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Table S1. Plot-level topographic information for the 20 permanent study plots.
	Plot ID
	Fire severity
	Elevation (m)
	Slope (°)
	Aspect

	UB1
	UB
	130
	19.3
	Sun-exposed

	UB2
	UB
	115
	20.8
	Sun-exposed

	UB3
	UB
	168
	15.4
	Sun-exposed

	UB4
	UB
	228
	26.7
	Sun-exposed

	UB5
	UB
	233
	12.3
	Sun-exposed

	LS1
	LS
	445
	35.4
	Sun-exposed

	LS2
	LS
	435
	18.6
	Sun-exposed

	LS3
	LS
	201
	17.6
	Sun-exposed

	LS4
	LS
	157
	32.4
	Sun-exposed

	LS5
	LS
	189
	34.6
	Sun-exposed

	MS1
	MS
	264
	43.0
	Sun-exposed

	MS2
	MS
	386
	32.7
	Sun-exposed

	MS3
	MS
	183
	26.8
	Sun-exposed

	MS4
	MS
	184
	27.3
	Sun-exposed

	MS5
	MS
	213
	26.4
	Sun-exposed

	HS1
	HS
	195
	40.0
	Sun-exposed

	HS2
	HS
	177
	18.6
	Sun-exposed

	HS3
	HS
	185
	37.3
	Sun-exposed

	HS4
	HS
	187
	37.8
	Sun-exposed

	HS5
	HS
	188
	23.5
	Sun-exposed


Notes: UB, unburned; LS, low severity; MS, moderate severity; HS, high severity. Elevation, slope, and aspect are reported from the original field records. All plots were classified as sun-exposed. Plot-level latitude and longitude are not reported because the initial GPS records were collected for field relocation rather than as survey-grade plot-centroid coordinates.


Table S2a. Linear mixed-effects model results for soil physical properties.
	Response
	Effect
	Num. df
	Den. df
	F
	P

	Soil temperature
	Fire severity
	3
	16
	30.061
	< 0.001

	Soil temperature
	Sampling time
	7
	112
	157.133
	< 0.001

	Soil temperature
	Fire severity × sampling time
	21
	112
	7.308
	< 0.001

	SWC
	Fire severity
	3
	16
	15.681
	< 0.001

	SWC
	Sampling time
	7
	336
	308.423
	< 0.001

	SWC
	Soil depth
	2
	32
	529.103
	< 0.001

	SWC
	Fire severity × sampling time
	21
	336
	4.741
	< 0.001

	SWC
	Fire severity × soil depth
	6
	32
	0.875
	0.524

	SWC
	Sampling time × soil depth
	14
	336
	5.137
	< 0.001

	SWC
	Fire severity × sampling time × soil depth
	42
	336
	0.846
	0.741

	BD
	Fire severity
	3
	16
	24.218
	< 0.001

	BD
	Sampling time
	7
	336
	23.536
	< 0.001

	BD
	Soil depth
	2
	32
	1067.052
	< 0.001

	BD
	Fire severity × sampling time
	21
	336
	4.474
	< 0.001

	BD
	Fire severity × soil depth
	6
	32
	4.367
	0.002

	BD
	Sampling time × soil depth
	14
	336
	2.528
	0.002

	BD
	Fire severity × sampling time × soil depth
	42
	336
	1.246
	0.150


Notes: Final repeated-measures linear mixed-effects models were fitted by REML. For SWC and BD, fire severity, sampling time, soil depth, and all interactions were fixed effects; plot identity and the soil-depth series nested within plot were random intercepts, and AR(1) correlation represented repeated surveys within each plot × depth series. Soil temperature was analyzed separately for D1 (0–10 cm), with plot identity as a random intercept and AR(1) temporal correlation. P values are from marginal F tests.

