Analyzing the Impact of Rainfall Patterns
on Agriculture, Economy and Tourism in India:
A Statistical Approach

Abstract

Thecurrentstudyexaminesrainfalltrendsinindia,encompassingitseffecton various economic
aspects and forecasting for 2023-2030.The Mann-Kendall test and
Sen’sslopeestimatorareutilizedtoanalyzeannualandseasonalrainfallpatterns. Results reveal a
pronounced winter decline (2001-2022) alongside significant pre- monsoon,monsoon,andpost-
monsoonincreases.Annualrainfallconsistentlyde- creases,contrastingwithrisingpre-
monsoon,monsoon,andpost-monsoontrends. Annual rainfall exhibits the steepest decline (-
1.0891 mm/year), while the
monsoonseasondisplaysthehighestincrease(3.2538mm/year).Further,thepresent
studyexploresrelationshipsbetweenrainfallandeconomicgrowth,tourism,and agriculture. A
statistically insignificant yet positive correlation is found between annual rainfall and per-capita
GDP, indicating other economic drivers.Tourism
showsaweak,statisticallyinsignificantlinkwithannualrainfall.Incontrast,arobuststatisticallysignifi
cantcorrelationemergesbetweenannualrainfallandfood-
grainproduction,highlightingitsroleinagriculture.Finally,thepresentresearch ~ forecasts annual
rainfall (2023-2030) using the ARIMA(1,0,0) model, predicting
acontinueddecline. Thishasprofoundimplicationsforwaterresources,
agriculture,andtheeconomy,necessitatingproactivemeasuressuchaswaterconservation, drought-

resistant farming, and alternative energy investments.
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1Introduction

Rainfall is the precipitation of condensed water droplets from clouds under the effects of
gravity,fallingtotheearthatvariedprecipitationrates.Rainfallformsanunassailable
phenomenoninthewatercycleandisindispensableinconnectingclimateandweather. The primary
mechanism through which rain precipitates on the FEarth’s surface is through
thetransformationofatmosphericwatervaporintoliquidorsolidwaterdroplets.Rainfall occurs by several
important mechanisms, including evaporation, atmospheric moisture,
condensationnuclei,cloudformation,precipitation,rainfalldistribution,andgroundimpact ~ (Bogardi
and  Fekete[2021]).India  experiences two types of  precipitation  mainly
southwestmonsoon(JunetoSeptember)andnortheastmonsoon(OctobertoDecember).InIndia,nearl
y75%ofrainfallisobtainedfromthesouthwestmonsoonand25%nfromthenortheastmonsoon.Rainfal
lismeasuredusingraingauges( Leong[1995]),
whichmeasuretheamountofwaterinaparticularregionandaparticularperiod,and
therainfallismeasuredinmillimetersperhour(mm).

Rainfall plays a significant role in influencing agriculture, tourism, and economic
developmentinvariousways. Inagriculture,insufficientorinconsistentrainfallcanaffect
crops,resultinginloweryieldsandlossesduetodrought(LemmenandWarren[2004]).Ontheotherhand, fl
oodsandexcessiveraincanbothharmcropsandsoilandinterfere
withfarming.Rainfallhasanimpactonsoilquality,pestfrequency,cropselection,and
plantingperiods(Pathaketal.[2012]).Besidesagriculture, tourismcanalsobegreatly
affectedbyrainfall,assomelocationsdependonraintodrawvisitorsforactivitieslike
watersports.Moreover,excessiveorbadlytimedraincaninterrupttravelarrangements and outdoor
activities, and result in a decline in the number of visitors, subsequently
impactingthefinancialstabilityofthetourismsector(preetuvenugopalannair[2013]).Another
important effect of rainfall is on the economic development of the region through
secondaryeffects,inparticularagricultureandfoodsecurity,healthandeducation,insurancecostsand
planning,etc., Tounderstandtheeffectofrainfall,numerousstudies
investigatedtherainfallanditsstatisticalanalysis,andthevarioustypesofstudiesincludetrendanalysis

,effectsofrainfallindifferentsectorsandthefutureforecast.
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Literature Review:

