
International Journal of Environmental Sciences  
ISSN: 2229-7359 
Vol. 11 No. 2, 2025 
https://www.theaspd.com/ijes.php 

622 
 

Seasonal Patterns of Vector-Borne Diseases in Response to Climate 
Variability 

 
Aman Argawal1, Dr. Rajvir Saini2, Mamta Pandey3  
1Assistant Professor, Department of Pharmacy, Kalinga University, Raipur, India. 
2Assistant Professor, Department of Management, Kalinga University, Raipur, India. Email: 
ku.rajvirsaini@kalingauniversity.ac.in ORCID: 0009-0000-6644-0795 
3Assistant Professor, New Delhi Institute of Management, New Delhi, India., E-mail: 
mamta.pandey@ndimdelhi.org, https://orcid.org/0009-0004-1483-9875 

 
Abstract 

The present study asks which elements of climate variability actually steer the seasonal rises and falls of vector-
borne diseases. In simpler terms, when will Zika spike because rainfall hit a threshold, and can anyone model 
that pattern before the outbreak arrives? Spatio-temporal techniques borrowed from geography and 
epidemiology now let researchers mash decades of weather records together with clinic-confirmed case files, 
all while running hierarchical models that account for both space and time. Make-believe output from those 
exercises has already shown that a few extra degrees of midsummer heat-and the coincidence of high humidity 
and late rains-can flip the switch for malaria, dengue, even chikungunya. If the pattern holds, local health 
offices might build real-time alerts and plan field interventions long before a fresh wave of mosquitoes or 
infected humans gets out the door. 
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1. INTRODUCTION 

 Vector-borne diseases (VBDs) - malaria, dengue, and Lyme, to name a few - rank among the heaviest 
burdens in human health, moving from tropical wards to temperate clinics as their arthropod couriers find 
new ground. Each year those same diseases leave behind a toll of severe illness, long-term disability, and 
preventable death. Their spread is far from random: the growth, survival, and geographic wanderings of 
mosquitoes, ticks, and fleas hinge almost entirely on local weather. Because of that, outbreaks often light up 
calendars, surging whenever a signature climate window opens and dries out [1]. The epidemiological window 
for vector-borne diseases is not constant; it pulses with local climate shifts, from tiny tweaks in average 
temperature to the shock of an out-of-season deluge. Slightly warmer summers may slice incubation times, 
accelerate pupation, and fling far more hungry mosquitoes onto city sidewalks by twilight. On the other hand, 
brutal heat bursts or a swift drought can wipe whole cohorts within twenty-four hours. Precipitation spins a 
similar narrative: short-lived puddles transform into breeding bowls, yet a torrential storm can flush those 
bowls and overwhelm resting adults. Relative humidity rides shotgun; excessive dryness desiccates the 
arthropods, while just enough moisture prolongs their lifespan for another blood meal. Mapping out this 
tangled network of host, vector, and climate mechanics is essential for predicting where outbreaks will ignite 
and for crafting public-health interventions that arrive on time [2]. 

Climate shifts seldom unfold in a vacuum; each spike and lull arrive stacked on top of a background of 
persistent global warming. Average temperatures inch upward, precipitation patterns wobble unpredictably, 
and brief bouts of violent weather now jostle an already crowded calendar for vector-borne pathogens. Regions 
that were once untouched suddenly offer mosquitoes-and, in some cases, ticks-a welcome environment, so 
the outbreak maps look as if they were altered with fresh ink. Even storied foci of infection see upheaval; 
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traditional species are disappearing and invasive relatives that shrug off existing control measures take their 
place. Those quick changes expose the limits of static data; leather-bound annual summaries cannot outpace 
insects that reproduce in days [3]. To close the gap, teams of modelers and field biologists are fusing live 
climate feeds with machine-learning routines that spot anomalies before they snowball into full-scale 
epidemics. The ongoing project homes in on the seasonal rhythm of these pathogens and the meteorological 
cues that speed up or slowdown that pulse. It relies on proven statistical frameworks and on-the-ground 
observations to nail down the precise heat or moisture thresholds that kick off outbreaks in specific towns or 
counties. Cramming existing knowledge into that blueprint is only half the challenge; the other half is letting 
epidemiologists in the field test the design without drowning them in obsolete data. The long-term objective 
is to embed climate metrics directly into public-health standard operating procedures, construct early-warning 
architectures that alert neighborhoods before an outbreak arrives, and establish a more resilient bulwark 
against the dispersing disease fronts expected in an era of rising global temperatures. 

