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Abstract
Speaking of recent advances, many computing technologies have 
been applied to several domains and have proved to provide more 
approximate and acceptable results. Fuzzy logic being one of them has 
been very useful in solving many real-world problems that are inherent 
for their uncertainty, complexity, impreciseness and a high degree of 
randomness. Soft computing aims to mimic human thinking and thus 
solve problems as a human does. The systems embedded with one 
or more soft computing technologies tend to make decisions quicker 
(reducing the processing timeframe) and more accurate in the light of 
uncertain and indefinite data. This paper aims at an extensive review 
of fuzzy logic also unraveling some of the applications of the same in 
the field of agricultural science and meteorology.
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Introduction
Artificial Intelligence, Augmented Reality, Virtual 
Reality, Soft computing have become one of the 
top buzzwords of the decade and we can’t deny the 
future being chiseled by these technologies. Human 
reasoning is unimaginable and unmatched to date. 
We, humans tend to make decisions ac-cording to 
the situation and do not follow any rules for doing so. 
Human reasoning is approximate and is capable of 
making decisions in the light of uncertain situations 
and imprecise data. For ex-ample, when we cross 
a road, we do not use the speed, distance, time 
formula and then decide to cross the road. We just 

cross the road if we think the car is coming slow. This 
ability to think like a human is being incorporated into 
machines. Soft computing as a whole is defined as 
an approach to building computationally intelligent 
systems that can mimic human thinking and can 
adapt and learn to a changing environment at a 
lower cost. It encompasses several methodologies 
for doing so. It includes fuzzy logic, neural networks, 
and genetic algorithms, etc.,. When they are used in 
com-bination it is called a hybrid system and hybrid 
systems have more Machine Intelligent Quotient 
(MIQ) than any methodology used alone. Fuzzy logic 
was first introduced by Lotfi A Zadeh at the University 
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of California, Berkely. Though there are a lot of 
papers citing that Fuzzy logic was in-troduced in 
1965, history is a little different. In 1964, Lotfi A Zadeh 
came up with the idea of fuzzy sets as an extension 
of the traditional Boolean / crisp sets. His paper was 
published in 1965. Later in his 1974 paper, ‘Fuzzy 
logic and Approximation.’ the term fuzzy logic was 
used first used by Lotfi A Zadeh. The concept was 
developed as a means to deal with uncertainty, 
impreciseness, and the vagueness associated with 
real-world problems. In the crisp sets, an object can 
belong to or not belong to a set. However, in the 
fuzzy set, an object can belong to a set to a certain 
degree. This degree of membership allows an object 
to belong to two sets at the same time.

This paper deals with an extensive review of the use 
of Fuzzy Logic in agricultural sciences with special 
reference to meteorology. 

Methodology 
Databases like ProQuest, Science Direct, Elsevier 
have been used. Search results for fuzzy logic 
(AND) agriculture, fuzzy logic (AND) meteorology 
has yielded results of 2,065 and 720 respective-ly 
in the ProQuest database. Around 25 papers from 
1995 to 2020 have been used for the review.

Agricultural Science
Agriculture extensively deals with the natural data 
known for their uncertainty and vagueness. Fuzzy 
logic has been applied in the agricultural and 
biological systems to get more accurate and reliable 
results. The application domains include a wide 
array from agro-engineering applications to clinical 
diagnosis. Some of the literature citing applications 
in agriculture are given below:

Mariman and Mushthofa (2013) have summarized 
the uses of fuzzy logic and fuzzy inference sys-
tems in the areas of agricultural engineering and 
technology. They have reviewed studies relating 
to fuzzy logic applications for finding suitable land, 
predicting weather conditions, managing pests and 
weeds, and product quality management. Fuzzy 
logic combined with computer vision tech-niques 
prove to be an added advantage.