SeveralstudiesSanikhanietal.[2018],Gajbhiyeetal.[2016],Krishnakumaretal.[2009],Sharma
et al.[2021],Shree and Kumar[2018] investigated the analysis of rainfall trends.Sanikhani et
al.[2018] investigated the rainfall trend in central India from 1901-2010, using statistical
analysis, and found that there was no significant trend in the monthsofJanuaryandOctober.
Thestudywasperformedon20stationsinChattisgarh
andMadhyaPradesh.InChattisgarh,onlyfourofthetotalfivestationsweresignificant,
whiletwooutofl15stationsinMadhya Pradeshexhibitedsignificantannualtrends.The
annualrainfallwasfoundtoportrayadecreasingtrendin16stations,whiletheseason
showsanincreasingtrend(i.e.,summer(16stations),monsoon(11stations),winter(12
stations),andpost-monsoon(11stations)).Gajbhiyeetal.[2016]investigatedtherainfall trend for the
Sindh River basin in India from 1901 to 2002 and observed the trend to
beincreasinginbothannualandseasonalrainfall. However,intheyearsbetween1942 and 2002, there
was a decreasing rainfall trend.Krishnakumar et al. [2009] studied rainfall trends over Kerala
in the twentieth century using statistical analysis (Linear
trend,MennKendalltest(To[2016])). Theseasonalpremonsoon,post-monsoon,and
winterrainfalltrendwasfoundtobeinsignificantlyincreasing,whiletherainfallwasfound to be decreasing
during the  southwest  monsoon.According to  this  study, the tropical
easterlyjetstreamwasfoundtoplayavitalrolephenomenoninthesouthwestmonsoon.
Sharmaetal.[2021]examinedthetemperatureandrainfalltrendinRajasthanfromthe
period1971t02019.ThestudynotedadecreasingtrendinBikaner,Jaipur,andJodhpur
districts,whereasKotaandUdaipurwerefoundtohaveaninsignificantincreasingtrend. This study also
depicted a variation in temperature and rainfall in  different  months,
despitetheminimumandmaximumtemperaturesinallstationsexhibitingapositive trend.The
analysis of rainfall trends (annual and seasonal) for Ranchi districts was
performedbyShreeandKumar[2018]from1901to2014andusingthestatisticalanalysis, thepreandpost-
monsoonwereobservedtoshowaninsignificantpositivetrendandslope
magnitude,whereas,winterandmonsoonshowedanegativetrendandslopemagnitude.

Thestudyfoundthatthelowmonsoonseasonwascausedduetoacyclonicstormand jet stream
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intensity drop over the Bay of Bengal.



ComplementingtheaforementionedinvestigationsSanikhanietal.[2018],Gajbhiyeetal.[2016],K
rishnakumaretal.[2009],Sharmaetal.[2021],ShreeandKumar[2018]in

rainfalltrends, multiplestudiesNdamaniandWatanabe[2015], AbbasandMayo[2021] ErkanandD1 KEN
[2020], TaylorandOrtiz[2009]lookedintotheeffectofrainfallonagriculture,economicgrowthandtouris

m.NdamaniandWatanabe[2015]investigated rainfall fluctuation and its effects on crop
production in Ghana’s Laura districts.The
findingsofthisstudyindicateamoderateseasonalanderraticannualrainfallconcentrationandshowanegati
vecorrelationbetweenrainfallinJuneandannualcropproduction. The study found that selecting the
right methods and putting them into practice was
crucialforincreasingtheyieldofsorghum, millet,andgroundnuts. Theimpactoftemperatureandrainfal
lonriceproductioninPunjabwasstudiedbyAbbasandMayo[2021]from1981t02017.During1981and19

93,riceproductionshowedadecliningtrend,and from 1993 to 2009, it portrayed a rising
trend.According to this study, the rice plant was found to be negatively impacted by rainfall
during the heading and blooming stages.

Thereproductivephasewasfoundtohaveasignificantnegativeinfluenceongrossdomesticoutputperp

erson.ErkanandDIl KEN[2020]investigatedtheeffectsofrainfall
oneconomicgrowthinTurkeyandobservedthattheeconomy,particularlyintermsof
employment,isdominatedbytheagriculturalsector.Accordingtothisstudy,rainfall
andtheagriculturesectorarepositivelycorrelated. Theresultofthestudysuggeststhat
theamountofrainfallinTurkeyhasmoresignificanteffectsoneconomicgrowththan
previouslyanticipated. TaylorandOrtiz[2009]lookedintotheeffectsofclimatechange
ondomestictourismintheUKandfromthisstudy,itwasobservedtoexhibitsignificant
impactsondomestictourism.Domestictravelwaspredictedtoriseasaresultofclimate
changesincetheUK’ssummersareexpectedtobehotterthantheyaretoday. Thestudy
concludesthatthelocaltourismindustrymaybeimpacted,aswellasanincreaseinthe

relativeappealofinternationaltraveldestinations.

