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Table S1: Set of 10 ecological sensitive sets of BioClimatic variables
	Set
	Variables
	Max_VIF
	Max_
Pearson_r

	1) Extreme Thermal Stress Model
	India_bio03, India_bio05, India_bio07, India_bio13, India_bio14, India_bio15, India_bio18, India_bio19
	4.04
	0.752

	2) Aridity-Limited Monsoon Model
	India_bio03, India_bio05, India_bio07, India_bio13, India_bio15, India_bio17, India_bio18, India_bio19
	4.05
	0.752

	3) Primary Monsoon-Driven Suitability 
	India_bio02, India_bio03, India_bio05, India_bio13, India_bio14, India_bio15, India_bio18, India_bio19
	4.14
	0.733

	4) Warm-Season Transmission Baseline
	India_bio03, India_bio07, India_bio10, India_bio13, India_bio14, India_bio15, India_bio18, India_bio19
	4.17
	0.752

	5) Precipitation Scarcity Risk Model
	India_bio03, India_bio07, India_bio10, India_bio13, India_bio15, India_bio17, India_bio18, India_bio19
	4.17
	0.752

	6) Niche Stability & Water Stress Model
	India_bio02, India_bio03, India_bio05, India_bio13, India_bio15, India_bio17, India_bio18, India_bio19
	4.14
	0.733

	7) Annual Mean Suitability Model
	India_bio01, India_bio03, India_bio07, India_bio13, India_bio15, India_bio17, India_bio18, India_bio19
	4.45
	0.752

	8) Monsoon Onset & Mean Heat Model
	India_bio01, India_bio03, India_bio07, India_bio13, India_bio14, India_bio15, India_bio18, India_bio19
	4.49
	0.752

	9) Global Climatic Stability Model
	India_bio01, India_bio02, India_bio03, India_bio13, India_bio14, India_bio15, India_bio18, India_bio19
	4.24
	0.643

	10) Tropical Heat Interaction Model
	India_bio02, India_bio03, India_bio10, India_bio13, India_bio14, India_bio15, India_bio18, India_bio19
	4.26
	0.699




Why these  Bios are selected?
The selection of Bio02, Bio03, Bio05, Bio13, Bio14, Bio15, Bio18, and Bio19 gives a comprehensive climatic requirement of Aedes aegypti life cycle along with  maintaining strict statistical parameters (VIF < 5.0, $|r| < 0.75$). Bio13 (Precipitation of Wettest Month) and Bio18 (Precipitation of Warmest Quarter) act as the "Monsoon Anchors," which captures the peak rainfall and humidity required for larval habitat creation and rapid viral replication during the summer heat and high cases in India are also registered during monsoon season. These are complemented by Bio05 (Max Temperature of Warmest Month), which decides  the thermal ceiling and dictates the speed of the virus's Extrinsic Incubation Period (EIP).
[image: ]To capture the main essence of  Indian climate, Bio15 (Precipitation Seasonality) and Bio14 (Precipitation of Driest Month) which define the wet-dry intensity and the critical population bottleneck of the dry season, respectively are used. The addition of Bio19 (Precipitation of Coldest Quarter) accounts for "Persistence Theory," identifying the winter moisture necessary for the survival of dormant eggs (overwintering) until the next monsoon. Finally, Bio02 (Mean Diurnal Range) and Bio03 (Isothermality) are used as they serve as proxies for climatic stability; a lower diurnal range indicates the high-humidity, stable conditions that maximize adult mosquito longevity. Together, these 8-variable set avoids multicollinearity while covering the four pillars of Dengue ecology: thermal acceleration, moisture availability, seasonal intensity, and overwintering persistence.
       Figure S1. Pearson corelation between bioclimatic variables
[image: ]Figure S2. Receiver Operating Characteristic (ROC) Curve for 10 selected Aedes Model Validation 
Figure S3. Trend of Dengue of in India from 2001 to 2025[image: ].

[image: ]         Figure S4. Receiver Operating Characteristic (ROC) Curve for Aedes Model Validation
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          Figure S5. Boyce evaluation plot.





