Supplementary Table 1. Descriptive summary of variables excluding weather-related variables in the primary dataset.
	Variable
	Error occurrence in accident hotspots (Number, percentage, 95% confidence interval)
	Total
(Number, percentage, 95% confidence interval)

	
	No
	Yes
	

	Error type
	

	Harsh deceleration
	1411 (99.51%)(99.14-99.87)
	7 (0.49%)(0.13-0.86)
	1418 (0.09%)(0.08-0.09)

	Harsh acceleration
	15403 (99.88%)(99.83-99.94)
	18 (0.12%)(0.06-0.17)
	15421 (0.97%)(0.96-0.99)

	Harsh turning
	882120 (97.67%)(97.64-97.71)
	21004 (2.33%)(2.29-2.36)
	903124 (57.02%)(56.95-57.1)

	Over speed
	194503 (98.97%)(98.93-99.02)
	2015 (1.03%)(0.98-1.07)
	196518 (12.41%)(12.36-12.46)

	Fatigue
	460756 (98.59%)(98.56-98.63)
	6574 (1.41%)(1.37-1.44)
	467330 (29.51%)(29.44-29.58)

	Road Types
	

	trunk
	807402 (98.05%)(98.02-98.08)
	16049 (1.95%)(1.92-1.98)
	823451 (51.99%)(51.91-52.07)

	motorway
	235650 (97.55%)(97.49-97.62)
	5910 (2.45%)(2.38-2.51)
	241560 (15.25%)(15.2-15.31)

	primary
	326734 (98.19%)(98.15-98.24)
	6011 (1.81%)(1.76-1.85)
	332745 (21.01%)(20.95-21.07)

	secondary
	113914 (98.76%)(98.69-98.82)
	1432 (1.24%)(1.18-1.31)
	115346 (7.28%)(7.24-7.32)

	tertiary
	41600 (99.56%)(99.5-99.62)
	184 (0.44%)(0.38-0.5)
	41784 (2.64%)(2.61-2.66)

	residential
	25479 (99.92%)(99.89-99.96)
	20 (0.08%)(0.04-0.11)
	25499 (1.61%)(1.59-1.63)

	minor roads
	3414 (99.65%)(99.45-99.85)
	12 (0.35%)(0.15-0.55)
	3426 (0.22%)(0.21-0.22)

	Season
	

	Autumn
	409210 (98.18%)(98.14-98.22)
	7601 (1.82%)(1.78-1.86)
	416811 (26.32%)(26.25-26.39)

	Spring
	296437 (98.1%)(98.06-98.15)
	5727 (1.9%)(1.85-1.94)
	302164 (19.08%)(19.02-19.14)

	Summer
	405792 (98.06%)(98.01-98.1)
	8044 (1.94%)(1.9-1.99)
	413836 (26.13%)(26.06-26.2)

	Winter
	442754 (98.17%)(98.13-98.21)
	8246 (1.83%)(1.79-1.87)
	451000 (28.48%)(28.41-28.55)

	Month
	

	January
	174309 (98.15%)(98.09-98.22)
	3280 (1.85%)(1.78-1.91)
	177589 (11.21%)(11.16-11.26)

	February
	155370 (98.13%)(98.06-98.19)
	2967 (1.87%)(1.81-1.94)
	158337 (10.0%)(9.95-10.04)

	March
	80220 (98.37%)(98.28-98.46)
	1329 (1.63%)(1.54-1.72)
	81549 (5.15%)(5.11-5.18)

	April
	80316 (98.25%)(98.16-98.34)
	1430 (1.75%)(1.66-1.84)
	81746 (5.16%)(5.13-5.2)

	May
	113599 (98.05%)(97.97-98.13)
	2254 (1.95%)(1.87-2.03)
	115853 (7.31%)(7.27-7.36)

	June
	130300 (97.98%)(97.9-98.05)
	2691 (2.02%)(1.95-2.1)
	132991 (8.4%)(8.35-8.44)

	July
	131044 (98.07%)(98.0-98.15)
	2576 (1.93%)(1.85-2.0)
	133620 (8.44%)(8.39-8.48)

	August
	126511 (98.04%)(97.96-98.12)
	2529 (1.96%)(1.88-2.04)
	129040 (8.15%)(8.1-8.19)

	September
	139083 (98.03%)(97.96-98.1)
	2792 (1.97%)(1.9-2.04)
	141875 (8.96%)(8.91-9.0)

	October
	145414 (98.12%)(98.05-98.19)
	2790 (1.88%)(1.81-1.95)
	148204 (9.36%)(9.31-9.4)

	November
	133100 (98.23%)(98.16-98.3)
	2395 (1.77%)(1.7-1.84)
	135495 (8.55%)(8.51-8.6)

