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Daytime heat stress avoidance directly depends on shade provision  
How does heat stress affect pedestrian flow volumes? 

Kaplan Street, Tel Aviv



Circadian Rhythms of Streets

Circadian rhythms are the recurring physical, mental, and 
behavioural changes an organism experiences over a 24-
hour cycle. 

This study examines whether we can apply the concept of 
"circadian rhythms" to the changing volumes of street 
pedestrians, and if so, how pedestrian circadian rhythms 
are affected by climatic conditions. 



Research questions
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1. Can a circadian rhythm of a street be defined by the 
volume of pedestrian movement?



RESEARCH QUESTION

Image source: https://www.telegraph.co.uk/ 

Research questions
1. Can a circadian rhythm of a street be defined by the 

volume of pedestrian movement?
2. Can a link be drawn between the circadian rhythm of 

a street and changing seasonal conditions?



Image source: https://www.telegraph.co.uk/ 

1. Can a circadian rhythm of a street be defined by the 
volume of pedestrian movement?

2. Can a link be drawn between the circadian rhythm of 
a street and changing seasonal conditions?

3. Is the ratio of male-to-female pedestrians in the 
street subject to temporal changes?

Research questions



Sporadic manual counts are not well- suited to 
define the circadian rhythm of a street 

and its irregularities throughout the year

Pedestrian counting methods

Manual Counting:
• On-site 
• Video samples

Focuses on pedestrian flow volumes 
during peak time and avoids irregular 
events. 

Manual counts are sample-based 
and, therefore, limited in the picture 
they draw. 

Image source: Ali Express Image source: https://altatherapies.com/



Video stream: Machine Vision 
counts. The data can be verified, 
and existing CCTV infrastructure 
can be used. 

Sensors: Limited verification 
process. Requires investment in 
dedicated infrastructure.  

Bluetooth/Cellular: Does not count 
people who do not engage with BT 
technology. Difficult to distinguish 
between pedestrians and other 
forms of movement. 

Image source: Cynapse

Image source: City of Melbourne Pedestrian Counting System

Pedestrian counting methods



Tel Aviv-Yafo alone has 1,200 security cameras. 
Additional cameras for other purposes total 4,500 CCTV 
city cameras.

Data collection potential using CCTV cameras 



Pedestrian counting: Vision AI 
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Case study: Kaplan Street, Tel Aviv-Yafo

Main street and thoroughfare street, CBD area, HaKirya military base, essential public services, residential, leisure 



Kaplan Street and its surroundings, shade map of Tel Aviv-Yafo (detail). 

Severe lack of shade

Case study: Kaplan Street, Tel Aviv-Yafo



Camera 1

Camera 4

Source: Simplex 3D

Cynapse: מקורSimplex3D: מקור

Source: Cynapse

Camera 5

Number of pedestrian counts on each camera: 
Camera 1 - 2,489,263
Camera 4 - 2,007,337
Camera 5 - 3,710,909
A total of 8,207,509 pedestrians

Monitoring period: August 2022 till October 2023

The difference in pedestrian counts between 

cameras 1 and 4 suggests that physical and 

functional differences along a single street may 

impact pedestrian counts.  

Camera 5 was located at a T junction and 

recorded two perpendicular movements, not only 

on Kaplan Street. Therefore, it was excluded from 
further analysis. 

Case study: Kaplan Street, Tel Aviv-Yafo
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Orthophotos showing the area 