Roseline et al., (2015) have reviewed some of the 
applications of fuzzy logic combined with an ex-
pert system used in the field of agriculture. Disease 

management, pest management, weed manage-
ment, soil studies, expert systems for various 
crops were some of the areas that were reviewed. 
The paper emphasized the growing use of expert 
systems and other technologies in agriculture 
and elu-cidated the modern methods that can be 
combined with the traditional methods thereby 
benefiting the farmers as a whole.

Luydmila et al., (2017) have applied fuzzy set theory 
for yield estimation by using agro-meteorological 
models. The approach was proved to be a tool for 
ranking farming territories ac-cording to their weather 
conditions and viability to grow crops. 

Pandey et al., (2018) have acknowledged and 
developed a model for agriculture disease diagnosis 
and forecasting support system.

Vema et al., (2019) have used Fuzzy Inference 
Systems for evaluating suitable sites to establish wa-
ter harvesting structures.They applied the developed 
model to Kondepi watershed in Andhra Pra-desh.

Fuzzy Logic in Meteorology
Soft computing techniques have opened many 
opportunities to deal with the complexity and 
ambi-guity that comes with meteorology. A word 
cloud (Fig.1) that was generated based the articles 
col-lected for review revealed the following. This 
word cloud shows that fuzzy logic is widely applied 
for weather prediction and forecasting studies in 
meteorology.

Fig. 1: Word cloud on the reviews collected

Numerical weather forecasting has its genesis in 
1922 when Lewis Fry Richardson made an ele-
mental approach to forecast weather conditions 
using his hand calculator. The initial forecast was 
six hour long. After the world wars, in 1950 when 
the computer and information technology began 
to flourish, Jule Charney and his group made the 
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first successful numerical weather prediction using 
ENIAC (first computer) at Princeton. Since then, 
many developments have been made from statis-
tical models to soft computing models. These soft 
computing and hybrid climate models will allow for 
real time data collection and prediction with improved 
accuracy, less ambiguity, and the ability to deal with 
vague and noisy environment. 

Rainfall Prediction
Fuzzy Logic helps in accurate prediction of rainfall 
conditions precisely in terms of wind speed and 
temperature variables. Short-term load forecasting 
has also proved to be explicit with rainfall pre-dictions 
using fuzzy logic systems (Singla et al. 2019). 
Accurate or near -accurate rain prediction admits for 
formulating better strategies for managing excess 
water, predicting drought and flood conditions in 
the future. It has been proved that Fuzzy artificial 
neural networks (Fuzzy ANN) gives a more reliable 
prediction on rainfall than the traditional artificial 
neural networks(ANN) (Lu et al., 2014). Based on 
their study, a new model was proposed for error-free 
weather predictions called,  Neuro Fuzzy Inference 
Systems - Weather prediction Model or NFIS - WPM. 
Fuzzy logic can be used to develop a model to predict 
rainfall using the temperature of that location (Jimoh 
et al. 2013). Models that are built on fuzzy logic and 
fuzzy inference systems have proved to be more 
au-thentic and definitive (Jantakoon, 2016). The 
author has evaluated the validity of fuzzy model with 
two types of error namely, Prediction error and Root 
Mean Square Error. Evidently, either of these errors 
were comparatively less than the actual data, further 
proposing fuzzy logic is highly capable of dealing 
with scattered data. Fuzzy Membership approach 
for predicting pre-monsoon weather conditions in 
Kolkata, India has demonstrated more accuracy and 
reliability than the traditional used statistical method, 
Linear Discriminant Analysis (Chatterjee et al., 2011). 
A precipitation probability grid developed with fuzzy 
logic to improve radar precipitation maps gives 
improved correlation results, transforming location-
based variables to probabilities (Silver et al., 2020).
 