[image: ] Figure S6. Jackknife of regularized training gain[image: ].
Figure S7.  Jacknife of AUC for Aedes aegypti.
In contrast to the marginal response curves, each of the following curves represents a different model, namely, a Maxent model created using only the corresponding variable. These plots are showing the dependence of predicted suitability both on the selected variable and on dependencies caused by correlations between the selected variable and other variables. They may be easier to interpret if there are strong correlations between variables.
Single-variable MaxEnt models shows that thermal predictors, particularly maximum temperature of the warmest month (BIO5) and mean diurnal range (BIO2), exert strong independent control over predicted suitability, by producing clear unimodal (BIO5; optimum ~30–33 °C) and monotonic (BIO2; decline beyond ~8–10 °C) responses. In contrast, precipitation variables has shown pronounced unimodal relationships when modeled independently, with precipitation of the wettest month (BIO13) and warmest quarter (BIO18) peaking at intermediate ranges (~800–1600 mm) and declining sharply under extreme rainfall (>2000–3000 mm). Notably, responses for precipitation of the coldest quarter (BIO19) differ from marginal curves, which means that correlations among precipitation variables substantially influence full-model predictions. Together these single-variable models highlight temperature stability as a robust predictor, while precipitation effects appear more sensitive to [image: ]inter-variable covariance. 
Figure S8. Jacknife of test gain for Aedes aegypti.













Table S2: Quantitative Assessment of Climate-Driven Shifts in Suitability Zones (1980–2100) 
	Area(Km2)
	ipsl-cm6a-lr
	ukesm1-0-ll

	Scenarios 
	Low
	Medium
	High
	Low_%
	Medium_%
	High_%
	Low
	Medium
	High
	Low_%
	Medium_%
	High_%

	2011-40_ssp126
	1608984.3
	1172946
	532769.8
	48.54
	35.39
	16.07
	1733377.4
	1071876.8
	493922
	52.54
	32.49
	14.97

	2011-40_ssp370
	1499639.3
	1218876
	596184.7
	45.24
	36.77
	17.99
	1796870.9
	894128.5
	623700.6
	54.21
	26.97
	18.82

	2011-40_ssp585
	1505157.1
	1197680.6
	611862.5
	45.41
	36.13
	18.46
	1740325.9
	960706.9
	613667.3
	52.5
	28.98
	18.51

	2041-70_ssp126
	1623681.5
	1150336.6
	540681.9
	48.98
	34.7
	16.31
	1642643.6
	1152118.2
	519938.2
	49.56
	34.76
	15.69

	2041-70_ssp370
	1819638.1
	954739.8
	540322.2
	54.9
	28.8
	16.3
	1930793.5
	802874
	581032.5
	58.25
	24.22
	17.53

	2041-70_ssp585
	1714101.3
	934763.5
	665835.2
	51.71
	28.2
	20.09
	1955152.4
	816397.6
	543150
	58.98
	24.63
	16.39

	2071-2100_ssp126
	1700037.8
	1039592.9
	575069.4
	51.29
	31.36
	17.35
	2023039
	729191.7
	562468.6
	61.03
	22
	16.97

	2071-2100_ssp370
	1916826.1
	840888.7
	556985.3
	57.83
	25.37
	16.8
	1662829.7
	1080935.3
	570935.1
	50.17
	32.61
	17.22

	2071-2100_ssp585
	1937691.5
	867108.5
	509900.1
	58.46
	26.16
	15.38
	1888931.3
	952913.3
	472855.5
	56.99
	28.75
	14.27

	 
	mpi-esm1-2-hr
	gfdl-esm4

	 
	Low
	Medium
	High
	Low_%
	Medium_%
	High_%
	Low
	Medium
	High
	Low_%
	Medium_%
	High_%

	2011-40_ssp126
	1681546.7
	1122928.1
	510225.3
	50.73
	33.88
	15.39
	1529706.6
	1186867.74
	598125.73
	46.15
	35.81
	18.04

	2011-40_ssp370
	1402647.5
	1308847.2
	603205.3
	42.32
	39.49
	18.2
	1490573.6
	1191908.87
	632217.6
	44.97
	35.96
	19.07

	2011-40_ssp585
	1529890
	1241306.7
	543503.3
	46.15
	37.45
	16.4
	1514852.4
	1189763.61
	610084.08
	45.7
	35.89
	18.41