	December
	144927 (98.25%)(98.18-98.31)
	2585 (1.75%)(1.69-1.82)
	147512 (9.31%)(9.27-9.36)

	Ambient light situation
	

	daylight
	741175 (98.29%)(98.26-98.32)
	12869 (1.71%)(1.68-1.74)
	754044 (47.61%)(47.53-47.69)

	nighttime
	657856 (97.93%)(97.9-97.97)
	13891 (2.07%)(2.03-2.1)
	671747 (42.41%)(42.34-42.49)

	twilight
	155162 (98.19%)(98.13-98.26)
	2858 (1.81%)(1.74-1.87)
	158020 (9.98%)(9.93-10.02)

	Day name
	

	Friday
	205304 (98.06%)(98.0-98.12)
	4059 (1.94%)(1.88-2.0)
	209363 (13.22%)(13.17-13.27)

	Monday
	220217 (98.08%)(98.02-98.14)
	4309 (1.92%)(1.86-1.98)
	224526 (14.18%)(14.12-14.23)

	Saturday
	227097 (98.22%)(98.17-98.27)
	4116 (1.78%)(1.73-1.83)
	231213 (14.6%)(14.54-14.65)

	Sunday
	232270 (98.17%)(98.12-98.23)
	4327 (1.83%)(1.77-1.88)
	236597 (14.94%)(14.88-14.99)

	Thursday
	218407 (98.13%)(98.07-98.18)
	4170 (1.87%)(1.82-1.93)
	222577 (14.05%)(14.0-14.11)

	Tuesday
	221658 (98.12%)(98.07-98.18)
	4236 (1.88%)(1.82-1.93)
	225894 (14.26%)(14.21-14.32)

	Wednesday
	229240 (98.12%)(98.06-98.17)
	4401 (1.88%)(1.83-1.94)
	233641 (14.75%)(14.7-14.81)

	Day type
	

	Friday
	175018 (98.08%)(98.01-98.14)
	3433 (1.92%)(1.86-1.99)
	178451 (11.27%)(11.22-11.32)

	Holiday
	23513 (98.03%)(97.86-98.21)
	472 (1.97%)(1.79-2.14)
	23985 (1.51%)(1.5-1.53)

	Long holidays
	90782 (98.14%)(98.05-98.23)
	1722 (1.86%)(1.77-1.95)
	92504 (5.84%)(5.8-5.88)

	Pre long holidays
	34425 (98.07%)(97.93-98.22)
	677 (1.93%)(1.78-2.07)
	35102 (2.22%)(2.19-2.24)

	Thursday
	186787 (98.13%)(98.07-98.19)
	3564 (1.87%)(1.81-1.93)
	190351 (12.02%)(11.97-12.07)

	Workdays
	1043668 (98.14%)(98.12-98.17)
	19750 (1.86%)(1.83-1.88)
	1063418 (67.14%)(67.07-67.22)

	Hour
	
	
	

	0
	54559 (97.52%)(97.39-97.65)
	1388 (2.48%)(2.35-2.61)
	55947 (3.53%)(3.5-3.56)

	1
	63802 (97.74%)(97.63-97.85)
	1475 (2.26%)(2.15-2.37)
	65277 (4.12%)(4.09-4.15)

	2
	78362 (97.85%)(97.75-97.95)
	1722 (2.15%)(2.05-2.25)
	80084 (5.06%)(5.02-5.09)

	3
	86234 (97.71%)(97.61-97.81)
	2022 (2.29%)(2.19-2.39)
	88256 (5.57%)(5.54-5.61)

	4
	79105 (97.8%)(97.7-97.9)
	1779 (2.2%)(2.1-2.3)
	80884 (5.11%)(5.07-5.14)

	5
	77886 (98.13%)(98.03-98.22)
	1488 (1.87%)(1.78-1.97)
	79374 (5.01%)(4.98-5.05)

	6
	88279 (98.34%)(98.26-98.43)
	1488 (1.66%)(1.57-1.74)
	89767 (5.67%)(5.63-5.7)

	7
	77382 (98.67%)(98.59-98.75)
	1045 (1.33%)(1.25-1.41)
	78427 (4.95%)(4.92-4.99)

	8
	58098 (98.8%)(98.71-98.89)
	707 (1.2%)(1.11-1.29)
	58805 (3.71%)(3.68-3.74)

	9
	48698 (98.46%)(98.35-98.57)
	763 (1.54%)(1.43-1.65)
	49461 (3.12%)(3.1-3.15)

	10
	46618 (98.54%)(98.44-98.65)
	689 (1.46%)(1.35-1.56)
	47307 (2.99%)(2.96-3.01)

	11
	48098 (98.44%)(98.33-98.55)
	760 (1.56%)(1.45-1.67)
	48858 (3.08%)(3.06-3.11)