Table S2b. Linear mixed-effects model results for soil chemical properties.
	Response
	Effect
	Num. df
	Den. df
	F
	P

	pH
	Fire severity
	3
	16
	52.396
	< 0.001

	pH
	Sampling time
	7
	336
	99.298
	< 0.001

	pH
	Soil depth
	2
	32
	3.072
	0.060

	pH
	Fire severity × sampling time
	21
	336
	12.686
	< 0.001

	pH
	Fire severity × soil depth
	6
	32
	4.995
	0.001

	pH
	Sampling time × soil depth
	14
	336
	9.668
	< 0.001

	pH
	Fire severity × sampling time × soil depth
	42
	336
	2.091
	< 0.001

	SOC
	Fire severity
	3
	16
	122.754
	< 0.001

	SOC
	Sampling time
	7
	336
	66.260
	< 0.001

	SOC
	Soil depth
	2
	32
	6291.633
	< 0.001

	SOC
	Fire severity × sampling time
	21
	336
	10.383
	< 0.001

	SOC
	Fire severity × soil depth
	6
	32
	16.834
	< 0.001

	SOC
	Sampling time × soil depth
	14
	336
	7.269
	< 0.001

	SOC
	Fire severity × sampling time × soil depth
	42
	336
	1.982
	< 0.001

	TN
	Fire severity
	3
	16
	25.426
	< 0.001

	TN
	Sampling time
	7
	336
	25.391
	< 0.001

	TN
	Soil depth
	2
	32
	5505.561
	< 0.001

	TN
	Fire severity × sampling time
	21
	336
	4.380
	< 0.001

	TN
	Fire severity × soil depth
	6
	32
	7.466
	< 0.001

	TN
	Sampling time × soil depth
	14
	336
	2.949
	< 0.001

	TN
	Fire severity × sampling time × soil depth
	42
	336
	1.525
	0.024

	AP
	Fire severity
	3
	16
	62.875
	< 0.001

	AP
	Sampling time
	7
	336
	290.346
	< 0.001

	AP
	Soil depth
	2
	32
	293.979
	< 0.001

	AP
	Fire severity × sampling time
	21
	336
	48.642
	< 0.001

	AP
	Fire severity × soil depth
	6
	32
	9.206
	< 0.001

	AP
	Sampling time × soil depth
	14
	336
	21.492
	< 0.001

	AP
	Fire severity × sampling time × soil depth
	42
	336
	5.204
	< 0.001


Notes: Final repeated-measures linear mixed-effects models were fitted by REML. Fire severity, sampling time, soil depth, and all interactions were fixed effects; plot identity and the soil-depth series nested within plot were random intercepts, and AR(1) correlation represented repeated surveys within each plot × depth series. P values are from marginal F tests.

Table S2c. Tukey-adjusted pairwise comparisons among fire-severity classes for surface-soil chemical properties at the first sampling survey.
	Variable
	Contrast
	Mean difference
	95% CI
	Tukey-adjusted P