	2041-70_ssp126
	1576205.4
	1044164.6
	694330
	47.55
	31.5
	20.95
	1482457.2
	1242749.47
	589493.42
	44.72
	37.49
	17.78

	2041-70_ssp370
	1577330.9
	1234436.8
	502932.4
	47.59
	37.24
	15.17
	1448552.8
	1212541.99
	653605.32
	43.7
	36.58
	19.72

	2041-70_ssp585
	1389699.1
	1207806.9
	717194.1
	41.93
	36.44
	21.64
	1495371.2
	1212560.41
	606768.46
	45.11
	36.58
	18.31

	2071-2100_ssp126
	1636700.5
	1131633.3
	546366.3
	49.38
	34.14
	16.48
	1518523.7
	1191607.67
	604568.72
	45.81
	35.95
	18.24

	2071-2100_ssp370
	1298821.9
	1148813.8
	867064.4
	39.18
	34.66
	26.16
	1514494.3
	1184671.21
	615534.55
	45.69
	35.74
	18.57

	2071-2100_ssp585
	1045021
	1315569.8
	954109.3
	31.53
	39.69
	28.78
	1519839.8
	1180234.9
	614625.34
	45.85
	35.61
	18.54

	 
	mri-esm2-0
	 
	 
	 
	 
	 
	 

	 
	Low
	Medium
	High
	Low_%
	Medium_%
	High_%
	 
	 
	 
	 
	 
	 

	2011-40_ssp126
	1482744.8
	1278137.5
	553817.8
	44.73
	38.56
	16.71
	 
	 
	 
	 
	 
	 

	2011-40_ssp370
	1569259.3
	1168748.4
	576691.5
	47.34
	35.26
	17.4
	 
	 
	 
	 
	 
	 

	2011-40_ssp585
	1571065.8
	1240099.5
	503534.8
	47.4
	37.41
	15.19
	 
	 
	 
	 
	 
	 

	2041-70_ssp126
	1592757.1
	1193044
	528899
	48.05
	35.99
	15.96
	Base Period

	2041-70_ssp370
	1479248.1
	1243114.8
	592337.2
	44.63
	37.5
	17.87
	Low
	Medium
	High
	Low_%
	Medium_%
	High_%

	2041-70_ssp585
	1716884.2
	1067698.4
	530117.4
	51.8
	32.21
	15.99
	1439004
	1262945.21
	612750.84
	43.41
	38.1
	18.49

	2071-2100_ssp126
	1349111
	1393447
	572142.3
	40.7
	42.04
	17.26
	 
	 
	 
	 
	 
	 

	2071-2100_ssp370
	1682376.6
	1080719
	551604.5
	50.76
	32.6
	16.64
	 
	 
	 
	 
	 
	 

	2071-2100_ssp585
	1967542.5
	872129.6
	475028
	59.36
	26.31
	14.33
	 
	 
	 
	 
	 
	 



[image: ]
Figure S9. Univariate MaxEnt Response Curves




Table S3.  State-wise Dengue cases in India from 2001 to 2025
[image: ]

[image: ]
Figure S10. AUC curve If occurance is taken form GBIF only
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Jackknife of regularized training gain for Aedes
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Jackknife of test gain for Aedes
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image10.emf
States 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Andaman & Nicobar 

0 0 0 0 0 0

0 0 0 25 6 24 67 139 153 92 18 49  168 98 175 1014 846 59 351

Andhra Pradesh 1 61 95 230 99 197 587 313 1190 776 1209 2299 910 1262 3159 3417 4925 4011 5286 925 4760 6391 6453 5555 2386

Arunachal Pradesh 0 0 0 0 0 0 0 0 0 0 0 346 0 27 1933 13 18 1 123  1 7  114 130 20 412

Assam 0 0 0 0 0 0 0 0 0 237 0 1058 4526 85 1076 6157 5024 166 196 33 103  1826 8208 2271 618

Bihar 0 1 0 0 0 4 0 1 1 510 21 872 1246 297 1771 1912 1854 2142 6712 493 633  13972 20224 10157 3774

Chandigarh 0 15 0 0 2 182 99 167 25 221 73 351 107 13 966 1246 1125 301 286 265 1596 910 454 349 54

Chhattisgarh 0 0 0 0 0 0 0 0 26 4 313 45 83 440 384 356 444 2674 722 57 1086  2679 2412 3523 454