	12
	49775 (98.43%)(98.32-98.54)
	795 (1.57%)(1.46-1.68)
	50570 (3.19%)(3.17-3.22)

	13
	55593 (98.27%)(98.17-98.38)
	977 (1.73%)(1.62-1.83)
	56570 (3.57%)(3.54-3.6)

	14
	59682 (97.83%)(97.71-97.94)
	1325 (2.17%)(2.06-2.29)
	61007 (3.85%)(3.82-3.88)

	15
	57060 (97.81%)(97.69-97.92)
	1280 (2.19%)(2.08-2.31)
	58340 (3.68%)(3.65-3.71)

	16
	69412 (98.15%)(98.06-98.25)
	1305 (1.85%)(1.75-1.94)
	70717 (4.46%)(4.43-4.5)

	17
	73503 (98.1%)(98.01-98.2)
	1420 (1.9%)(1.8-1.99)
	74923 (4.73%)(4.7-4.76)

	18
	79693 (98.27%)(98.18-98.36)
	1400 (1.73%)(1.64-1.82)
	81093 (5.12%)(5.09-5.15)

	19
	81109 (98.19%)(98.1-98.28)
	1495 (1.81%)(1.72-1.9)
	82604 (5.22%)(5.18-5.25)

	20
	67335 (98.18%)(98.08-98.28)
	1245 (1.82%)(1.72-1.92)
	68580 (4.33%)(4.3-4.36)

	21
	56581 (97.89%)(97.77-98.0)
	1222 (2.11%)(2.0-2.23)
	57803 (3.65%)(3.62-3.68)

	22
	48594 (98.26%)(98.15-98.38)
	860 (1.74%)(1.62-1.85)
	49454 (3.12%)(3.1-3.15)

	23
	48735 (98.05%)(97.93-98.17)
	968 (1.95%)(1.83-2.07)
	49703 (3.14%)(3.11-3.17)

	Province
	
	
	

	Alborz
	48770 (98.01%)(97.89-98.14)
	989 (1.99%)(1.86-2.11)
	49759 (3.14%)(3.11-3.17)

	Ardabil
	24379 (99.98%)(99.96-100.0)
	5 (0.02%)(0.0-0.04)
	24384 (1.54%)(1.52-1.56)

	Azerbaijan, East
	54550 (98.45%)(98.35-98.55)
	858 (1.55%)(1.45-1.65)
	55408 (3.5%)(3.47-3.53)

	Azerbaijan, West
	7336 (99.66%)(99.53-99.79)
	25 (0.34%)(0.21-0.47)
	7361 (0.46%)(0.45-0.48)

	Bushehr
	189520 (98.58%)(98.53-98.64)
	2722 (1.42%)(1.36-1.47)
	192242 (12.14%)(12.09-12.19)

	Chahar Mahaal and Bakhtiari
	14824 (99.25%)(99.11-99.39)
	112 (0.75%)(0.61-0.89)
	14936 (0.94%)(0.93-0.96)

	Fars
	98466 (95.94%)(95.81-96.06)
	4172 (4.06%)(3.94-4.19)
	102638 (6.48%)(6.44-6.52)

	Gilan
	38387 (98.56%)(98.44-98.68)
	560 (1.44%)(1.32-1.56)
	38947 (2.46%)(2.43-2.48)

	Golestan
	11911 (89.48%)(88.95-90.0)
	1401 (10.52%)(10.0-11.05)
	13312 (0.84%)(0.83-0.85)

	Hamadan
	34070 (93.39%)(93.14-93.65)
	2411 (6.61%)(6.35-6.86)
	36481 (2.3%)(2.28-2.33)

	Hormozgan
	17683 (99.8%)(99.73-99.86)
	36 (0.2%)(0.14-0.27)
	17719 (1.12%)(1.1-1.14)

	Ilam
	23190 (96.67%)(96.45-96.9)
	798 (3.33%)(3.1-3.55)
	23988 (1.51%)(1.5-1.53)

	Isfahan
	206316 (99.49%)(99.46-99.52)
	1059 (0.51%)(0.48-0.54)
	207375 (13.09%)(13.04-13.15)

	Kerman
	45796 (99.79%)(99.74-99.83)
	98 (0.21%)(0.17-0.26)
	45894 (2.9%)(2.87-2.92)

	Kermanshah
	12579 (98.63%)(98.43-98.83)
	175 (1.37%)(1.17-1.57)
	12754 (0.81%)(0.79-0.82)

	Khorasan, North
	19173 (98.7%)(98.54-98.86)
	252 (1.3%)(1.14-1.46)
	19425 (1.23%)(1.21-1.24)

	Khorasan, Razavi
	38295 (99.34%)(99.25-99.42)
	256 (0.66%)(0.58-0.75)
	38551 (2.43%)(2.41-2.46)

