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ABSTRACT 

Background: Haze crisis in the North Thailand has occurred more than decade. Although four air monitoring stations 

(Air4Thai) are installed in Chiang Mai, three stations are in the city. According to the California Department of Public 

Health, communities have used both measurement devices and visual estimates as the concentration of smog changes 

quickly. Therefore, particle levels are estimated from visual assessments or visual views as another measurement as 

well. This study aims to assess whether human-sighted visual range is reliable or not in Chiang Mai areas. 

Objectives: To determine accuracy of human-sighted visual range to estimating short-term Particulate Matter (PM) 

concentration. 

Methods: A retrospective study was conducted purposively among hospitals and Public Health Office at 25 districts 

in Chiang Mai province where DustBoy air measurement devices were installed and reported air quality including 

PM2.5, PM10, temperature and relative humidity. The human-sighted visual range (Hr) were reported by trained 

health staff following the manual applied from “Wildfire Smoke, A Guide for Public Health Officials”. The Hr were 

reported into six color levels: blue, green, yellow, light orange, dark orange, and red., three times per day in morning 

(9.00), afternoon (13.00) and evening (16.00). Data was collected between April and May 2018. Both data were 

matched according to the date and time, excepted data with relative humidity exceeded 65% were excluded. 

Descriptive statistics described general data and Cohen's kappa statistics analyzed the accuracy of Hr. 

Results: Hr accuracy for PM10 was at a good level (79.21%) while Hr for PM2.5 was not useful (26.49%). 

Conclusion: Human-sighted visual range could be applicable for PM10 assessments for community. However, it 

would not be effective in early-morning, twilight-hours, rainy day, cloudy or humidity >65%. Moreover, personal 

experience and judgment should be of concern. 
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1. Introduction 

More than 80% of people and 97% of cities 

in Global are exposed to air pollutions that 

exceed the World Health Organization 

(WHO) air quality index (AQI) guidelines 

most are particulate matter (PM) [1]. 

Exposure to various air pollutants, including 

PM poses the greatest threat to human health 

because fine particles can travel deeper 

through the respiratory system than larger 

particles [2]. In Thailand, the Upper North 

including Chiang Mai province have faced to 

haze crisis during January to Early May more 

than decade. It is severe both in the 

concentration and the number of days 

exceeded the AQI of the PCD of Thailand 

[3]. Chiang Mai Province covers an area of 

approximately 22,436 square kilometers, the 

largest area in the country and divided into 25 

districts. There are four standard air quality 

stations (Air4Thai) to monitor and report the 

air pollution situation. However, three are at 

central city in Mueang Chiang Mai district. 

Therefore, the report may not reflect and 

represent the pollution situation in rural 

districts. 

In 2018, Climate Change Data Center 

(CCDC), Chiang Mai University has 

developed DustBoy; a low-cost air measuring 

device use light-scattering method [4]. Since, 

there has been a collaboration between 

Regional Health Portion Center 1 Chiang 

Mai and Chiang Mai University to provide 

DustBoy for 25 districts in Chiang Mai for 

report the air pollution situation in rural 

districts. However, due to the most 

characteristics of districts and sub-district 

areas are rural and valleys, the situation 

report from DustBoy devices at the district 

level may not be able to reflect the actual 

situation at the sub-district level. Moreover, 

there was limited budget to provide DustBoy 

cover 204 subdistricts. 

A review of research, there were found that 

estimation Human-sighted Visual Range (Hr) 

[5, 6] was used in many states of the United 

States by observing how far it can be seen and 

then converting the value into the amount of 

short term PM2.5 or PM10 concentration (1 

to 3 hr) for surveillance, risk communication 

and response to prevent and reduce health 

impacts from smog according to the actual 

conditions. This method that people can do 

by themselves. It can be basic information 

used to warn and help people in the rural area. 

According to the California Department of 

Public Health, some of communities do not 

have PM10 detectors devices. It is necessary 

to use observation or visual scenery as 

another device of measurement as well. This 
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is because the concentration of smog changes 

quickly. Therefore, particle levels are 

estimated from visual assessments or visual 

views by determination of the visibility 

distance and average PM2.5 or PM10 levels 

over a period of 1-3, 8, and 24 as shown in 

Figure 1.  

 

Figure 1: Example of determining PM concentration and Human visibility distance (Hr) in the United States. 

2. Methods  

2.1 Study Area  

The study areas were purposive among 

hospitals and public health offices at 25 

districts in Chiang Mai province where 

DustBoy air measurement devices were 

installed and had good signal internet to 

report data.  

2.2 Study Design  

This was a retrospective study conducted 

among 25 district hospitals and health offices 

in Chiang Mai province. Data was collected 

between April and May 2018. Air quality 

Data was automatic reports from DustBoy 

including concentration of PM2.5, PM10, 

temperature and relative humidity. Data of 

human-sighted visual range (Hr) were 

reported by trained public health offices 

following the manual of “Wildfire Smoke, A 

Guide for Public Health Officials” [5, 6]. 

2.3 Sample size and sampling  

The samples were 25 districts of hospitals 

and public health offices, purposively 

selected in Chiang Mai province where 

DustBoy devices were installed, had good 

signal internet to report data, and 2 -3 health 

officer staff per office who were trained in 

monitoring and reporting about human-

sighted visual range (Hr). 