	pH
	UB − LS
	-0.300
	-0.483 to -0.117
	0.001

	pH
	UB − MS
	-0.616
	-0.799 to -0.433
	< 0.001

	pH
	UB − HS
	-0.832
	-1.015 to -0.649
	< 0.001

	pH
	LS − MS
	-0.316
	-0.499 to -0.133
	< 0.001

	pH
	LS − HS
	-0.532
	-0.715 to -0.349
	< 0.001

	pH
	MS − HS
	-0.216
	-0.399 to -0.033
	0.018

	SOC (g kg⁻¹)
	UB − LS
	8.432
	4.630 to 12.234
	< 0.001

	SOC (g kg⁻¹)
	UB − MS
	15.238
	11.436 to 19.040
	< 0.001

	SOC (g kg⁻¹)
	UB − HS
	19.524
	15.722 to 23.326
	< 0.001

	SOC (g kg⁻¹)
	LS − MS
	6.806
	3.004 to 10.608
	< 0.001

	SOC (g kg⁻¹)
	LS − HS
	11.092
	7.290 to 14.894
	< 0.001

	SOC (g kg⁻¹)
	MS − HS
	4.286
	0.484 to 8.088
	0.025

	TN (g kg⁻¹)
	UB − LS
	0.224
	0.016 to 0.432
	0.033

	TN (g kg⁻¹)
	UB − MS
	0.404
	0.196 to 0.612
	< 0.001

	TN (g kg⁻¹)
	UB − HS
	0.558
	0.350 to 0.766
	< 0.001

	TN (g kg⁻¹)
	LS − MS
	0.180
	-0.028 to 0.388
	0.103

	TN (g kg⁻¹)
	LS − HS
	0.334
	0.126 to 0.542
	0.002

	TN (g kg⁻¹)
	MS − HS
	0.154
	-0.054 to 0.362
	0.191

	AP (mg kg⁻¹)
	UB − LS
	-15.240
	-18.974 to -11.506
	< 0.001

	AP (mg kg⁻¹)
	UB − MS
	-30.000
	-33.734 to -26.266
	< 0.001

	AP (mg kg⁻¹)
	UB − HS
	-41.660
	-45.394 to -37.926
	< 0.001

	AP (mg kg⁻¹)
	LS − MS
	-14.760
	-18.494 to -11.026
	< 0.001

	AP (mg kg⁻¹)
	LS − HS
	-26.420
	-30.154 to -22.686
	< 0.001

	AP (mg kg⁻¹)
	MS − HS
	-11.660
	-15.394 to -7.926
	< 0.001


Notes: Comparisons are based on the first survey (~1 month after fire) in D1 (0–10 cm). Mean differences are reported as the first class minus the second class. P values are Tukey-adjusted for all six pairwise contrasts among UB, LS, MS, and HS within each soil property. UB, unburned; LS, low severity; MS, moderate severity; HS, high severity.

Table S3. Exponential decay model parameters, half-life, R2, and RMSE.
	Fire severity
	Model
	a
	b
	c
	Half-life
	RMSE
	R2

	LS
	
	3.394
	0.132
	0.618
	5.257
	0.207
	0.966

	MS
	
	6.841
	0.144
	0.613
	4.803
	0.160
	0.995

	HS
	
	8.951
	0.109
	0.597
	6.339
	0.195
	0.995


Notes: LS, low severity; MS, moderate severity; HS, high severity. Exponential decay models were fitted separately for each fire-severity class using months after the April 2022 wildfire as the time variable (1, 7, 13, 19, 25, 31, 37, and 43 months). The fitted model was , where t is months after fire. Parameter a is the decay amplitude above the asymptotic residual level, b is the decay coefficient, and c is the asymptotic residual mean absolute effect size. The fitted effect size at the first postfire observation (t = 1) is therefore a + c. The half-life of the decaying component was calculated as ln(2)/b and is expressed in months. Model fit is summarized by the coefficient of determination (R2) and the root mean square error (RMSE).
Table S4. Season-stratified mixed-effects model results for spring observations.
	Depth
	Variable
	Severity χ² (P)
	Same-season year χ² (P)
	Severity × year χ²; df (P)

	D1 (0–10 cm)
	Soil temperature (°C)
	230.31 (< 0.001)
	0.29 (0.962)
	161.58; df = 9 (< 0.001)

	D1 (0–10 cm)
	SWC (%)
	61.18 (< 0.001)
	0.89 (0.827)
	38.48; df = 9 (< 0.001)

	D1 (0–10 cm)
	BD (g cm⁻³)
	82.71 (< 0.001)
	0.55 (0.908)
	67.15; df = 9 (< 0.001)

	D1 (0–10 cm)
	pH
	228.98 (< 0.001)
	1.13 (0.770)
	160.82; df = 9 (< 0.001)

	D1 (0–10 cm)
	SOC (g kg⁻¹)
	249.38 (< 0.001)
	1.86 (0.602)
	128.60; df = 9 (< 0.001)

	D1 (0–10 cm)
	TN (g kg⁻¹)
	54.18 (< 0.001)
	2.15 (0.542)
	29.83; df = 9 (< 0.001)

	D1 (0–10 cm)
	AP (mg kg⁻¹)
	795.00 (< 0.001)
	2.61 (0.456)
	628.67; df = 9 (< 0.001)

	D2 (10–30 cm)
	SWC (%)
	24.98 (< 0.001)
	1.24 (0.743)
	24.86; df = 9 (0.003)

	D2 (10–30 cm)
	BD (g cm⁻³)
	24.92 (< 0.001)
	1.71 (0.636)
	22.99; df = 9 (0.006)

	D2 (10–30 cm)
	pH
	87.03 (< 0.001)
	1.27 (0.735)
	69.57; df = 9 (< 0.001)