In addition to looking into the effects of rainfall and its statistical inferences, it is
alsovitaltoforecasttherainfalltounderstandthefutureeffectsonagriculture,economic

growth,andtourism.Tothateffect,studiesBarietal.[2015],GrahamandMishra[2017],Bashaetal.[2020],
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Sopipan[2014],Bettetal.[2021]investigatedthefutureforecastusing
differentstatisticalmethods.Barietal.[2015]scrutinizedthemonthlyrainfallusingthe
ARIMAHarvey[1990]modelinSychletCityfrom1980through2010. Theprediction was done for
the period from 2007 to 2010 and the ARIMA model was built using the Box
andJenkinsBox[2013]methodtoperformtheforecast. Thestudywasabletoforecast
withaconfidencelimitof95%andthe ARIMA(0,0,0) (1,1,1)andARIMA(0,0,1) (1,1,1)
werefoundtohavesignificantresults. TherainfallforecastintheAllahabadregionwas
investigatedbyGrahamandMishra[2017]usingtheBox-Jenkinsmethod,todevelop
monthlyrainfallfrom1985through2015.Nevertheless,theaccuracyofpredictionsmade
forrainfallbytheseasonal ARIMAmModelwasless,asthedatacontainedmanymissing values.The
best model identified in this study is ARIMA (0,0,0) (0,1,0) with a 95% confidence
level.Basha et al.[2020] conducted a study on rainfall forecasting using multi-
layerperceptronandauto-encoderneuralnetworks,wheretheresultsareanalyzed in terms of mean
(MSE) and root mean square errors (RMSE) Hodson[2022].The study utilized several methods
like ARIMA, artificial neural networks (ANN), logistic regression, supportvectormachine,
andself-organizingmaps.Comparedtoallother

methods, ANNswerefoundtoprovidebetterpredictions.Sopipan[2014]utilizedHolt’s
winterexponentialsmoothingKalekaretal.[2004]andBox-Jenkinsmethodtoforecast
rainfallinThailand. ThebestmodelwasidentifiedtobeARIMA(1,0,1) (1,0,1)andthe
studyproposedstrategiesforagriculture, drainagesystems, andotherwaterresource
applications.Bettetal.[2021]investigatedtheseasonalforecastfortheYangtzeRiver  basin  using
linear regression performing a three-month forecast (May-June-July and June- July-
August)usingdynamicprediction. Theforecastconsistentlyandstronglypredicted anabove-

averagerainfallfortheYangtzeregionandanirregularlyheavyprecipitation during the summer.

Despitetheexistenceofnumerousstudiesintheliteratureinvestigatingvariousaspectsofrainfall,
thesestudiesdidnotlookintotheanalysisofseasonaltrendsoverindia (2000-
2022)andtheimpactsofrainfallontotalfoodgrainsinindia(2011-2022),number
ofvisitorswhovisitedIndiaduringtheyears(2011-2022),andtheeconomicgrowthinindia(2011-
2022).Moreover,nostudiesexisttothebestextentofourknowledgethat

studyagriculturaldevelopment,economicgrowth,andtourisminconjunctionwithrain- fall in
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India.Thus, the present work aims to:1) Study the rainfall pattern in India,
followedby?2)analyzeandestimatetherainfallpatternthataffectsagriculture,tourism, and economic
development, and 3) forecast the rainfall in India from 2023 through 2027.
Thisarticleisorganizedasfollows: Theinformationaboutthedatausedandthevariousstatisticalmetho
dsusedinthepresentworkarediscussedinSec.2,followedbya
discussionontheobservationsmadeinthepresentworkinSec.3.Thechallengesand

limitationsarepresentedinSec.4,alongwiththeconclusionsummarizedinSec.5.

2StatisticalMethodology

The study comprises the annual rainfall data from the year 1971 to 2022 that was obtained
from meteorologicaldataonIndiastat.comIndiaStat[2018].T he variables suchaspre-
monsoon(March-May),post-monsoon(October-December),winter(January-
February),andthemonsoonseason(June-September) were covered.Inadditiontotherainfalldata,
thepresentstudyalsoconsidersthestatewideper-capitanetstatedomesticproductat
factorcostinindiafromthe  year 2011t02023.Toaccountfortheeffectsofrainfallonagriculture  and
tourism,theagricultural (total food grain production) data from 2011 to 2022 and the tourismdata-
touristswhovisited32statesinIndiafrom2011through2022havebeen
utilized.Alltheaforementioneddatahasbeenobtainedfromindiastat.comindiaStat[2018].The data
used in the present study are sorted into annual data using the Microsoft Excel spreadsheet.

