prediction of event, 

however, prediction accuracy improved considerably over the year for this parameter. The 

highest value of R2 (0.80) of cloud cover in winter, (0.91) of rainfall in SW monsoon, (0.77) 

of wind speed, (0.73) of wind direction and (0.89) of minimum temperature in winter season 

was recorded. In case of maximum temperature correlation coefficient was highest (0.93) 

during the summer season. In the case of wind direction, the RMSE values (11.16 to 15.36) 

were relatively higher when compared to other variables indicating less homogeneity among 

predicted and observed events. Thus, more fine-tuning is required for wind direction 

prediction.   
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  Fig. 2 depicts the daily rainfall events (predicted and observed) during the monsoon 

season. It is evident in the figure that the model performance has improved considerably 

over the years except in the case of extreme rainfall events where the model’s upper limit of 

rainfall prediction was restricted to 15 mm. 

 
The predicted and observed values of maximum and minimum temperature during 

summer and winter seasons, respectively (Figures 3 & 4) were in close agreement, 

thereby, indicating the model’s prediction ability within an acceptable limit.  
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The forecasting skills of most of the weather parameters at Hisar have improved 

considerably over the years as is evident from the illustrations/results discussed and also 

reported earlier (Singh et al. 2004).  

 

6. STRENGTHENING OF WEATHER INFORMATION SYSTEM 
New technologies such as neural network, remote sensing, GIS, ground 

measurements and modeling applications  along with  traditional wisdom available with 

the farming communities should be integrated to further strengthen the location specific 

weather forecasting system for the development of sustainable and more efficient crop 

production systems in relation to local crops and human resources.  

6.1. Neural Network (NN)  

One of the alternate forecasting techniques is neural networks. Further, to update 

generalized NN, termed cognitive network (CN) was designed and evaluated (Goswami 

and Srividya, 1996) for forecasting all India summer monsoon rainfall. The principle and 

the design of cognitive network using a 3 layer (input layer, hidden layer, output layer) 

CN configuration should be explored along with its capabilities and the scope of 

applicability of CN as a forecast tool. 
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6.2. Remote sensing in meteorological applications 

One of the most exciting developments of modern times has been the advent of 

the satellite: satellite for weather forecasting, for studying earth, for communication and 

for investigating the space. Studying of clouds, which at any moment cover around 50 

percent of Earth’s surface, also assumes considerable importance for such studies. 

Quantitative monitoring of wind and sea current movements, sea, ice, etc. becomes 

possible. Weather reports must contains supporting imagery showing regional 

meteorology ranging from local areas to the entire continent as an aiding tool to 

improvise the weather forecast system (Fig. 5) where predominant weather systems viz., 

W (western disturbance), F (Fog) and C (cyclone) are well marked over India. 

 
Fig. 5. Satellite imagery showing various weather systems over India 

 
6.3. Indigenous Traditional Knowledge 

Blending the results of informal experimentation with age old experience gained 

by farmers has resulted in adoption of many practices that are commonly known as 
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indigenous traditional/technical knowledge (ITK). The farmers have earned knowledge 

through the experience of generations for prediction of weather (Singh and Dwivedi, 

2003). The correct prediction of the nature of the present or coming years is considered as 

traditional skill. The correct predictions depend upon the correct interpretation of 

indicators. Basically, interpretation requires expert knowledge of the position and 

movement of planets and stars and environmental phenomena comprising changes in 

vegetation, changes in animal/insect behavior etc. for predicting nature of the year. The 

indicators would baffle scientific reasoning.  These could range from fireflies, appearing 

in the night forest, sparrows bathing in the dust and ants carrying pupae to goats creating 

a din and refusing food to the flowering of neem and babul trees- all suggesting 

impending rains. The khair trees (Acacia catechu) had become extra bushy and wild 

cucumbers sprouted everywhere, thus suggesting that worse was in store in the form of 

drought. There is another invaluable resource to draw upon-farmers’ panchangs or 

almanacs, which have been in use since the 4th century BC.  

 

7. CONCLUSIONS 

The application of agrometeorological information to agriculture is gaining 

importance day by day, since every facet of agricultural activity depends on the weather. 

The farmer should be aware of the usefulness of weather forecasts in improving the 

efficiency of his farm management in protecting and ensuring the continuing health of his 

crops and livestock, in increasing the yield and in solving some operational problems. It 

is now time to integrate and make it a habit to utilize all such vast information, available 

also online, in preparing weather based advisories for in-season agricultural operations 

both for single locations and on a meso or regional scale as desired (Sastry, 2003). To 

achieve these objectives, inputs from new technologies such as remote sensing, GIS, 

ground measurements and modeling applications in generating combined agroclimatic 

maps could contribute to the development of sustainable and more efficient crop 

production systems in relation to local crops and human resources. Thus, the active 

cooperation between all related scientific agencies, agricultural organizations and farming 

community is needed to achieve sustainable agricultural development. 
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