Dadra and Nagar Haveli 0 0 0 1 0 0 0 0 0 46 68 156 190 641 1154 4161 2064 493 1491 248 547 685 1178 403 193

Daman and Diu 0 0 0 1 0 0 0 0 0 0 0 96 61 46 165 89 59 163  625 71 279 228 284 278 117

Delhi 322 45 2882 606 0 336 548 1312 1153 6259 1131 2093 5574 995 15867 4431 9271 7136 5077 1269 13089 10183 16866 10585 3746

Goa 1 0 12 3 2 1 36 43 277 242 26 39 198 168 293 150 235 335 992 376 649  443 512 567 101

Gujarat 69 40 249 117 454 545 570 1065 2461 2568 1693 3067 6272 2320 5590 8028 4753 7579 18219 1564 10983  6682 7222 7891 3947

Haryana 260 3 95 25 180 838 365 1137 125 866 267 768 1784 214 9921 2493 4550 1898 1207 1377 11835  8996 8081 6469 2554

Himachal Pradesh 0 0 0 0 0 0 0 0 0 3 0 73 89 2 19 322 452 4672 344 21 349 3326 1989 3359 229

Jammu & Kashmir 0 0 0 0 0 24 0 0 2 0 3 17 1837 1 153 79 488 214 439 53 1709 8269 6403 6876 3343

Jharkhand 0 0 0 0 0 0 0 0 0 27 36 42 161 36 102 414  710 463 825 79 220 290 2578 1528 335

Karnataka 220 428 1226 291 587 109 230 339 1764 2285 405 3924 6408 3358 5077 6083 17844 4427 16986 3823 7393 9889 19300 32886 6759

Kerala 41 219 3546 686 1009 981 603 733 1425 2597 1304 4172 7938 2575 4075 7439 19994 4083 4652 4399 3251 4432 17426 20674 10239

Lakshadweep 0 0 0 0 1023 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 67 445 513 109

Madhya Pradesh 0 0 0 0 0 16 51 3 1467 175 50 239 1255 2131 2108 3150 2666 4506 4189 806 15592 3318 6979 10224 1910

Maharashtra 54 370 772 856 349 736 614 743 2255 1489 1138 2931 5610 8573 4936 6792 7829 11011 14907 3356 12720 8578 19034 19385 13333

Manipur 0 0 0 0 0 0 51 0 0 7 220 6 9 0 52 51 193 14 359 37 203 503 2548 2463 5457

Meghalaya 0 0 0 0 0 0 0 0 0 1 0 27 43 0 13 172 52 44 82 4 129 26 114 74 63

Mizoram 0 0 0 0 0 0 0 0 0 1 0 6 7 19 43 580 136 68 42 67 83 1868 2060 744 901

Nagaland 0 0 0 0 0 0 0 0 25 0 3 0 0 0 21 142 357 369 8 1 24 154 4943 42 68

Odisha 0 0 0 0 0 1 4 0 0 29 1816 2255 7132 6433 2450 8380 4158 5198 3758 496 7548 7063 12845 9892 2544

Puducherry 0 0 6 0 0 0 274 35 66 96 463 3506 2215 1322 771 490 4568 592 2030 633 1625 1673 2790 2128 811

Punjab 49 27 848 52 251 1166 28 4349 245 4012 3921 770 4117 472 14128 10439 15398 14980 10289 8435 23389 11030 13687 6260 4857

Rajasthan 1452 325 685 207 370 1805 540 682 1389 1823 1072 1295 4413 1243 4043 5292 8427 9587 13706 2023 20749 13491 13924 12514 4017

Sikkim 0 0 0 12 0 0 0 0 0 0 2 2 38 5 21 82 312 320 444 11 243 264 311 374 162

Tamil Nadu 816 392 1600 1027 1128 477 707 530 1072 2051 2501 12826 6122 2804 4535 2531 23294 4486 8527 2410 6039 6430 9121 27378 20866

Telangana NA  NA  NA  NA  NA  NA  NA  NA  NA  NA  NA  NA  NA  704 1831 4037 5369 4592 13331 2173 7135 8972 8016 10077 8139