ThestatisticaltoolsusedfortheanalysisareIBMSPSS26,RStudio,andMicrosoft
Excel. ThepresentstudyemploystheMann-Kendall(MK)trendtest(Kendall[1975],
Mann[1945]),apopularnon-parametricapproachtoidentifysignificanttrendsintime series.The MK

test statistic (S) is calculated using:

n—-1 n
S= Z Z sign(y; — yi)

i=1k=i+1

where,

+1, ify,—y,>1 2

sign(y; — yi) = { 0, ify;—y=0
-1, ify, —y, <1
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In Eq.l and 2,n represents the sample size and yiand yyrepresent the i"and
k™observationrespectivelyinthetimeseries. TheMann-Kendallstatisticaltestrelieson
thepositiveornegativesigns(+or-)ofthedifferencesbetweendatapointsratherthan
thespecificvaluesofthedatapointsthemselves.InadditiontotheMann-Kendalltrend
test,thepresentstudyutilizesSen’sslopeestimator(Sen[1968])toobtaintheslopeor magnitude of

the trend in a time series dataset. The slope Siis calculated using:

_ Vi~ Yk 3
i—k

Sik

In Eq.3,Sikrepresents the rate of change between the data points yiand vy, and
thelineartrendobtainedusingSicisusedtoobserve the increasinganddecreasingnature
ofthedata.Moreover,thepresentstudyinvolvesdescriptivestatisticstoshowtheannualrainfalldistribu
tion,andalso,compareseveralseasonstounderstandthesignificant

differencebetweendifferentseasons.Further,correlationstudiesareundertakentoascertaintheeffects
ofrainfallonagriculture,economicgrowth,andtourism.Finally,the  Auto-Regressive Integrated
Moving Average (ARIMA) Box et al[2015] is wused along withthenon-

seasonalrainfalldatatoforecasttheannualrainfallinindiafortheyears 2023 to 2030.

3ResultsandDiscussion

ThedatasetprovidedinFig.1lrepresentsannualrainfallmeasurementsinmillimeters per year
spanning the years from 2000 to 2022.Examination of the data reveals a notable degree of
variability in annual precipitation levels over these 23 years, with values
rangingfrom920.8mm/yearin2002toahighof1284.1mm/yearin2019and1280.6mm/yearin2020.Unli
keaconsistentupwardordownwardtrend,thedatasetexhibits

fluctuatingvalueswithbothincreasesanddecreases
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Figurel:Annualprecipitationofrainfall(mm/year)inindiafromtheyear2000through 2022.

inannualrainfallfromoneyeartothe
next.Severalyearsstandoutasexperiencingnotablyhigherannualrainfall,including
2005with1232.5mm/year,2013with1216.2mm/year,2019with1284.1mm/year,and2020with1280.
6mm/year.Conversely,certainyears,suchas2002with920.8
mm/year,2009with959.3mm/year,and2014with1033.7mm/year,recordedlower
annualrainfallvalues,droppingbelow1000mm/year. Themostrecentdatapointfor the year 2022
reports an annual rainfall value of 1169.901 mm/year.These findings
highlightthedynamicandnon-linearnatureofannual precipitationtrends, suggesting
theinfluenceofvariousenvironmentalfactorsthatwarrantfurtherinvestigationfora comprehensive

understanding of local climate dynamics.

3.1TrendAnalysisforAnnualandSeasonalRainfall

The study encompasses an examination of seasonal rainfall patterns, delineated into
fourdiscretesegments,namely,winter,pre-monsoon,monsoon,andpost-monsoon,as dictated by the
analysis of rainfall data spanning the years 2000 to 2022.Employing a combination of Sen’s
slope estimator and the Mann-Kendall test, the investigation
scrutinizedthetemporalevolutionofrainfalldynamicsduringtheextendedintervalfrom2000t02022. Thee
nsuingpresentationoffindingsisencapsulatedwithinTable1,which

providesadetailedexpositionofthestatisticaloutcomesgroundedinZstatistics.

Annual/Seasonalrainfall Z-Statistics Sensslope(mm/year) P-Value Trend
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Winter -0.1411 -0.0734 0.8878  Decreasing

Pre-monsoon 0.7331 0.65 0.4635  Increasing
Monsoon 0.7895 3.2538 0.4298  Increasing
Post-monsoon 0.6767 1.3909 0.4986  Increasing
Annual -0.8778 -1.0891 0.2269  Decreasing

Tablel:TrendanalysisofannualandseasonalrainfallbasedonMann-Kendalltestand Sen’s  Slope
estimator.