	Khorasan, South
	15165 (99.73%)(99.65-99.81)
	41 (0.27%)(0.19-0.35)
	15206 (0.96%)(0.94-0.98)

	Khuzestan
	70383 (94.34%)(94.17-94.5)
	4226 (5.66%)(5.5-5.83)
	74609 (4.71%)(4.68-4.74)

	Kohgiluyeh and Boyer-Ahmad
	11664 (100.0%)(100.0-100.0)
	0 (0.0%)(0.0-0.0)
	11664 (0.74%)(0.72-0.75)

	Kurdistan
	44846 (93.54%)(93.32-93.76)
	3097 (6.46%)(6.24-6.68)
	47943 (3.03%)(3.0-3.05)

	Lorestan
	35153 (98.83%)(98.72-98.94)
	416 (1.17%)(1.06-1.28)
	35569 (2.25%)(2.22-2.27)

	Markazi
	30323 (99.76%)(99.7-99.81)
	74 (0.24%)(0.19-0.3)
	30397 (1.92%)(1.9-1.94)

	Mazandaran
	43148 (99.1%)(99.01-99.18)
	394 (0.9%)(0.82-0.99)
	43542 (2.75%)(2.72-2.77)

	Qazvin
	25718 (96.3%)(96.08-96.53)
	987 (3.7%)(3.47-3.92)
	26705 (1.69%)(1.67-1.71)

	Qom
	53856 (96.14%)(95.98-96.29)
	2165 (3.86%)(3.71-4.02)
	56021 (3.54%)(3.51-3.57)

	Semnan
	18286 (99.46%)(99.35-99.56)
	100 (0.54%)(0.44-0.65)
	18386 (1.16%)(1.14-1.18)

	Sistan and Baluchistan
	33773 (99.85%)(99.81-99.89)
	51 (0.15%)(0.11-0.19)
	33824 (2.14%)(2.11-2.16)

	Tehran
	204730 (99.67%)(99.65-99.7)
	673 (0.33%)(0.3-0.35)
	205403 (12.97%)(12.92-13.02)

	Yazd
	36952 (99.72%)(99.66-99.77)
	105 (0.28%)(0.23-0.34)
	37057 (2.34%)(2.32-2.36)

	Zanjan
	44951 (97.06%)(96.91-97.22)
	1360 (2.94%)(2.78-3.09)
	46311 (2.92%)(2.9-2.95)

	Total
	1554193 (98.13%)(98.11-98.15)
	29618 (1.87%)(1.85-1.89)
	1583811



















Supplementary Table 2. Descriptive summary of variables in the dataset after prediction of weather condition and without any missing values.
	Categorical variables

	Variable
	Error occurrence in accident hotspots (Number, percentage, 95% confidence interval)
	Total
(Number, percentage, 95% confidence interval)

	
	No
	Yes
	

	Error type
	

	Harsh deceleration
	257 (100.0%)(100.0-100.0)
	0 (0.0%)(0.0-0.0)
	257 (0.04%)(0.04-0.05)

	Harsh acceleration
	6457 (99.86%)(99.77-99.95)
	9 (0.14%)(0.05-0.23)
	6466 (1.04%)(1.02-1.07)

	Harsh turning
	360039 (98.04%)(97.99-98.08)
	7215 (1.96%)(1.92-2.01)
	367254 (59.24%)(59.11-59.36)

	Over speed
	75411 (99.32%)(99.26-99.38)
	517 (0.68%)(0.62-0.74)
	75928 (12.25%)(12.17-12.33)

	Fatigue
	167991 (98.77%)(98.72-98.82)
	2092 (1.23%)(1.18-1.28)
	170083 (27.43%)(27.32-27.54)

	Road Types
	

	trunk
	339298 (98.58%)(98.54-98.62)
	4894 (1.42%)(1.38-1.46)
	344192 (55.52%)(55.39-55.64)

	motorway
	84386 (97.84%)(97.75-97.94)
	1861 (2.16%)(2.06-2.25)
	86247 (13.91%)(13.82-14.0)

	primary
	89784 (96.84%)(96.73-96.96)
	2925 (3.16%)(3.04-3.27)
	92709 (14.95%)(14.86-15.04)

	secondary
	75003 (99.8%)(99.77-99.83)
	150 (0.2%)(0.17-0.23)
	75153 (12.12%)(12.04-12.2)

	tertiary
	7607 (99.99%)(99.96-100.0)
	1 (0.01%)(0.0-0.04)
	7608 (1.23%)(1.2-1.25)

	residential
	1300 (100.0%)(100.0-100.0)
	0 (0.0%)(0.0-0.0)
	1300 (0.21%)(0.2-0.22)

	minor roads
	12777 (99.98%)(99.96-100.0)
	2 (0.02%)(0.0-0.04)
	12779 (2.06%)(2.03-2.1)