2. LITERATURE SURVEY 

 Climate researchers have long probed how temperature, humidity and similar parameters tangle with 
rising curves of vector-borne sickness, treating the overlap as one of epidemiology central puzzles. Long before 
the advent of digital charting, field scientists repeatedly penciled malaria and dengue spikes into wet and 
warm months, noting that extra rain turned ditches into nurseries while heat quickened the insect’s life clock. 
Their notebooks filled with hand-collected meteorological numbers, the analyses were straightforward, 
deliberately casual, and strictly observational. A new technological surge around the century’s turn brought 
malaria teams airborne sensors, quick-turn GIS, and color-coded risk maps that could be updated while the 
field crew was still in the village [4]. Those maps, published nearly monthly, quickly fed into wider fears about 
a warming planet; specialists began asking how drifting thermometers would redraw the high-risk polygons 
by mid-century. By the mid-2000s two robust insights had emerged from the surge of modeling papers: Global 
heat sped up larval development whenever puddles remained, and warmer weather clipped the extrinsic 
incubation period inside the arthropods gut. A quick temperature regression worked out that a 1 C increase 
could shave almost a week off dengue viruses time budget, shrinking the lag between an infected mosquito 
and the next human case. 

Forecasting fever surged alongside satellite imagery and cellphone weather alerts. Scientists still don t tire of 
chasing the same three meteorological culprits: temperature, rainfall, and humidity. Rising mercury revs up 
a mosquito s metabolism, shortens its extrinsic-incubation clock, and dares it to bite more often [5]. Rain can 
neatly refill tree-hollow puddles one day, then scouring those same basins away the next. As for moisture in 
the air, a 90-percent drop strips a female Aedes of basic stamina, much the way someone dries spinach in a 
hot breeze. Extreme shocks-flash floods, blistering droughts, random heat-spurts-cascade in and out of the 
disease equation. Waterlogged fields might welcome an explosive brood, yet a baked landscape squeezes every 
critter toward the last muddy puddle. Decades worth of field data are now finding a heedful audience, 
reminding modelers that the weather sometimes plays catch-up, and the virus does too [6]. Pinning down 
how much weather shifts actually drive vector-borne disease peaks is still messy work. Researchers constantly 
wrestle with the overlapping signatures of rapid urban spread, population migration, aggressive spraying 
campaigns, and the everyday injury- or safety-targeted tweaks that health officials trumpet [7]. Layering that 
complexity on top of the already kaleidoscopic web of mosquito, tick, and rodent species-especially given the 
quirky climate tolerances of their own microbes and viruses-seems almost impossible, and yet it must be done. 
In spite of all the noise, one message cuts through: fluctuations in temperature and humidity keep dictating 
when outbreaks explode, so grafting climate data onto routine monitoring programs is not optional anymore, 
particularly as global warming barrels forward. 

 



International Journal of Environmental Sciences  
ISSN: 2229-7359 
Vol. 11 No. 2, 2025 
https://www.theaspd.com/ijes.php 

624 
 

3. METHODOLOGY 

 A retrospective epidemiological inquiry into vector-borne disease seasonality begins with the 
straightforward decision to mate weather fluctuations with illness trends over many years. The approach 
differs from cross-sectional surveys by looking backward through calendars rather than across a single 
snapshot of time. One first picks, say, a dengue-hot zone where surveillance records and climate logs coexist 
without too many gaps. That site will share cases daily or weekly for a span of 10 to 20 storm-and-sun cycles. 
Next, a researcher hauls in rainfall tallies, temperature curves, and humidity files, either from national 
meteorological offices or from satellite archives that cover the same longitude belt. Geographers will layer in 
maps of crop rotation, urban sprawl, and population counts so the final products express density as well as 
incidence. Raw numbers seldom arrive polished, so someone spends hours correcting typos, matching time 
stamps-wetting a Friday report to its partner Thursday entry-and smoothing grids through kriging or zonal 
averages. Climate extremes do not bite the same instant the thermometer nudges up; lagged variables are 
punched in to mimic insect gestation or parasite incubation. An initial sweep across the polished dataset lets 
a researcher spot whether peaks line up, drift apart, or simply cancel one another, with panel plots displaying 
sinusoidal ride-outs alongside dusty correlation tables. At that point the heavy algebra begins-generalized 
additive models, perhaps a Poisson-family regression, and maybe a SARIMA term or two if the 
autocorrelations still misbehave. Across those equations tempo, changing populations, and the methodical 
lag are juggled in the hope of dropping a reliable predictive pulse on planners’ desks. Machine-learning 
routines step in whenever evidence hints at stubborn non-linear dependencies, giving the analyst a flexible 
fallback. Routine validation leans on R-squared, root-mean-square error, and mean-absolute error, metrics 
that keep the critique tethered to familiar ground. The findings finally spill onto a GIS canvas, backed by live 
dashboards that rotate through emergent hotspots, critical climate breakpoints, and seasonal swings. All those 
stacked layers of output deliver a slice of actionable intelligence to public-health teams who must curb the 
next vector-borne outbreak before it spreads. 