TheMann-Kendalltestwasutilizedtoassesstheexistenceandstatisticalsignificance
oftrendswithindistinctseasonalperiods. ThetestreliesonZ-statistics,whichserveas
apivotalindicatorofthepresenceoftrends.Duringthewinterseason, thecomputed  Z-statisticof-
0.1411underscoredatrendofnominalconsequence,suggestingminimaldecreasingvariationinprecipitati
onpatterns.Conversely,thepre-monsoon,monsoon,and post-monsoon seasons exhibited Z-statistics
of 0.7331, 0.7895, and 0.6767, respectively.
Thesevaluessignifiedthepotentialemergenceofdiscernibleincreasingtrendswithin

thesespecificseasonalsegments.

Pre-monsoon Season Monsoon Season
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£ =
£ 180 = 900
£ 160 =
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<
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Figure2:Lineartrendsfortherainfallinindiaforthea.)pre-monsoon,b.)monsoon,
c.)post-monsoon,andd.)winterseasons.Thesolidbluelinerepresentstherainfalldata ~ while  the
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dashed red line depicts the linear trend.

However,theZ-statisticcalculatedfortheannualperiod, denotedas-0.8778,
offeredadistinctobservation.ltindicatedthepresenceofa discernibledecreasingtrend
overtheentireyear,therebywarrantingheightened attention

andfurtherexaminationofthefactorscontributingtothisoverarchingtrendinannual rainfall patterns
and its  contrasting nature  with seasonal rainfall patterns.Furthermore,
Sen’sslopeanalysiswasutilizedtoestimatetherateofchangeinrainfallovertime.While ~ the  annual
rainfall and winter precipitation are experiencing a decrease in rainfall at rates of -1.0891 mm/year
and -0.0734  mml/year, respectively, the pre-monsoon, monsoon, and  post-
monsoonseasonsaresimultaneouslyonanupwardtrajectoryintermsofprecipitation(see Tablel). Thepr
e-monsoonseasonisseeinganincreaseof0.65mm/year,the
monsoonseasonisshowingasubstantialriseof3.2538mm/year,andthepost-monsoon
seasonisalsowitnessinggrowthwitharateof1.3909mm/year. Thiscontrastreveals
anintriguingpatternwheretheannualandwinterseasonsarebecomingdrier, whilethe
transitionalandmonsoonseasonsarebecomingwetterovertime,indicatingashiftin the distribution
of rainfall throughout the year.Over the past 23 years, no consistent
patterninprecipitationtrendswasevident.Nevertheless,adecliningtrendhasbecome
apparentsince2019,suggestingareductioninprecipitation(seeFig.1). Theanalysis
oflineartrendsinannualandseasonalrainfall ,specifical lyforpre-monsoon,monsoon, post-monsoon,

and winter periods, is presented graphically in Figure 2.

3.2 EffectsofRainfall
3.2.1EffectsonEconomicGrowth

Understandingtherelationshipbetweenenvironmentalfactors,suchasannualrainfall,
andeconomicindicatorslikeper-capitadomesticproduct,holdssignificantimportance
forpolicymakers,researchers,andstakeholdersalike.Suchanalysiscanshedlighton
theinterplaybetweenclimateandeconomicoutcomes,aidinginthedevelopmentof informed strategies

for sustainable economic growth and resilience in the face of changing environmentalconditions.
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Rainfall and Economic Growth
110000

100000 °
90000 ° ® o
80000 % -
70000 [ @ °
60000
50000

(Rupees)
\

Per-capita Domestic Product

1000 1050 1100 1150 1200 1250 1300
Rainfall in mm

Figure3:Therelationshipbetweenannualrainfallinmmandtheper-capitadomestic ~ Product  at
factor cost in India (Rupees).The symbols represent the data wused in the
presentworkwhilethedashedlinerepresentsthetrendbetweenrainfallandeconomic growth.

Figure3portraystherelationshipbetweenannualrainfallinmm/yearandtheper-
capitadomesticproductatfactorcost(inRupees)inindia. Theanalysisoftherelation-
shipbetweenannualrainfallandper-capitadomesticproduct,asindicatedbythePearson
correlationcoefficient(R-value)of0.429andanassociatedp-valueof0.164, revealsapositivebutnon-
statisticallysignificantcorrelation. ThepositiveR-valuesuggeststhatas
annualrainfalllevelsincrease,theper-
capitadomesticproducttendstoincrease,indicatingapotentialpositiveinfluenceofprecipitationonecono
micproductivity.However,the non-statisticallysignificantp-
valueof0.164impliesthatthisobservedcorrelationmaybe
attributedtorandomchanceratherthanarobustandcausalrelationship. Itisimportant
toexercisecautionwheninterpretingthesefindings,asvariousunaccounted-forfactors
maybeinfluencingtherelationshipbetweenrainfallandper-capitadomesticproduct.
Furtherresearchandconsiderationofadditionalvariablesarenecessarytogainacom-

prehensiveunderstandingofthemultifacetedfactorsthatimpacteconomicperformance in India.