	Season
	

	Autumn
	157033 (98.38%)(98.32-98.45)
	2579 (1.62%)(1.55-1.68)
	159612 (25.74%)(25.64-25.85)

	Spring
	123078 (98.43%)(98.36-98.5)
	1964 (1.57%)(1.5-1.64)
	125042 (20.17%)(20.07-20.27)

	Summer
	163410 (98.31%)(98.25-98.37)
	2812 (1.69%)(1.63-1.75)
	166222 (26.81%)(26.7-26.92)

	Winter
	166634 (98.53%)(98.48-98.59)
	2478 (1.47%)(1.41-1.52)
	169112 (27.28%)(27.17-27.39)

	Month
	

	January
	60180 (98.54%)(98.44-98.63)
	893 (1.46%)(1.37-1.56)
	61073 (9.85%)(9.78-9.92)

	February
	60010 (98.4%)(98.3-98.5)
	977 (1.6%)(1.5-1.7)
	60987 (9.84%)(9.76-9.91)

	March
	35545 (98.82%)(98.71-98.93)
	424 (1.18%)(1.07-1.29)
	35969 (5.8%)(5.74-5.86)

	April
	34560 (98.58%)(98.45-98.7)
	499 (1.42%)(1.3-1.55)
	35059 (5.65%)(5.6-5.71)

	May
	46491 (98.32%)(98.2-98.43)
	796 (1.68%)(1.57-1.8)
	47287 (7.63%)(7.56-7.69)

	June
	51075 (98.27%)(98.16-98.38)
	900 (1.73%)(1.62-1.84)
	51975 (8.38%)(8.31-8.45)

	July
	52681 (98.33%)(98.22-98.44)
	893 (1.67%)(1.56-1.78)
	53574 (8.64%)(8.57-8.71)

	August
	51840 (98.23%)(98.12-98.35)
	932 (1.77%)(1.65-1.88)
	52772 (8.51%)(8.44-8.58)

	September
	55502 (98.34%)(98.24-98.45)
	936 (1.66%)(1.55-1.76)
	56438 (9.1%)(9.03-9.17)

	October
	55686 (98.27%)(98.16-98.38)
	981 (1.73%)(1.62-1.84)
	56667 (9.14%)(9.07-9.21)

	November
	50675 (98.45%)(98.34-98.55)
	799 (1.55%)(1.45-1.66)
	51474 (8.3%)(8.23-8.37)

	December
	55910 (98.58%)(98.49-98.68)
	803 (1.42%)(1.32-1.51)
	56713 (9.15%)(9.08-9.22)

	Ambient light situation
	

	daylight
	336068 (98.54%)(98.5-98.58)
	4974 (1.46%)(1.42-1.5)
	341042 (55.01%)(54.88-55.13)

	nighttime
	210165 (98.21%)(98.15-98.26)
	3839 (1.79%)(1.74-1.85)
	214004 (34.52%)(34.4-34.64)

	twilight
	63922 (98.43%)(98.33-98.52)
	1020 (1.57%)(1.48-1.67)
	64942 (10.47%)(10.4-10.55)

	Day name
	

	Friday
	78142 (98.39%)(98.3-98.47)
	1282 (1.61%)(1.53-1.7)
	79424 (12.81%)(12.73-12.89)

	Monday
	86078 (98.35%)(98.27-98.44)
	1441 (1.65%)(1.56-1.73)
	87519 (14.12%)(14.03-14.2)

	Saturday
	89393 (98.49%)(98.41-98.56)
	1375 (1.51%)(1.44-1.59)
	90768 (14.64%)(14.55-14.73)

	Sunday
	92371 (98.45%)(98.37-98.53)
	1453 (1.55%)(1.47-1.63)
	93824 (15.13%)(15.04-15.22)

	Thursday
	84893 (98.42%)(98.34-98.5)
	1364 (1.58%)(1.5-1.66)
	86257 (13.91%)(13.83-14.0)

	Tuesday
	89139 (98.39%)(98.31-98.47)
	1458 (1.61%)(1.53-1.69)
	90597 (14.61%)(14.52-14.7)

	Wednesday
	90139 (98.41%)(98.32-98.49)
	1460 (1.59%)(1.51-1.68)
	91599 (14.77%)(14.69-14.86)

	Day type
	

	Friday
	65949 (98.4%)(98.31-98.5)
	1072 (1.6%)(1.5-1.69)
	67021 (10.81%)(10.73-10.89)

	Holiday
	9122 (98.35%)(98.09-98.61)
	153 (1.65%)(1.39-1.91)
	9275 (1.5%)(1.47-1.53)

	Long holidays
	38358 (98.5%)(98.38-98.62)
	585 (1.5%)(1.38-1.62)
	38943 (6.28%)(6.22-6.34)