Tripura 0 0 0 0 0 0 0 0 0 0 0 9 8 6 40 102 127 100 114 24 349 56 1447 1198 699

Uttar Pradesh 21 0 738 8 100 639 132 51 168 960 155 342 1414 200 2892 15033 3092 3829 10557 3715 29750  19821 35402 15868 8926

Uttarakhand 0 0 0 0 0 0 0 20 0 178 454 110 54 106 1655 2146 849 689 10622 76 738 2337 4320 494 976

West Bengal 0 0 0 32 6375 1230 95 1038 399 805 510 6456 5920 3934 8516 22865 37746 0 0 5166 8264 67271 30683 441 NA

India 3306 1926 12754 4153 11929 12317 5534 12561 15535 28292 18860 50222 75808 40571 99913 129166 188401 101192 157315 44585 193245 233251 289235 233519 113450
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Pearson Correlation Matrix of Bioclimatic Variables (Bio01-Bio19)

S FEFITITTISIFTITIT I T I 5
\é\w \5@%/ \QSM \\\&M \é\\\/ \S‘&W \‘é\w \Q@/ \\\&w/ &7 \S‘&W \Q&w \Q,&o/ \o-&w/ R \‘\&w \&‘Q/ \\\&
Tndia bioO1 -0.03 | 0.54 | -0.64 -0.47 -0.08 | 0.06 [-0.56 [ 0.61 | 0.05 | -0.55]-0.20 [-0.11
India_bio02 -0.20 | 0.52 | 0.25 | -0.24 0.06 [ -0.07 [ 0.13 | -0.16 | -0.60 | -0.48 | -0.35 [ 0.34 | -0.51 | -0.34 | -0.45 | -0.27
India_bio03 -0.86 | 0.37 -0.75 | 0.40 | 0.58 [ 0.39 0.09 | 0.15[-0.33] 0.07 | 0.13 | -0.32 | -0.13 | 0.26
India_bio04 -0.42 | -0.82 -0.48 | -0.69 | -0.47 | -0.79 | -0.27 | -0.31 | 0.26 [ -0.14 | -0.31 | 0.26 | -0.01 | -0.17
India_bio0)5 -0.17 -0.29 | -0.11 | -0.64 . -0.13 | -0.63 | -0.39 [ -0.19
India bio06 -0.68 0.03 | 0,15 | =048 | 0.49 | 0.14 | -0.48 | -0.16 | 0.00
Tndia_bio07 -0.32 | 050 | -0.27 | -0.62 | -0.45 | -0.42 | 0.02 | 0.08 | -0.42 | 0.02 | -0.24 | -0.25
India_bio08 -0.06 | 0.06 [-0.52 | 0.63 | 0.06 | -0.50 |-0.10 | -0.15
India_bio09 -0.08 | 0.08 |-0.54 | 0.58 | 0.06 | -0.54 | -0.26 | -0.05
India_biol0 -0.19 | -0.04 | -0.58 .05 | -0.58 | -0.28 | -0.17
India bioll 000 | 012 [-0.52 0.53 | 011 | -0.52 | -0.18 | -0.04
India_biol2 0.51 | -0.16 0.54 0.42
India_biol3 0.26 | 0.13 030 | 0.64 | 0.45
India_biol4 -0.58 | 0.30 0.58 | 0.21
India_biol$ 0.08 [ -0.58 | -0.28 | -0.16
India_biol6 0.34 0.44
India biol7 0.60 | 0.24

India_bio18

India_biol9

0.08

08

0.6

04

0.6

08




image2.png
senstovy v

cncrytor eces

Syt s

Tanog e =001 ¢
R escn A0G=05 »

Senstoyvs. 1 Speciicy fo Anges

St oy s

Senstouy v 1 Speciicyfor Aedes

W0 o e e o on
1 St G pssh)

T et =00+
o rdcin AUG=36 &

Senstoyvs. 1 - Speciry for Andes

.

o

T o o8

St o P

Sensiovyv.1 - toredes

T =ony «

5

Sensivtyvs. 1 - Specitty o An

1S s s

6

R s A1G=05 &

Sensivtyvs. 1 - Specitty o An

. s
P——
¥ Er— J—
R IR N A 10





image3.jpeg
Dengue Cases

Linear Regression: Dengue Trends across India (2001-2025)
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Average Sensitivity vs. 1 - Specificity for Aedes
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