	D2 (10–30 cm)
	SOC (g kg⁻¹)
	65.88 (< 0.001)
	5.04 (0.169)
	42.13; df = 9 (< 0.001)

	D2 (10–30 cm)
	TN (g kg⁻¹)
	51.00 (< 0.001)
	6.44 (0.092)
	37.58; df = 9 (< 0.001)

	D2 (10–30 cm)
	AP (mg kg⁻¹)
	537.52 (< 0.001)
	5.12 (0.163)
	468.31; df = 9 (< 0.001)

	D3 (30–50 cm)
	SWC (%)
	22.37 (< 0.001)
	3.34 (0.342)
	24.50; df = 9 (0.004)

	D3 (30–50 cm)
	BD (g cm⁻³)
	6.41 (0.093)
	0.40 (0.940)
	10.64; df = 9 (0.301)

	D3 (30–50 cm)
	pH
	14.71 (0.002)
	1.40 (0.706)
	13.72; df = 9 (0.133)

	D3 (30–50 cm)
	SOC (g kg⁻¹)
	34.70 (< 0.001)
	5.54 (0.136)
	32.08; df = 9 (< 0.001)

	D3 (30–50 cm)
	TN (g kg⁻¹)
	2.04 (0.564)
	3.81 (0.283)
	5.72; df = 9 (0.768)

	D3 (30–50 cm)
	AP (mg kg⁻¹)
	65.05 (< 0.001)
	0.72 (0.867)
	65.88; df = 9 (< 0.001)


Notes: Spring surveys were analyzed separately across four years. Fixed effects were fire severity, same-season survey year, and their interaction. Plot identity was a random intercept and AR(1) correlation represented repeated same-season observations. Soil temperature was analyzed only in D1. P values are from Wald χ² tests.
Table S5. Season-stratified mixed-effects model results for autumn observations.
	Depth
	Variable
	Severity χ² (P)
	Same-season year χ² (P)
	Severity × year χ²; df (P)

	D1 (0–10 cm)
	Soil temperature (°C)
	34.08 (< 0.001)
	1.43 (0.697)
	22.90; df = 9 (0.006)

	D1 (0–10 cm)
	SWC (%)
	18.72 (< 0.001)
	0.92 (0.820)
	15.57; df = 9 (0.076)

	D1 (0–10 cm)
	BD (g cm⁻³)
	32.24 (< 0.001)
	1.68 (0.641)
	24.96; df = 9 (0.003)

	D1 (0–10 cm)
	pH
	69.85 (< 0.001)
	0.61 (0.894)
	53.82; df = 9 (< 0.001)

	D1 (0–10 cm)
	SOC (g kg⁻¹)
	146.12 (< 0.001)
	4.55 (0.208)
	70.49; df = 9 (< 0.001)

	D1 (0–10 cm)
	TN (g kg⁻¹)
	57.20 (< 0.001)
	2.01 (0.570)
	55.42; df = 9 (< 0.001)

	D1 (0–10 cm)
	AP (mg kg⁻¹)
	66.20 (< 0.001)
	1.45 (0.695)
	63.17; df = 9 (< 0.001)

	D2 (10–30 cm)
	SWC (%)
	13.38 (0.004)
	1.03 (0.794)
	13.40; df = 9 (0.145)

	D2 (10–30 cm)
	BD (g cm⁻³)
	18.03 (< 0.001)
	2.81 (0.423)
	17.67; df = 9 (0.039)

	D2 (10–30 cm)
	pH
	30.28 (< 0.001)
	3.21 (0.361)
	18.25; df = 9 (0.032)

	D2 (10–30 cm)
	SOC (g kg⁻¹)
	55.60 (< 0.001)
	0.64 (0.887)
	24.68; df = 9 (0.003)

	D2 (10–30 cm)
	TN (g kg⁻¹)
	17.44 (< 0.001)
	1.73 (0.630)
	29.03; df = 9 (< 0.001)

	D2 (10–30 cm)
	AP (mg kg⁻¹)
	29.82 (< 0.001)
	0.34 (0.951)
	38.88; df = 9 (< 0.001)