The accuracy rate of rainfall predictions made using 
fuzzy inference system in Malaysia is about 72 per 
cent (Safar et al., 2019). Anurag et al. (2020) have 
proposed that co-active neuro fuzzy inference 
system (CANFIS) gave better results in terms of 
reliability and accuracy in predicting standardized 

precipitation index (SPI). The CANFIS was validated 
with an artificial intelligence model and a regression 
model enumerating the performance evaluation 
metrics like root mean square error, Nash-Sutcliffe 
efficiency etc. Results of the study revealed CANFIS 
was a more preferable model and that it can aid in 
building a more resilient and valid expert intelligent 
system. This expert system can be used in or 
predicting drought conditions across various time 
periods. Fuzzy logic is an inevitable  and an effective 
technique for correctly predicting rainfall (Das and 
Tripathy, 2017). 

Atmospheric Temperature
Fuzzy set theory was used in forecasting atmospheric 
temperature for different cities in India. The variable 
used here for prediction was rainfall (Ghosh et al., 
2014). To develop the fuzzy knowledge base, they 
used a sequence containing 19,140 sets of daily 
observations of Temperature, Rainfall over a period 
of one year. Fuzzy systems are highly flexible and 
could also be applied for other me-soscale situations 
like stratus formation and dissipation, (non-frontal) 
thunderstorm development, snow squall situations 
and ice crystal formation. Fuzzy Inference System 
was used to forecast at-mospheric temperature 
in the Indian coastal cities (Patel and Christian 
2012). The variables used were, Mean Sea level 
Pressure, Relative Humidity and Temperature. The 
proposed fuzzy logic pre-diction model established 
higher accuracy in predicting the temperature. The 
results were validated with Root Mean Square Error 
which proved to be low for the study. Fuzzy genetic 
system was used in creating a model for long-term 
air temperature prediction based on geographical 
information (Sadeghi-Niaraki et al. 2020).

Radiation Fog
Jim Murtha (1995) hadutilized fuzzy logic technique 
to forecastthe probability of formation of radi-ation 
fog in operational meteorology. 

Pollution Concentrations
A fuzzy weather forecast was developed to forecast 
pollution concentrations. Data were collected for 
weather forecasts, meteorological situations and 
pollution concentrations. They have investi-gated 
the fuzzy logic approach in predicting pollution 
concentrations in the atmosphere using vari-ous 
parameters (Domanska and Wojtylak, 2010)
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Cyclone Forecasting
Most tropical cyclone(TC) forecasts depend on 
forecasts like wind radius and velocity. Irawan et al., 
2019 have developed and validated a TC simulation 
prediction model that has proved to have lesser error 
terms.The accuracy of the results with Fuzzy logic 
algorithms were at 75%. 

Besides the aforementioned arenas, fuzzy logic is 
also used in measuring solar energy/ sunshine du-
ration, load forecasting using weather data, thermal 
maps, sea-breeze events detection, wind genera-
tion forecasting etc., Soft computing and hybrid 
systems have proven to be an established method 
for more complex and ambiguous data. Meteorology 
is innate to vague, inaccurate, and uncertain large 
data accompanied by subjective human conclusions. 
In such circumstances, fuzzy logic mani-fests to be 
the solution to accurate and authentic results for 
better forecasting and prediction. 

Conclusion
Several soft computing technologies have found 
prominent applications in life sciences and social 
sciences. It is evident that these technologies are 
proving to be of great use in terms of accuracy and 
swiftness. Though fuzzy logic had been almost half a 
century old, it is of recent times that it is being applied 
to agriculture and Meteorology. The results have 
been great and promising for the future. Lotfi A Zadeh 
had formed the basis for computing with words 
and making machines think and decide more like 
humans which is what we call artificial intelligence 
today. Fuzzy logic was and is continued to be a 

basic system of Artificial Intelligence. This paper 
discussed some of the research-ers using fuzzy logic 
in agriculture and Meteorology but its applications 
are still wide and have room for further exploration. 
Its ability to deal with uncertainty and its compatibility 
to deal with natural language has been the concrete 
idea behind using it for agriculture and Meteorology 
where there are a large number of human decision 
factors. The literature reviews have shown to prove 
the same. Studies are also done by incorporating 
fuzzy logic into various Multiple-criteria decision-
making (MCDM) approaches for better results. Its 
ease of blending with other tools provides an added 
advantage. Some of the examples are fuzzy-ISM, 
fuzzy-MOORA, fuzzy-AHP, etc., Fuzzy Logic is a 
great tool that is under-utilized in many areas. Its 
advantages are plenty and is an easy tool for use. 
Further applications can be attempted in profound 
areas of Agriculture and Meteorology.