3.2.2 EffectsonTourism

Tounderstandannualrainfallanditsimpactontourism,theanalysisofthecorrelation

betweenthesevariablesinthecontextofindiaisofparamountsignificanceandhasbeen
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undertakeninthepresentwork.Figure4representstheassociationbetweenrainfallin
mm/yearandthenumberoftouristsvisitingIndiaincrores.Exploringthecorrelation between annual
rainfall and the influx of tourists to India, as elucidated by the correlationcoefficient(R-
value)of-0.130andtheaccompanyingp-valueof0.688,revealsa
tenuousandstatisticallyinsignificantnegativecorrelation. TheadverseR-valueimplies a marginal
tendency for tourist numbers to exhibit a slight reduction with increasing annual rainfall, indicating
a conceivable but exceedingly weak inverse association.However, theelevatedp-
valueof0.688intimatesthattheobservedcorrelationisnotstatistically
significant,failingtomeettheconventional0.05significancethreshold. Thissuggests ~ that  the
interplay between rainfall and tourist arrivals may be governed by stochastic
variationsratherthanasubstantiatedanddeterministicrelationship.Intheyearwith
thehighestrecordedrainfall(1284.1mm/year),2019,theremarkableupswingindomes-
tictourism(232croretourists)standsoutasanoutlier. Thisanomalycanbeattributed
toaconfluenceoffactors,includingtheincreasingdisposableincomesoftravelers,the
burgeoningpresenceofmillennialtourists,asurplusofleisuretime,andthediversification
oftourismthemesPujarandMishra[2021],KaranthandDeFries[2011],NairandRamachandran[201
6]. Thisoutlier,characterizedbythehighestrainfallandasubstantialsurgeintouristnumbers,cansubsta
ntiallyinfluencetheoutcomesofacorrelation analysisbyaffectingtheR-valueandP-
value. Tourismtrends,therefore,candependon
amultitudeofmutuallyexclusivevariablesbeyondrainfall,suchasrisingdisposablein- comes,
preferences, novel tourism themes, etc., These outcomes accentuate the intricacy of variables
governing  tourist  visitation patterns in  India, necessitating further  extensive

investigationtoelucidatethenuanceddeterminantsaffectingtouristflowtothenation.
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Figure4:Therelationshipbetweenannualrainfallinmmandthenumberofdomestic
touristsvisitingIndiaincrores. Thesymbolsrepresentthedatausedinthepresentwork while the dashed
line represents the trend between rainfall and growth in tourism.

3.2.3EffectsonAgriculture

Rainfall and Agricultural Production
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Figure5:Therelationshipbetweenrainfallinmmandthefoodgrainproductiontotal
inIndia(lakhtonne).hesymbolsrepresentthedatausedinthepresentworkwhilethe  dashed  line
represents the trend between rainfall and agricultural production.

Figure5depictstherelationshipbetweenrainfallinmmandthefoodgrainproduction
inIndia(lakhtonne). Thecorrelationanalysisbetweenannualrainfall(inmm/year)and
foodgrainproduction(inlakhtonnes)revealsastrongandpositiverelationshipwithan R-
valueof0.666.ThisR-valuesuggestsasubstantialpositivecorrelationbetweenthe
twovariables,indicatingthatasannualrainfallincreases,foodgrainproductiontends
toincreaseaswell.Furthermore,theassociatedp-valueis0.018,whichisstatistically significant at a
0.05 significance  level. This low  p-value indicates that the  observed
correlationisunlikelytohaveoccurredbyrandomchance. Itstrengthensthecaseforagenuineandrobustpos
itivecorrelationbetweenannualrainfallandfoodgrainproduction. In summary, the data suggests a
significant and positive correlation between annual rainfall and foodgrain production, with higher
rainfall generally associated with increased foodgrain yields.This finding can be valuable for
agricultural planning and resource management, as it underscores the influence of climate

factors on food production.