covered by both cameras and the lack 

of shading on the sidewalk at different 

times on 6 August

Camera 4Camera 1

Case study: Kaplan Street, Tel Aviv-Yafo



Pedestrian detection validation process 

Camera 01 Accuracy

Date Time Day Count 

10/11/2022   17:00:03-17:09:59 Tuesday 99%

29/12/2022 18:00:38-18:09:59 Thursday 99%

04/01/2023  09:52:07-10:17:56 Thursday 92%

07/02/2023 09:00:14-09:29:59 Saturday 100%

15/03/2023 11:00:13-11:09:10 Friday 100%

02/04/2023 11:50:05-11:59:58 Tuesday 100%

23/05/2023 14:50:00-14:58:47 Thursday 83%

08/06/2023  17:01:00-17:10:00 Saturday 87%

20/07/2023  21:00:03-21:07:04 Thursday 96%

21/08/2023 15:00:12-15:09:58 Sunday 98%

06/09/2023 15:01:12-15:09:53 Wednesday 91%

02/10/2023 14:00:13-14:20:00 Monday 88%

Total accuracy 94%

Camera 04 Accuracy

Date Time Day Count 

10/11/2022 17:00:02-17:09:52 Tuesday 100%

12/11/2022 13:00:07-13:09:57 Saturday 100%

21/11/2022 14:00:54-14:10:00 Sunday 100%

29/12/2022 18:00:41-18:09:56 Thursday 100%

04/01/2023 09:57:02-10:31:53 Thursday 99%

07/02/2023 09:00:03-09:29:17 Saturday 100%

15/03/2023 11:00:203-11:09:09 Friday 100%

02/04/2023 11:50:10-12:00:00 Tuesday 100%

23/05/2023 14:50:03-14:59:55 Thursday 100%

08/06/2023  17:01:00-17:10:00 Saturday 100%

20/07/2023 21:00:02-21:06:37 Thursday 93%

21/08/2023 15:00:12-15:09:58 Sunday 97%

06/09/2023 15:01:57-15:09:53 Wednesday 94%

02/10/2023 14:00:13-14:19:58 Monday 99%

Total Accuracy 99%



Weekdays (average)
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Camera 1

Results: Weekly overview (weekdays, Fridays, Saturdays)
Distinctive seasonal difference, noticeable mainly on weekdays



Results: Monthly averages (weekdays) 

Seasonal differences were more 

pronounced on Camera 1 than on 

Camera 4. 

Both cameras recorded higher 

pedestrian volumes in the hot 

season, including during the daytime 

when heat stress is at its highest 

level. 

Camera 1

Camera 4



Results: Monthly averages (weekdays) 
Distinct seasonal changes, different on each camera 

Camera 1Camera 4



Camera 1Camera 4

Results: Hourly averages (weekdays)

Circadian rhythms are evident. 

Different pedestrian flow volumes and their daily patterns are seen 
on each camera. 

Throughout the whole period (1.10.2022-30.9.2023 )
Average during the cold period (1.10.2022-31.3.2023 )
Average during the hot period (1.4.2023-30.9.2023)

-----



Camera 1 - FridaysCamera 4 - Fridays

Camera 1 – SaturdaysCamera 4 - Saturdays

Circadian rhythms are evident. 
Different pedestrian flow volumes and their daily 
patterns are seen on each camera. 

The results on Saturdays were significantly influenced 
by massive demonstrations that took place each 
Saturday night in 2023. 

Results: Hourly averages (Fridays and Saturdays)

Throughout the whole period (1.10.2022-30.9.2023 )
Average during the cold period (1.10.2022-31.3.2023 )
Average during the hot period (1.4.2023-30.9.2023)

-----



Results: Average hourly heat stress index and average hourly pedestrian count per day
The volume of pedestrians rises during the high heat stress period till mid-July.



Results: Average hourly heat index and pedestrian count at different hours for the entire period 
A rise in pedestrian volume occurs in tandem with the rise in heat stress.

9:00 13:00

17:00 21:00



Results: Daily precipitation and average hourly pedestrian count
No significant relation was detected.



Results: Average hourly precipitation and pedestrian counts 
No strong correlation was detected between heavy rains and a decrease in pedestrian counts. 

November 2022 December 2022 January 2023

February 2023 March 2023 April 2023



Results: Male-female average monthly ratio per hour (percentage of males)
Can we rely on VAI gender detection? 

Male

Female

Camera 1

Camera 4

Year Month 0:00 1:00 2:00 3:00 4:00 5:00 6:00 7:00 8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00