Acknowledgement
The authors would like to extend their gratitude to all 
the researchers and aca-demicians mentioned in the 
study for their meticulous research contribution and 
groundwork. Their insights have been an inspiration 
for the current study.

Funding
The author(s) received no financial support for the 
research, authorship, and/or publication of this 
article.

Conflict of Interest
The authors do not have any conflict of interest.

References

1. Akperov Imran, Sakharova Luydmila. (2017). 
Application of fuzzy set theory in agro-
meteorological models for yield estimation 
based on statistics. Procedia Computer Science 
120 (2017) 820–829 Published by  Elsevier B.V.

2. Bellman RE, Zadeh L A. (1970). Decision-
Making In A Fuzzy Environment. Federal 
Scientific and Technical Information Springfield, 
Virginia 22151.

3. Chatterjee, S., Ghosh, S., De, U K. (2011). 
Comparison between LDA technique and fuzzy 
mem-bership roster method for pre-monsoon 
weather forecasting. Atmósfera 24(4), 385-396.

4. Das, Tapan K.,  Tripathy, Asis K. (2017). Fuzzy 
Logic as a Tool for Rainfall Prediction: A Case 
Study. World Wide Journal of Multidisciplinary 
Research and Development.  2017; 3(11): 
175-179

5. Domanska, D., & Wojtylak, M. (2010). Fuzzy 
weather forecast in forecasting pollution 
concentra-tions. Geography. Corpus id: 
10090502

6. Ghosh, Sudipta & Dutta, Arpan & Chowdhury, 
Suman & Paul, Gopal. (2014). Weather 
Prediction by the use of Fuzzy Logic. Journal 
of Mechanics of Continua and Mathematical 



101SOWMIYAA et al, Orient. J. Comp. Sci. & Technol., Vol. 13 (2-3) 97-101 (2020)

S c i e n c e s . 8 .  1 2 2 8 - 1 2 4 1 .  1 0 . 2 6 7 8 2 /
jmcms.2014.01.00006.  

7. Irawan, A M., Nugroho, H A., Simanjuntak, 
P P., and Sugiarto., S I. (2019). Forecast of 
Tropical Cyclone Occurrences based on Fuzzy 
Logic Algorithm. IOP Conf. Series: Earth and 
Environmental Science 303 (2019) 01204.   
doi:10.1088/1755-1315/303/1/012044

8. Jantakoon, Nitaya. (2016). Statistics Model 
for Meteorological Forecasting Using Fuzzy 
Logic Model. Mathematics and Statistics, 4(4): 
95-100, 2016. DOI: 10.13189/ms.2016.040401

9. Jimoh, R. G., Olagunju, M.,  Folorunso, 
I.O.,  Asiribo, M.A. (2013). Modeling Rainfall 
Prediction using Fuzzy Logic. International 
Journal of Innovative Research in Computer 
and Communication Engineering, Vol. 1, Issue 
4, June 2013

10. Kurniawan, A. P., Jati, A. N., and Azmi, F. (2017). 
Weather prediction based on fuzzy logic algo-
rithm for supporting general farming automation 
system. 5th International Conference on Instru-
mentation, Control, and Automation (ICA), 
Yogyakarta, 2017, pp. 152-157, doi: 10.1109/
ICA.2017.8068431.