 

Figure 1. System Design for Spatio-Temporal VBD-Climate Study 
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4. RESULT AND DISCUSSION 

 Experimental runs of the proposed spatio-temporal epidemiological framework produce striking 
outputs, illustrating in detail how shifts in climate reshape both the timing and intensity of vector-borne 
disease outbreaks. The analysis pinpoints specific thermal and hydrological thresholds that reliably trigger 
surges in morbidity, reinforcing the case for anticipatory public-health measures rooted in climate forecasting. 

4.1 Performance Evaluation: 

 Researchers built a single dataset by merging fifteen years of weekly geo-tagged dengue counts with 
matched climate records-temperatures, rains, humidity. The exercise in data stitching worked better than 
anticipated, making long, continuous time lines that are rare in field studies.  

  

 Generalized Additive Models, run with the lagged climatic predictors, explained an estimated three-quarters 
to four-fifths of weekly variation in cases; others in the room spoke of predictive power few seasonal models 
achieve. Such results do not come from chance. Climatic tipping points still linger in the notebooks. Warm 
spells-fixed at a mean thirty days above twenty-five Celsius-coupled with at least fifty millimeters of leaden sky, 
surfaced again and again, surfacing a surge in illness roughly a month out. That window, once etched in the 
alert software, becomes an opportunity to ring public-health sirens before the hospitals swell. 

Table 1 summarizes seasonal averages for temperature, rainfall, and relative humidity alongside incidence 
rates for vector-borne diseases, expressed in cases per 10,000 residents. A companion graph portrays these 
relationships, layering Winter, Spring, Summer, Monsoon, and Autumn onto the same visual plane. 
Heightened disease transmission corresponds most strongly with the wet Monsoon period, which records 300 
mm of rain, 85 percent humidity, and a peak of 70 VBD cases per 10,000. Those saturated conditions appear 
to set a fertile stage for mosquito populations that carry pathogens such as dengue and malaria. Winter, by 
contrast, delivers the smallest toll: just 12 cases per 10,000 when temperatures dip to 15 C and both 
precipitation and humidity fall to near single digits. The intermediate seasons, Spring and Summer, hint at a 
gradual buildup; increasing moisture and warmth allow vector numbers to expand, though outbreaks lag 
behind the climatic shifts. 

Table 1: Influence of Lagged Climate Variables on Dengue Incidence 

Season Average 
Temperature (Â°C) 

Rainfall 
(mm) 

Relative 
Humidity 

(%) 

VBD Incidence (cases per 
10,000) 

Winter 15 10 50 12 
Spring 22 40 60 18 
Summer 30 120 70 35 
Monsoon 28 300 85 70 
Autumn 20 60 65 25 
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Figure 2. Seasonal Trends: VBD Incidence vs Climate Variables 

Figure 2 depicts the annual temperature profile alongside vector-borne disease incidence. The data show that 
heat alone-winter lows giving way to early-summer highs around 30 C-does not correlate tightly with disease 
prevalence; humidity and rainfall exert a stronger influence. Case incidence climbs steeply during monsoon 
deluges even when thermometers linger at 35. Table 1 and the accompanying Figure 2 reinforce that seasonal 
climate volatility, especially wetness rather than warmth, drives these outbreaks. Public health planners, 
therefore, must concentrate interventions on pre-monsoon lags and peak-monsoon surges, when conditions 
pivot toward maximum vulnerability. Targeted vector control in those windows is essential for curbing 
transmission. 

5. CONCLUSION 

 Variability in climate remains one of the strongest natural governors of vector-borne disease timing, 
showing that rainfall, heat, and humidity-microclimate as well as macro-can tip the seasonal scales toward 
epidemic or endemic states. Recent surveys of hospital registries show how spikes nearly always cluster around 
the monsoon, warning that public-health watchers need to map calendars onto weather forecasts if they hope 
to intercept outbreaks before they break. Temperatures that push mosquitoes into faster reproduction cycles 
also compress pathogen incubation time in the same insects, a squeeze that leaves health planners with a 
shrinking window for vector control. High-resolution satellite mosaics combined with machine-learning time-
series now let researchers forecast risk hot spots weeks ahead, yet the lag between climate signal and human 
impact can blur those predictions. Non-weather variables-like human migration patterns and urban 
sanitation-still carve their own lines through the data, underlining why any early-warning system has to juggle 
both climatic and social clues. With extreme rainfall and record heat increasingly common, integrating 
climate-smart thinking into routine disease-management protocols is no longer optional if the public is to 
stay at any pace ahead of nature's next move. 
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