	Pre long holidays
	14168 (98.33%)(98.12-98.54)
	241 (1.67%)(1.46-1.88)
	14409 (2.32%)(2.29-2.36)

	Thursday
	71955 (98.42%)(98.33-98.51)
	1157 (1.58%)(1.49-1.67)
	73112 (11.79%)(11.71-11.87)

	Workdays
	410603 (98.41%)(98.37-98.45)
	6625 (1.59%)(1.55-1.63)
	417228 (67.3%)(67.18-67.41)

	Hour
	

	0
	16664 (97.37%)(97.13-97.61)
	450 (2.63%)(2.39-2.87)
	17114 (2.76%)(2.72-2.8)

	1
	15806 (97.99%)(97.77-98.21)
	324 (2.01%)(1.79-2.23)
	16130 (2.6%)(2.56-2.64)

	2
	21664 (98.33%)(98.16-98.49)
	369 (1.67%)(1.51-1.84)
	22033 (3.55%)(3.51-3.6)

	3
	22749 (97.68%)(97.48-97.87)
	541 (2.32%)(2.13-2.52)
	23290 (3.76%)(3.71-3.8)

	4
	24045 (97.98%)(97.8-98.15)
	496 (2.02%)(1.85-2.2)
	24541 (3.96%)(3.91-4.01)

	5
	31290 (98.78%)(98.66-98.91)
	385 (1.22%)(1.09-1.34)
	31675 (5.11%)(5.05-5.16)

	6
	47036 (98.94%)(98.84-99.03)
	506 (1.06%)(0.97-1.16)
	47542 (7.67%)(7.6-7.73)

	7
	41514 (98.96%)(98.87-99.06)
	435 (1.04%)(0.94-1.13)
	41949 (6.77%)(6.7-6.83)

	8
	29721 (98.88%)(98.76-98.99)
	338 (1.12%)(1.01-1.24)
	30059 (4.85%)(4.79-4.9)

	9
	22001 (98.6%)(98.44-98.75)
	313 (1.4%)(1.25-1.56)
	22314 (3.6%)(3.55-3.65)

	10
	18542 (98.53%)(98.36-98.7)
	277 (1.47%)(1.3-1.64)
	18819 (3.04%)(2.99-3.08)

	11
	19931 (98.29%)(98.12-98.47)
	346 (1.71%)(1.53-1.88)
	20277 (3.27%)(3.23-3.31)

	12
	20157 (98.56%)(98.39-98.72)
	295 (1.44%)(1.28-1.61)
	20452 (3.3%)(3.25-3.34)

	13
	23782 (98.34%)(98.18-98.5)
	402 (1.66%)(1.5-1.82)
	24184 (3.9%)(3.85-3.95)

	14
	27065 (98.29%)(98.14-98.45)
	470 (1.71%)(1.55-1.86)
	27535 (4.44%)(4.39-4.49)

	15
	22904 (98.41%)(98.25-98.57)
	371 (1.59%)(1.43-1.75)
	23275 (3.75%)(3.71-3.8)

	16
	27425 (98.33%)(98.18-98.48)
	465 (1.67%)(1.52-1.82)
	27890 (4.5%)(4.45-4.55)

	17
	32435 (98.14%)(97.99-98.28)
	615 (1.86%)(1.72-2.01)
	33050 (5.33%)(5.27-5.39)

	18
	34588 (98.43%)(98.3-98.56)
	552 (1.57%)(1.44-1.7)
	35140 (5.67%)(5.61-5.73)

	19
	34583 (98.27%)(98.13-98.4)
	610 (1.73%)(1.6-1.87)
	35193 (5.68%)(5.62-5.73)

	20
	24815 (98.64%)(98.5-98.79)
	341 (1.36%)(1.21-1.5)
	25156 (4.06%)(4.01-4.11)

	21
	18211 (98.6%)(98.43-98.77)
	258 (1.4%)(1.23-1.57)
	18469 (2.98%)(2.94-3.02)

	22
	16172 (98.27%)(98.07-98.47)
	285 (1.73%)(1.53-1.93)
	16457 (2.65%)(2.61-2.69)

	23
	17055 (97.77%)(97.55-97.99)
	389 (2.23%)(2.01-2.45)
	17444 (2.81%)(2.77-2.85)

	Province
	

	Alborz
	4995 (94.78%)(94.18-95.38)
	275 (5.22%)(4.62-5.82)
	5270 (0.85%)(0.83-0.87)

	Ardabil
	137 (100.0%)(100.0-100.0)
	0 (0.0%)(0.0-0.0)
	137 (0.02%)(0.02-0.03)

	Azerbaijan, East
	12419 (98.38%)(98.16-98.6)
	205 (1.62%)(1.4-1.84)
	12624 (2.04%)(2.0-2.07)

