Supplementary Information

Table S1. Biometeorological characteristics and ranges of daily herd-level milk variables during the defined periods
	Biometeorological period 
	n, days
	Night-time WCT, °C, mean ± SD
	WCT range, °C
	Milk yield range, kg/cow/day
	Milk fat range, %
	Milk protein range, %
	SCC range, ×10³ cells/mL

	Reference (pre-event), 3–10 Jan
	8
	−2.91 ± 3.39
	−6.25–3.25
	35.84–36.91
	3.83–3.96
	3.37–3.52
	149–201

	Cold wave 1, 11–27 Jan
	17
	−14.07 ± 2.53
	−20.00–−10.00
	34.10–37.09
	3.92–4.08
	3.37–3.47
	128–228

	Relief, 28–30 Jan
	3
	−1.25 ± 2.25
	−3.50–1.00
	35.68–37.03
	3.91–3.99
	3.42–3.47
	182–196

	Cold wave 2, 31 Jan–12 Feb
	13
	−12.62 ± 5.04
	−19.50–−4.00
	34.36–36.61
	3.89–4.07
	3.42–3.47
	144–238

	Post-cold relief, 13–16 Feb
	4
	−0.19 ± 0.90
	−1.50–0.50
	34.60–35.11
	3.92–3.94
	3.42–3.42
	195–216


Milk performance variables are presented as ranges of daily herd-level observations within each biometeorological period. Night-time WCT is presented as mean ± SD and range. Period boundaries were defined from the WCT trajectory before examining milk responses.

Table S2. GLM associations between mean night-time WCT and milk outcomes across antecedent exposure windows
	[bookmark: _Hlk238254208]Outcome
	Exposure window
	B (95% CI)
	p
	Partial η²
	Adjusted R²

	Milk yield, kg/cow/day
	Current
	+0.03999 (0.01465–0.06532)
	0.002
	0.087
	0.144

	
	3 days
	+0.04271 (0.01367–0.07174)
	0.004
	0.076
	0.135

	
	7 days
	+0.06587 (0.02999–0.10174)
	<0.001
	0.114
	0.170

	
	10 days
	+0.09027 (0.05184–0.12869)
	<0.001
	0.174
	0.226

	
	14 days
	+0.09272 (0.04880–0.13664)
	<0.001
	0.145
	0.199

	Milk fat, %
	Current
	−0.008385 (−0.010397–−0.006373)
	<0.001
	0.399
	0.710

	
	3 days
	−0.010220 (−0.012400–−0.008040)
	<0.001
	0.456
	0.738

	
	7 days
	−0.014358 (−0.016816–−0.011900)
	<0.001
	0.566
	0.791

	
	10 days
	−0.014779 (−0.017742–−0.011816)
	<0.001
	0.487
	0.753

	
	14 days
	−0.013223 (−0.017089–−0.009357)
	<0.001
	0.309
	0.667

	Milk protein, %
	Current
	−0.000914 (−0.002073–0.000244)
	0.121
	0.023
	0.793

	
	3 days
	−0.000830 (−0.002156–0.000496)
	0.217
	0.015
	0.791

	
	7 days
	−0.000111 (−0.001796–0.001574)
	0.896
	<0.001
	0.788

	
	10 days
	−0.000400 (−0.002267–0.001468)
	0.672
	0.002
	0.788

	
	14 days
	−0.001755 (−0.003828–0.000317)
	0.096
	0.027
	0.794

	SCC, ×10³ cells/mL
	Current
	+1.2557 (0.0315–2.4799)
	0.044
	0.039
	0.021

	
	3 days
	+1.7110 (0.3283–3.0937)
	0.016
	0.055
	0.038

	
	7 days
	+2.9161 (1.2141–4.6181)
	<0.001
	0.101
	0.084

	
	10 days
	+2.3446 (0.4072–4.2821)
	0.018
	0.053
	0.035

	
	14 days
	+1.4914 (−0.7270–3.7098)
	0.185
	0.017
	−0.001


All models used a common sample (n = 106; residual df = 103) and included Day as a temporal covariate. B represents the unstandardised adjusted change in the respective outcome per 1 °C increase in WCT; values in parentheses are 95% confidence intervals. More negative WCT values indicate stronger cold exposure. Exposure windows represent current mean night-time WCT or the arithmetic mean of daily mean night-time WCT values over the preceding 3, 7, 10 or 14 complete days, excluding the current day, and should not be interpreted as discrete biological lags.

Table S3. Sensitivity analysis: GLM associations between daily minimum WCT and milk outcomes across antecedent exposure windows
	Outcome
	Exposure window
	B (95% CI)
	p
	Partial η²
	Adjusted R²

	Milk yield, kg/cow/day
	Current
	+0.04305 (0.01873–0.06737)
	<0.001
	0.107
	0.163

	
	3 days
	+0.04842 (0.02064–0.07619)
	<0.001
	0.104
	0.161

	
	7 days
	+0.07242 (0.03816–0.10668)
	<0.001
	0.146
	0.200

	
	10 days
	+0.09663 (0.05969–0.13356)
	<0.001
	0.207
	0.257

	
	14 days
	+0.09791 (0.05548–0.14034)
	<0.001
	0.169
	0.221

	Milk fat, %
	Current
	−0.008098 (−0.010057–−0.006139)
	<0.001
	0.395
	0.708

	
	3 days
	−0.009936 (−0.012052–−0.007821)
	<0.001
	0.457
	0.738

	
	7 days
	−0.013988 (−0.016373–−0.011603)
	<0.001
	0.568
	0.792

	
	10 days
	−0.014661 (−0.017538–−0.011785)
	<0.001
	0.498
	0.758

	
	14 days
	−0.013343 (−0.017078–−0.009608)
	<0.001
	0.328
	0.676

	Milk protein, %
	Current
	−0.000837 (−0.001963–0.000289)
	0.143
	0.021
	0.792

	
	3 days
	−0.000678 (−0.001968–0.000613)
	0.300
	0.010
	0.790

	
	7 days
	+0.000057 (−0.001582–0.001696)
	0.945
	<0.001
	0.788

	
	10 days
	−0.000185 (−0.002019–0.001648)
	0.841
	<0.001
	0.788

	
	14 days
	−0.001572 (−0.003607–0.000463)
	0.128
	0.022
	0.793

	SCC, ×10³ cells/mL
	Current
	+1.2241 (0.0361–2.4121)
	0.044
	0.039
	0.021

	
	3 days
	+1.5423 (0.1938–2.8908)
	0.025
	0.048
	0.030

	
	7 days
	+2.7787 (1.1198–4.4376)
	0.001
	0.097
	0.080

	
	10 days
	+2.3246 (0.4247–4.2245)
	0.017
	0.054
	0.036

	
	14 days
	+1.5399 (−0.6312–3.7110)
	0.163
	0.019
	<0.001


Sensitivity analysis using daily minimum WCT. All models used a common sample (n = 106; residual df = 103) and included Day as a temporal covariate. B represents the unstandardised adjusted change in the respective outcome per 1 °C increase in WCT; values in parentheses are 95% confidence intervals. More negative WCT values indicate stronger cold exposure. Exposure windows represent current daily minimum WCT or the arithmetic mean of daily minimum WCT values over the preceding 3, 7, 10 or 14 complete days, excluding the current day, and should not be interpreted as discrete biological lags.