3.3PredictionforPrecipitation
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Intherealmoftimeseriesanalysisandforecasting,theselectionofanappropriatemodel  plays a
pivotal role in capturing the underlying patterns within the data.The Auto- Regressive
Integrated Moving Average (ARIMA) model framework is a widely employed
methodforthispurpose, characterizedbyitsparameterizationas(p, d, q), representingtheauto-
regressiveorder,differencingorder,andmovingaverageorder,respectively. The current study focuses
on the analysis of annual rainfall data spanning from 1971
t02022,withtheprimaryobjectiveofdeterminingthemostsuitableARIMAmodelto
facilitateaccuraterainfallforecasting. Theinitialstepsintheanalysisinvolvedassessing
thestationarityofthetimeseriesdata. Theautocorrelationfunction(ACF)andpartial autocorrelation
function (PACF) were employed to investigate the necessity of
differencing(d)tostabilizethedata.Resultsfromthisanalysisindicatedthatthedataremained
stationarywithoutanydifferencing,astheACFandPACFcoefficientsadheredclosely
totheconfidenceintervals,signifyingalackoftemporaltrendorseasonality. TheACF  and PACF
obtained in the present work are shown in Fig. 6.

Subsequently,aseriesofcandidateARIMAmodelswithdifferent(p,d,g)configurationswerecons
ideredasshowninTable2.ModelselectionwasbasedontheBayesian
InformationCriterion(BIC),awidelyacceptedcriterionthatbalancesmodelfitandcomplexity. TheBICv
aluesobtainedforeachmodelservedasakeymetricforassessingtheir
performance.Amongthetestedmodels,theARIMA(1,0,0)configurationdisplayedthe
mostpromisingperformance, yieldingthelowestBICvalueof9.457(seeTable2).Alower BIC value is
indicative of a more suitable trade-off between model fit and complexity,
reinforcingtheefficacyoftheARIMA(1,0,0)modelfortheforecastingtask.Inaddition to the BIC,

model selection and performance assessment also
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Figure6:Auto-correlationfunction(ACF)andpartialauto-correlationfunction(PACF)
withoutdifferencingfortheannualrainfalltimeseriesdatafrom1971t02022.

encompassed

ofotheressentialmetricssuchastheMeanAbsolutePercentageError(MAPE),Mean Absolute Error
(MAE), Root Mean Square Error (RMSE), and normalized BIC. These metrics were employed

to fine-tune the model, ensuring its compatibility with a 95% confidence interval, which is a
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(b) PACF

the

crucial aspect of model validation and reliability.

TheARIMA

andPACFplots,isemployedtoofferannualrainfallforecastsfrom2023through2030. Table3providesthef

(1,0,0)model,chosenafterrigorousanalysisofstationaritythroughACF
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orecastedannualrainfallvaluesfortheperiodfrom2023t02030, alongwiththeir
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Model Type BIC
ARIMA (1,0,0) 9.457
ARIMA (1,0,1) 9.538
ARIMA (0,0,1) 9.458
ARIMA (1,0,2) 9.571
ARIMA (0,0,2) 9.475
ARIMA (2,0,0) 9.502
ARIMA (2,0,1) 9.600
ARIMA (2,0,2) 9.634

Table2: ARIMAmodelparameters(p,d,q)andthecorrespondingBayesianinformation criterion

(BIC) values in the present work.

respectiveupperandlower95%confidenceintervals(UCLandLCL).
Despiteapredicteddecreaseinannualrainfallofapproximatelylmm/year,acleartrend of decreasing
annual rainfall is evident throughout the forecast horizon.In 2023, the
forecastedannualrainfallis1141.12mm,fallingwithintherangeof938.30mm(LCL)
t01343.94mm(UCL).Thisdecreasingtrendcontinuesthrough2030,withsuccessive
yearsexhibitingareductioninforecastedrainfall. Theuseofconfidenceintervalsfurther
acknowledgestheinherentuncertaintyintheforecasts,providingaquantifiablerange within which
actual rainfall values are expected to fall, with a 95% confidence level.
Thisrangeencompassestheplausiblevariationsinannualrainfall ,enablingthedecision- makers for risk

assessment and contingency planning.