	Azerbaijan, West
	871 (99.32%)(98.77-99.86)
	6 (0.68%)(0.14-1.23)
	877 (0.14%)(0.13-0.15)

	Bushehr
	144214 (98.26%)(98.19-98.33)
	2551 (1.74%)(1.67-1.81)
	146765 (23.67%)(23.57-23.78)

	Chahar Mahaal and Bakhtiari
	3117 (99.87%)(99.75-100.0)
	4 (0.13%)(0.0-0.25)
	3121 (0.5%)(0.49-0.52)

	Fars
	22004 (99.73%)(99.66-99.8)
	59 (0.27%)(0.2-0.34)
	22063 (3.56%)(3.51-3.6)

	Gilan
	12212 (98.21%)(97.97-98.44)
	223 (1.79%)(1.56-2.03)
	12435 (2.01%)(1.97-2.04)

	Golestan
	2975 (97.35%)(96.78-97.92)
	81 (2.65%)(2.08-3.22)
	3056 (0.49%)(0.48-0.51)

	Hamadan
	18694 (89.84%)(89.43-90.25)
	2114 (10.16%)(9.75-10.57)
	20808 (3.36%)(3.31-3.4)

	Hormozgan
	11629 (99.84%)(99.76-99.91)
	19 (0.16%)(0.09-0.24)
	11648 (1.88%)(1.84-1.91)

	Ilam
	2 (100.0%)(100.0-100.0)
	0 (0.0%)(0.0-0.0)
	2 (0.0%)(0.0-0.0)

	Isfahan
	90987 (99.35%)(99.3-99.4)
	596 (0.65%)(0.6-0.7)
	91583 (14.77%)(14.68-14.86)

	Kerman
	14991 (99.94%)(99.9-99.98)
	9 (0.06%)(0.02-0.1)
	15000 (2.42%)(2.38-2.46)

	Kermanshah
	5292 (99.44%)(99.24-99.64)
	30 (0.56%)(0.36-0.76)
	5322 (0.86%)(0.84-0.88)

	Khorasan, North
	12626 (99.21%)(99.06-99.37)
	100 (0.79%)(0.63-0.94)
	12726 (2.05%)(2.02-2.09)

	Khorasan, Razavi
	16073 (99.73%)(99.65-99.81)
	43 (0.27%)(0.19-0.35)
	16116 (2.6%)(2.56-2.64)

	Khorasan, South
	5116 (99.82%)(99.71-99.94)
	9 (0.18%)(0.06-0.29)
	5125 (0.83%)(0.8-0.85)

	Khuzestan
	24181 (97.88%)(97.7-98.05)
	525 (2.12%)(1.95-2.3)
	24706 (3.98%)(3.94-4.03)

	Kohgiluyeh and Boyer-Ahmad
	2211 (100.0%)(100.0-100.0)
	0 (0.0%)(0.0-0.0)
	2211 (0.36%)(0.34-0.37)

	Kordestan
	15569 (90.77%)(90.34-91.2)
	1583 (9.23%)(8.8-9.66)
	17152 (2.77%)(2.73-2.81)

	Markazi
	6491 (99.74%)(99.61-99.86)
	17 (0.26%)(0.14-0.39)
	6508 (1.05%)(1.02-1.08)

	Mazandaran
	5336 (99.96%)(99.91-100.0)
	2 (0.04%)(0.0-0.09)
	5338 (0.86%)(0.84-0.88)

	Qazvin
	16781 (96.08%)(95.79-96.37)
	685 (3.92%)(3.63-4.21)
	17466 (2.82%)(2.78-2.86)

	Qom
	550 (100.0%)(100.0-100.0)
	0 (0.0%)(0.0-0.0)
	550 (0.09%)(0.08-0.1)

	Semnan
	3416 (99.07%)(98.75-99.39)
	32 (0.93%)(0.61-1.25)
	3448 (0.56%)(0.54-0.57)

	Sistan and Baluchistan
	14695 (99.78%)(99.71-99.86)
	32 (0.22%)(0.14-0.29)
	14727 (2.38%)(2.34-2.41)

	Tehran
	100365 (99.97%)(99.96-99.98)
	31 (0.03%)(0.02-0.04)
	100396 (16.19%)(16.1-16.28)

	Yazd
	18708 (99.86%)(99.81-99.91)
	26 (0.14%)(0.09-0.19)
	18734 (3.02%)(2.98-3.06)

	Zanjan
	23498 (97.61%)(97.41-97.8)
	576 (2.39%)(2.2-2.59)
	24074 (3.88%)(3.83-3.93)

	Alborz
	4995 (94.78%)(94.18-95.38)
	275 (5.22%)(4.62-5.82)
	5270 (0.85%)(0.83-0.87)