	D3 (30–50 cm)
	SWC (%)
	9.69 (0.021)
	2.29 (0.514)
	11.72; df = 9 (0.229)

	D3 (30–50 cm)
	BD (g cm⁻³)
	2.51 (0.474)
	3.35 (0.341)
	13.01; df = 9 (0.162)

	D3 (30–50 cm)
	pH
	8.45 (0.038)
	1.31 (0.726)
	19.70; df = 9 (0.020)

	D3 (30–50 cm)
	SOC (g kg⁻¹)
	16.19 (0.001)
	0.44 (0.931)
	10.70; df = 9 (0.297)

	D3 (30–50 cm)
	TN (g kg⁻¹)
	2.15 (0.543)
	0.12 (0.990)
	13.49; df = 9 (0.142)

	D3 (30–50 cm)
	AP (mg kg⁻¹)
	18.09 (< 0.001)
	1.33 (0.723)
	25.15; df = 9 (0.003)



Notes: Autumn surveys were analyzed separately across four years. Fixed effects were fire severity, same-season survey year, and their interaction. Plot identity was a random intercept and AR(1) correlation represented repeated same-season observations. Soil temperature was analyzed only in D1. P values are from Wald χ² tests.

Table S6. Diagnostic tests for the final linear mixed-effects models.
	Response
	n
	Shapiro–Wilk W
	P
	Levene F
	P
	Transformation

	Soil temperature
	160
	0.987
	0.140
	0.590
	0.955
	None

	Soil water content
	480
	0.996
	0.248
	0.724
	0.971
	None

	Bulk density
	480
	0.997
	0.646
	0.717
	0.974
	None

	pH
	480
	0.998
	0.699
	0.739
	0.962
	None

	SOC
	480
	0.997
	0.587
	0.768
	0.939
	None

	TN
	480
	0.997
	0.388
	0.752
	0.953
	None

	AP
	480
	0.997
	0.645
	0.717
	0.974
	None


Notes: Shapiro–Wilk tests were applied to normalized residuals from the final mixed-effects models. Homogeneity of residual variance was assessed using median-centered Levene tests. All primary models were fitted on the original measurement scales without response-variable transformation.



Table S7. Topography-adjusted sensitivity analysis of severity-associated temporal soil patterns.
	Depth
	Variable
	Adjusted severity χ² (P)
	Adjusted severity × time χ² (P)
	Topography joint χ² (P)

	D1 (0–10 cm)
	Soil temperature
	56.12 (< 0.001)
	152.41 (< 0.001)
	1.87 (0.392)

	D1 (0–10 cm)
	SWC
	31.09 (< 0.001)
	57.73 (< 0.001)
	2.69 (0.260)

	D1 (0–10 cm)
	BD
	35.89 (< 0.001)
	80.27 (< 0.001)
	1.42 (0.493)

	D1 (0–10 cm)
	pH
	78.37 (< 0.001)
	260.99 (< 0.001)
	2.02 (0.364)

	D1 (0–10 cm)
	SOC
	334.32 (< 0.001)
	249.40 (< 0.001)
	13.47 (0.001)

	D1 (0–10 cm)
	TN
	52.19 (< 0.001)
	82.01 (< 0.001)
	1.18 (0.554)

	D1 (0–10 cm)
	AP
	159.59 (< 0.001)
	714.82 (< 0.001)
	1.17 (0.558)

	D2 (10–30 cm)
	SWC
	5.27 (0.153)
	42.66 (0.003)
	1.43 (0.490)

	D2 (10–30 cm)
	BD
	26.77 (< 0.001)
	45.71 (0.001)
	3.91 (0.142)

	D2 (10–30 cm)
	pH
	31.42 (< 0.001)
	88.42 (< 0.001)
	2.05 (0.359)

	D2 (10–30 cm)
	SOC
	97.24 (< 0.001)
	67.32 (< 0.001)
	3.68 (0.159)

	D2 (10–30 cm)
	TN
	22.24 (< 0.001)
	62.38 (< 0.001)
	0.81 (0.668)

	D2 (10–30 cm)
	AP
	35.57 (< 0.001)
	425.13 (< 0.001)
	1.89 (0.389)