Year UCL LCL Forecast

2023 134394 0938.30 1141.12
2024 134356 936.92 1140.24
2025 134291 936.27 1139.59
2026 1342.25 93560 1138.93
2027 134158 93494 1138.26
2028 1340.92 934.27 1137.59
2029 1340.25 933.61 1136.93
2030 1339.58 93294 1133.26

Table3:Forecastedfuturerainfallinmmwithlowerandupper95%confidenceinterval
from2023t02030.
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Figure7:Annualrainfallforecastfromtheyear2023t02030. Theredlinerepresents
observedrainfallfrom1971t02022,thebluelinerepresentstheforecastedvaluefrom
2023t02030,andthedottedlinesrepresenttheupperandlowercontrollimits.
Figure7illustratestheannualrainfallforecastfrom2023t02030,wheretheredline
signifiestheobservedrainfalldatafrom1971t02022. Theforecastedtrendindicatesa
consistentdecreaseinannualrainfall. WhiletheARIMA  (1,0,0)modelhasbeenusedto  forecast
rainfall  patterns, it’s important to acknowledge potential shortcomings.ARIMA
modelsarelinearandmaynotaccountformorecomplexandnon-linearrelationships
inthedata,suchastheimpactofclimatechangeorotherexternalfactors. Toimprove forecasting
accuracy, it may be advisable to explore other methods, such as machine
learningmodels,thatcanhandlemoreintricaterelationshipsandincorporateadditional
variablestobettercapturetheunderlyingdynamicsofrainfallpatterns.Additionally, considering the
potential  influence of exogenous variables and employing more  advanced
timeseriestechniquescouldleadtomorerobustandaccurateforecasts,particularlyin the context of

evolving climate patterns.

4 ChallengesintheStudy

The study exhibits several considerations that may moderate its findings.Firstly, the
analysis,focusingonthecorrelationbetweenannualrainfallandtourisminindia,presentsalimitedscopeasitpri
marilyexaminestheimpactofrainfall,neglectingotherpotential

influencerssuchaseconomicconditionsandpoliticalstabilityontourismtrends. The
19



reportedcorrelationcoefficientof-0.130andanon-significantp-valueof0.688suggesta

tenuousnegativecorrelation,yet the
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acknowledgmentofanoutlierinthetourismdata for 2019 raises awareness about potential
anomalies impacting the results.Additionally,
thestudyrecognizestheintricatenatureofvariablesgoverningtouristvisitationpatterns
beyondrainfall,thoughitdoesnotdelvedeeplyintothesefactors. Theuseofthelinear ARIMA model
for rainfall forecasting is noted, but it’s gently highlighted that such
modelsmightnotcapturethecomplexityofnon-linearrelationshipsorconsiderexternal
influenceslikeclimatechange. Theassumptionofstationarityintimeseriesanalysisand
therecommendationforfurtherinvestigationintothenuanceddeterminantsaffecting

tourismunderscorethestudy’scautiousapproach.

5 Conclusion

The primary objective of this study has involved the examination of rainfall trends in
India,theirimpactsonagriculture,tourism,andeconomicgrowth,andfurther,forecastingtheannualrainf
allfortheperiodspanningfrom2023t02030. Inthispursuit,both theMann-
KendalltestandtheSen’sslopeestimatorhavebeenutilizedfortheassessmentofannualandseasonalrai
nfallpatterns.Anegativetrendhaspersistedthroughout
thewinterseasonfrom2001t02022,whereasrobustpositivetrendshaveemergedin
thecontextofthepre-monsoon,monsoon,andpost-monsoonseasonsduringthesame
timeframe.Conversely, annual rainfall has been found to exhibit a sustained, down-
wardtrajectory. Themostsubstantialnegativeslopemagnitudehasmaterializedinthe
annualrainfallpattern(-1.0891mm/year), whilethemostpronouncedpositivetrend
slopehasbeennotedinthemonsoonseason(3.2538mm/year).ltisnoteworthythat ~ the  southwest
monsoon, prevailing from June to September, has significantly contributed to approximately 76%
of  India’s total rainfall, with the highest recorded precipitation

volumedocumentedin2019,andthelowestrecordedin2002.

The present study consistently pointed to a positive yet statistically insignificant relationship
between annual rainfall and per-capita domestic product. Similarly, a statistically insignificant
correlation has been discerned between annual rainfall and the number of tourists.Conversely, a
robust and positive correlation between annual rainfall and foodgrain production has beenobserved

and wasfound to be statistically significant. Additionally, the current study entailed the provision of
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forecasts regarding rainfall in India for the upcoming eight-year period, extending from 2023 to
2030. Theseforecasts, facilitated by the application of the ARIMA (1,0,0) model, have
consistently projected
acontinuingdeclineinannualrainfall. Thisprojectedreductioninrainfallcouldentail
severeramificationsforcriticalaspectssuchaswaterresources,agriculturalproductivity,andtheoverall
economy.Consequently,proactivemeasures,encompassingwater
conservationinitiatives,theadoptionofdrought-resistantagriculturalpractices,andin- vestments in

alternative energy sources, are deemed imperative.
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