	Weather condition
	

	Clear
	318693 (98.29%)(98.25-98.34)
	5533 (1.71%)(1.66-1.75)
	324226 (52.3%)(52.17-52.42)

	Cloudy
	36291 (98.21%)(98.07-98.34)
	663 (1.79%)(1.66-1.93)
	36954 (5.96%)(5.9-6.02)

	Foggy
	202004 (98.61%)(98.56-98.66)
	2843 (1.39%)(1.34-1.44)
	204847 (33.04%)(32.92-33.16)

	Rainy
	32872 (98.5%)(98.37-98.63)
	500 (1.5%)(1.37-1.63)
	33372 (5.38%)(5.33-5.44)

	Snowy
	6594 (97.4%)(97.02-97.78)
	176 (2.6%)(2.22-2.98)
	6770 (1.09%)(1.07-1.12)

	Storm
	13701 (99.15%)(98.99-99.3)
	118 (0.85%)(0.7-1.01)
	13819 (2.23%)(2.19-2.27)

	Total
	610155 (98.41%)(98.38-98.45)
	9833 (1.59%)(1.55-1.62)
	619988

	Quantitative variables

	Variable (unit)
	Error occurrence in accident hotspots (Mean ± standard deviation)
	total

	
	No
	Yes
	

	Temperature (°C)
	19.82 ± 11.73
	18.07 ± 12.00
	19.79 ± 11.74

	Dew point (°C)
	4.60 ± 9.62
	4.17 ± 8.11
	4.59 ± 9.59

	relative humidity (%)
	45.03 ± 25.32
	48.05 ± 25.59
	45.08 ± 25.33

	wind direction (degrees)
	171.72 ± 113.51
	162.54 ± 111.96
	171.57 ± 113.50

	average wind speed (kilometers per hour)
	10.18 ± 7.54
	9.41 ± 7.45
	10.17 ± 7.54

	sea-level air pressure (hPa)
	1013.85 ± 8.50
	1013.98 ± 7.97
	1013.86 ± 8.49

	* °C: Celsius, hPa: hectopascal


Supplementary Table 3. Models hyperparameters tuning.
	Model name
	Hyperparameters tuning
	Hyperparameters of best performing model

	Logistic regression
	solver = ['newton-cg', 'saga']
penalty = ['none', 'l1', 'l2', '‘elasticnet’']
C = [100, 10, 1.0, 0.1, 0.01]

	best_params = {
'solver': 'newton-cg',
'penalty': 'l2',
'C': 10
}

	K-nearest neighbors (KNN)
	n_neighbors = [3, 5, 7]
weights = ['uniform']
metric = ['euclidean']

	best_params = {
'n_neighbors': 7,
'weights':'uniform',
'metric':'euclidean'
}


	random forest (RF)
	max_depth = [10, 50, 100]
n_estimators = [200, 600, 1000, 1400]

	best_params = {
'max_depth': 50,
'n_estimators': 1400,
}


	Extreme Gradient Boosting (XGBoost)
	max_depth = [5, 10, 20]
n_estimators = [10, 100, 1000]
learning_rate = [0.01, 0.1]

	best_params = {
'max_depth': 10,
'n_estimators': 1000,
'learning_rate': 0.01
}


	Naïve Bayes
	alpha = [1.0, 0.1, 0.01, 0.001]

	best_params = {
'alpha': 0.001
}


	Support vector machine (SVM)
	C = [ 0.01, 1, 100]
penalty= ['l2']

	best_params = {
'C': 100
}


	* For other hyperparameters, the default values provided by the library were used in the model tuning process.





Supplementary Table 4. Evaluation of machine learning models for the prediction of error occurrence in accident hotspots. 
	Model name
	Recall (%)
	Precision (%)
	F1-score (%)
	Weighted F1-score (%)
	Accuracy (%)
	Balanced accuracy (%)
	AUC (%) (95% UI)

	Logistic regression
	83.37
	5.34
	10.04
	84.94
	76.02
	79.63
	85.73 (85.15-86.28)

	K-nearest neighbors (KNN)
	88.22
	5.66
	10.63
	84.83
	76.33
	82.19
	90.09 (89.60 – 90.58)

	Random forest (RF)
	86.73
	7.22
	13.33
	88.66
	81.89
	84.27
	91.14 (90.72 - 91.55)

	Extreme Gradient Boosting (XGBoost)
	88.44
	7.05
	13.06
	88.16
	81.09
	84.70
	91.70 (91.33 – 92.09)

	Naïve Bayes
	84.14
	4.47
	8.50
	81.51
	70.90
	77.41
	84.77 (84.09 - 85.40)

	Support vector machine (SVM)
	83.30
	5.32
	10.01
	84.90
	75.95
	79.57
	82.03 (81.37 - 82.66)