11. Lu,Jing., Xue, Shengjun., Zhang,Xiakun., 
Zhang, Shuyu., and Lu, Wanshun.(2014). 
Neural Fuzzy Inference System-Based Weather 
Prediction Model and Its Precipitation Predicting 
Experiment. Atmosphere 2014, 5(4), 788-805; 
https://doi.org/10.3390/atmos5040788

12. Malik, A., Kumar, A., Salih, S. Q., Kim, S., Kim, 
N. W., Yaseen, Z. M., & Singh, V. P. (2020). 
Drought index prediction using advanced fuzzy 
logic model: Regional case study over kumaon 
in india. PLoS One, 15(5) doi:http://dx.doi.
org/10.1371/journal.pone.0233280

13. Marimin and Mushthofa. (2013). Fuzzy Logic 
Systems and Applications in Agro-industrial 
Engi-neeringand Technology. Proceedings of  
2nd International Conference on Adaptive and 
Intelligent Agroindustry (ICAIA). September 
16 – 17, 2013, IPB International Convention 
Center - Bogor – Indonesia .

14. Murtha, J. (1995). Applications of fuzzy logic 
in operational meteorology. Scientific Services 
and Professional Development Newsletter, 
Canadian Forces Weather Service, 42–54.

15. Pandey P, Litoriya R, Tiwari A. (2018). A 
framework for fuzzy modelling in agricultural 
diagnos-tics. Journal Europeen Des Systemes 

Automatises, 51(4-6), 203-223.
16. Patel, Dipi A.,  and Christian, R.A. (2012). 

Ambient Atmospheric Temperature Prediction 
Using Fuzzy Knowledge-Rule Base for Inland 
Cities in India. World Applied Sciences Journal 
20 (11): 1448-1452, 2012. DOI: 10.5829/idosi.
wasj.2012.20.11.1517

17. Philomine Roseline T, Ganesan N, Clarence 
J M Tauro. (2015). A study of applications of 
fuzzy logic in various domains of Agricultural 
sciences. International Journal of Computer 
Applications (0975 – 8887).

18. Sadeghi-Niaraki, A., Kisi, O., & Soo-Mi Choi. 
(2020). Spatial modeling of long-term air 
tempera-tures for sustainability: Evolutionary 
fuzzy approach and neuro-fuzzy methods. 
PeerJ, doi:http://dx.doi.org/10.7717/peerj.8882

19. Safar, Noor Zuraidin., Ramli, Azizul Azhar., 
Mahdin, Hirulnizam., Ndzi, David., Khalif, 
Muham-mad. (2019). Rain prediction using 
fuzzy rule based system in North-West Malaysia. 
Indonesian Journal of Electrical Engineering 
and Computer Science, 14(3), 1572-1581

20. Shao, J., 2000: Fuzzy Categorization of 
Weather Conditions for Thermal Mapping. 
J. Appl. Meteor., 39, 1784–1790, https://doi.
org/10.1175/1520-0450-39.10.1784.

21. Silver, Micha; Svoray, Tal; Karnieli, Arnon; 
Fredj, Erick. (2020).Improving weather radar 
precipi-tation maps: A fuzzy logic approach. 
Atmospheric Research, Volume 234, article id. 
104710. doi: 10.1016/j.atmosres.2019.104710

22. Singla, Manish K., Deep Kaur, Harkamal., 
Nijhawan, Parag. (2019). Rain Prediction 
using Fuzzy Logic. International Journal of 
Engineering and Advanced Technology (IJEAT), 
ISSN: 2249 – 8958, Volume-9 Issue-1, October 
2019

23. Singla, S., Singla, P., & Rai, H. M. (2010). Agro 
meteorological weather forecasting system 
using soft computing. International Journal of 
Advanced Research in Computer Science, 1(3).

24. Vema, Vamsikrishna, Sudheer  K P, Chaubey, 
I. (2019). Fuzzy inference system for site 
suitability evaluation of water harvesting 
structures in rain-fed regions. Agricultural Water 
Management 218 (2019) 82–93 – Elsevier.

25. Zadeh L A.  (1996). Fuzzy logic – Computing 
with words. IEEE Transactions on Fuzzy 
Systems 4, NO. 2, May 1996.