2022 August 65% 68% 59% 55% 52% 58% 50% 44% 43% 36% 33% 35% 41% 40% 36% 31% 27% 31% 36% 47% 63% 62% 65% 65%

2022 September 49% 44% 71% 55% 10% 70% 51% 35% 33% 26% 30% 20% 28% 31% 28% 18% 18% 30% 38% 46% 46% 39% 49% 50%

2022 October #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

2022 November 67% 64% 70% 72% 63% 64% 61% 53% 43% 43% 50% 52% 51% 52% 51% 46% 47% 57% 58% 61% 63% 64% 64% 64%

2022 December 65% 63% 59% 56% 65% 56% 66% 53% 49% 53% 55% 51% 51% 55% 51% 48% 45% 55% 57% 59% 60% 61% 62% 67%

2023 January 62% 55% 54% 64% 71% 60% 63% 53% 47% 51% 55% 56% 55% 57% 53% 48% 45% 55% 61% 63% 63% 64% 64% 66%

2023 February 64% 64% 62% 55% 76% 64% 58% 48% 47% 51% 52% 51% 53% 55% 50% 50% 47% 49% 61% 63% 64% 63% 66% 67%

2023 March 58% 60% 55% 55% 63% 60% 55% 52% 47% 47% 47% 49% 54% 54% 50% 50% 48% 45% 53% 54% 57% 59% 58% 58%

2023 April 63% 57% 55% 75% 72% 59% 56% 49% 42% 41% 42% 44% 49% 48% 44% 42% 46% 44% 49% 46% 56% 58% 59% 57%

2023 May 57% 54% 55% 58% 47% 39% 42% 34% 28% 24% 24% 23% 28% 32% 29% 29% 30% 32% 32% 31% 52% 55% 58% 54%

2023 June 27% 18% 33% 0% 0% 4% 12% 13% 16% 13% 11% 10% 12% 13% 8% 8% 9% 8% 14% 11% 26% 29% 30% 29%

2023 July 62% 62% 68% 67% 80% 58% 55% 46% 44% 46% 45% 46% 51% 53% 49% 50% 53% 50% 52% 50% 54% 57% 55% 59%

2023 August 65% 62% 62% 68% 66% 59% 51% 48% 45% 45% 47% 51% 52% 51% 48% 49% 49% 49% 49% 51% 55% 54% 57% 61%

2023 September 63% 67% 64% 68% 73% 65% 55% 43% 44% 47% 49% 51% 57% 54% 48% 47% 49% 51% 49% 52% 56% 56% 57% 61%

2023 October #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

Year Month 0:00 1:00 2:00 3:00 4:00 5:00 6:00 7:00 8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00

2022 August 63% 70% 67% 62% 67% 60% 67% 59% 54% 52% 54% 54% 60% 58% 54% 55% 54% 54% 54% 56% 60% 60% 59% 64%

2022 September 67% 72% 75% 75% 66% 46% 64% 53% 53% 55% 57% 55% 62% 64% 56% 56% 58% 57% 56% 62% 64% 57% 64% 65%

2022 October 73% 78% 69% 62% 72% 54% 71% 62% 53% 55% 57% 60% 63% 60% 53% 54% 54% 57% 61% 66% 64% 65% 64% 69%

2022 November 74% 69% 79% 69% 67% 56% 73% 61% 61% 58% 60% 61% 62% 60% 58% 55% 55% 65% 67% 67% 67% 68% 67% 67%

2022 December 75% 77% 79% 69% 61% 60% 72% 63% 61% 60% 61% 60% 62% 60% 58% 57% 55% 63% 65% 66% 68% 66% 70% 73%

2023 January 74% 69% 72% 75% 61% 43% 76% 67% 61% 61% 62% 62% 64% 65% 62% 59% 55% 63% 68% 68% 71% 71% 71% 75%

2023 February 68% 64% 65% 79% 53% 48% 74% 67% 66% 63% 64% 64% 66% 64% 63% 61% 59% 61% 67% 67% 68% 68% 68% 72%

2023 March 61% 64% 53% 49% 62% 56% 65% 61% 59% 59% 54% 53% 53% 58% 54% 53% 52% 52% 55% 57% 59% 60% 61% 61%

2023 April 74% 72% 81% 54% 67% 61% 69% 63% 60% 58% 60% 57% 62% 57% 55% 54% 55% 56% 58% 57% 60% 60% 61% 62%

2023 May 62% 69% 70% 56% 45% 65% 63% 58% 54% 54% 54% 53% 55% 52% 50% 50% 50% 54% 52% 51% 49% 49% 49% 49%

2023 June 47% 53% 52% 56% 57% 68% 66% 58% 55% 54% 53% 54% 52% 51% 49% 49% 50% 52% 49% 49% 41% 37% 38% 39%

2023 July 53% 55% 62% 68% 72% 63% 69% 60% 59% 57% 56% 57% 56% 56% 50% 52% 53% 58% 55% 56% 44% 43% 42% 45%

2023 August 50% 54% 52% 55% 60% 67% 60% 58% 57% 53% 57% 55% 51% 48% 53% 50% 53% 59% 54% 44% 44% 40% 43% 44%

2023 September 56% 48% 48% 48% 62% 51% 69% 58% 60% 58% 57% 55% 57% 56% 48% 47% 54% 55% 55% 49% 41% 46% 41% 41%

2023 October #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A



Kaplan Street, Tel Aviv-Yafo

Source: Simplex 3D

Conclusions 
• Different daily street circadian rhythms can 

be detected by measuring pedestrian flow 
volume on weekdays, Fridays, and Saturdays. 

• The considerably higher pedestrian flow 
volumes recorded during the hot summer 
indicate the strong attraction of the street 
and underscore the need for climatic 
protection from heat using shading elements. 

• Precipitation events did not seem to affect 
pedestrian flow volumes on the street. 

• Different pedestrian flow patterns were 
detected at different locations along the 
same footpath. 

• High-resolution pedestrian count over long 
stretches of time can reveal a complex 
picture and sometimes unpredictable 
pedestrian behaviour on different days and 
seasons. 

• CCTV has a high potential to capture 
pedestrian flow patterns that are hard to 
detect using other pedestrian count methods. 