	D3 (30–50 cm)
	SWC
	8.61 (0.035)
	33.65 (0.039)
	0.84 (0.656)

	D3 (30–50 cm)
	BD
	3.80 (0.284)
	24.77 (0.257)
	3.31 (0.191)

	D3 (30–50 cm)
	pH
	6.26 (0.100)
	27.45 (0.156)
	0.48 (0.787)

	D3 (30–50 cm)
	SOC
	29.22 (< 0.001)
	40.12 (0.007)
	0.60 (0.742)

	D3 (30–50 cm)
	TN
	4.41 (0.221)
	22.07 (0.395)
	0.10 (0.950)

	D3 (30–50 cm)
	AP
	4.66 (0.198)
	101.06 (< 0.001)
	1.77 (0.414)


Notes: Each soil depth was analyzed separately. Models included fire severity, sampling time, their interaction, standardized elevation, and standardized slope as fixed effects, with plot identity as a random intercept and AR(1) temporal correlation. The topography joint test evaluates elevation and slope together. Aspect was not modeled because all plots were classified as sun-exposed.



[image: FigS1_final_shared-legend]
Fig. S1. Temporal dynamics of deeper-layer soil physical properties across fire-severity classes. Soil water content and bulk density in D2 (10–30 cm) and D3 (30–50 cm) across sampling times. Lines show estimated means from linear mixed-effects models, and shaded bands indicate 95% confidence intervals. UB, unburned; LS, low severity; MS, moderate severity; HS, high severity.
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Fig. S2. Complete temporal trajectories of subsurface-soil chemical properties across fire-severity classes. (a–d) D2 (10–30 cm) and (e–h) D3 (30–50 cm) trajectories of pH, soil organic carbon (SOC), total nitrogen (TN), and available phosphorus (AP) across all eight sampling surveys at approximately 1, 7, 13, 19, 25, 31, 37, and 43 months after the April 2022 wildfire. Points show estimated marginal means, error bars indicate 95% confidence intervals, and lines connect successive sampling surveys within each fire-severity class. UB, unburned; LS, low severity; MS, moderate severity; HS, high severity.
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Fig. S3. Temporal changes in surface-soil PC1 scores across fire-severity classes. Points represent mean PC1 scores, and error bars indicate standard errors. The dashed horizontal line indicates PC1 = 0. PC1 explained 62.6% of the total variance and represented the main integrated soil-condition gradient. UB, unburned; LS, low severity; MS, moderate severity; HS, high severity.
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Fig. S4. Schematic of the repeated field-sampling design and sample-processing workflow. Twenty permanent plots representing four field-defined fire-severity classes (five plots per class) were revisited during eight surveys at approximately 1, 7, 13, 19, 25, 31, 37, and 43 months after the April 2022 wildfire. At each survey, three new soil profiles were sampled within each plot at D1 (0–10 cm), D2 (10–30 cm), and D3 (30–50 cm). Intact cores for physical measurements were analyzed separately and averaged at the plot level, whereas soil subsamples for chemical analyses were composited by plot and depth. Soil temperature was monitored continuously at approximately 3–5 cm depth within D1 using one logger per permanent plot. The permanent plot was the experimental and inferential unit.
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Repeated monitoring at 8 surveys
1,7,13,19, 25, 31, 37, and 43 months after fire

]

Within each permanent plot

Five 2 X 2 m quadrats served as within-plot sampling locations
Three quadrats were used for soil sampling during each survey

'

At each survey: 3 new soil profiles excavated to 50 cm per plot

'

Depth intervals

DI1: 0-10 ecm D2: 10-30 cm D3:30-50 cm
I
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Physical measurements Chemical analyses Soil temperature
100 cm? intact cores :
Ring cutter inserted horizontally 3 soil subsamples per 1 logger per permanent plot
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Sampling structure
Each survey = 60 plot X depth sampling units (20 plots X 3 depths)
Per survey: 180 intact cores for physical measurements
180 field subsamples for chemical analyses, combined into 60 composite chemical samples
Across 8 surveys: 480 repeated plot X depth observations
Soil temperature across 8 surveys = 160 plot X survey observations (20 plots X 8 surveys)
Permanent plot = experimental and inferential unit