2.4 Research Instruments 

1) Air quality measurement : DustBoy device 

is an outdoor air quality sensor which was 

researched and developed by the Climate 

Change Data Centre (CCDC), Chiang Mai 

University [4]. It can measure PM10, PM2.5, 

temperature and relative humidity with 
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displayed in real time. It’s acceptable level of 

confidence by comparing the measurement 

results with the standard Beta Ray measuring 

device of the Pollution Control Department 

Thailand both at the beginning and after one 

year of using, the end of use, the correlation 

value (Correlation Coefficient R2) equal to 

0.80. Data from DustBoy was automatic 

report via internet to in CCDC sever, Chiang 

Mai University. 

2) Human-sighted visual range guideline : 

this study applied “Wildfire Smoke, A Guide 

for Public Health Officials 2018” [5, 6] to be 

a guideline and for visibility distance, visual 

assessments in Chiang Mai, Thailand as 

shown in Figure 2. 

US EPA (2008) Hr For PM2.5 or PM10 (TH) 

Air Quality  PM2.5 or PM10  

Avg 1-3 hrs. (µg /m-3) 

Visual distance 

(Km.) 

Color report Air Quality 

Good 0 – 38 > 17.0 Blue Good 

Moderate 39 – 88 9.0 – 16.9 Green Moderate 

Sensitive  

Groups 
89 – 138 5.0 – 8.9 Yellow Sensitive Groups 

Unhealthy 139 – 351 3.1 – 4.9 Light Orange Unhealthy 

Very Unhealthy 352 – 526 1.5 – 3.0 Dark Orange Very Unhealthy 

Hazardous > 526 < 1.5 Red Hazardous 

Figure 2: Applying “Wildfire Smoke2018” to human-sighted visual range in Chiang Mai, Thailand 

Visual distances: the distance of observation 

points and targets landmark were calculated 

and set up via Google Map and practice to 2-

3 health officer staff of each district.  

Assess visible range: to estimate visibility in 

kilometers, face away from the sun and 

determine the limit of the visibility range by 

looking for targets at known distances 

(Kilometer). The visible range is the point at 

which even high-contrast objects (e.g., a dark 

building or mountain viewed against the sky 

at noon) totally disappear shown in Figure 3. 
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Figure 3: The visual distances for target landmark setting via Google Map. 

3) Report form: the report form was 

developed by the research team according to 

the guidelines. The data was divided into six 

colors; blue, green, yellow, light orange, dark 

orange, and red, following below and show in 

Figure 4.  

 

Figure 4: Applying visual distance to report PM2.5 and PM10 situation in Chiang Mai, Thailand. 

 

The reporter can choose the method to report; 

online report: three times daily reports 

through the internet to the CCDC server, in 

the morning (9:00), afternoon (13.00) and 
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evening (16.00); manual report(paper): in 

case of internet failure, data were report by 

manual after completed report three times 

daily, collected and sent to researcher 

weekly. 

2.5 Data Collection  

Data were collected from DustBoy device 

and human-sighted visual range (Hr) from 1st 

April to 15 May 2018 as follow. 

1) Data from DustBoy device included 

concentration of PM2.5, PM10, temperature 

and relative humidity which were automatic 

recorded and collected to CCDC sever. Data 

of relative humidity that higher than 65% was 

excluded. 

2) Data from Human-sighted visual range 

(Hr) were reported by 2-3 trained staff of 

district hospital or public health office.  

3) Both data were matched according to the 

corresponding date and time, others were 

excluded. Completed matching data were 

equal to 782 records. 

2.6 Data Analysis  

Descriptive statistics including number and 

percentage were described in general data. 

This study used Cohen's Kappa statistics to 

analyze the accuracy of human-sighted visual 

rage of PM2.5 and PM10. The Kappa statistic 

(K) [7] is frequently used to test interrater 

reliability. The importance of rater reliability 

lies in the fact that it represents the extent to 

which the data collected in the study are 

correct representations of the variables 

measured. Measurement of the extent to 

which data collectors (raters) assign the same 

score to the same variable is called interrater 

reliability. While there have been a variety of 

methods to measure interrater reliability, 

traditionally it was measured as a percentage 

agreement, calculated as the number of 

agreement scores divided by the total number 

of scores. 

The Kappa statistic [8] was diagnostic 

accuracy or percentage agreement  which 

was classified into six levels as no agreement 

(<0), slight agreement (0.0–0.20), fair 

agreement (0.21–0.40), moderate agreement 

(0.41–0.60), substantial agreement (0.61– 

0.80) and almost perfect agreement (0.81– 

1.00) In this study, the multi-contingency 

table (6X6) to analyze Cohen's Kappa 

statistics is based on the study of Marco 

Vanetti [9]. The accuracy of human-sighted 

visual rage of PM2.5 and PM10 for three 

accuracy following:  

1) User’s accuracy: it was calculated by 

percentage of dividing the numbers of 

correctly classified in each color category by 
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the numbers of total completed data (column 

total). 

2) Producer’s accuracy: it was calculated by 

percentage of dividing the numbers of 

correctly classified in each color category by 

the numbers of total completed data (row 

total). 

3) Overall accuracy: represents total 

classification accuracy. It is obtained by 

dividing the total numbers of correctly both 

classified by the total numbers of matching 

data. The drawback of this measure is that it 

does not tell us about how well individual 

classes are classified.  

The diagnostic accuracy or percentage was 

classified into six levels as excellent (90–100 

%), very good (80-90%), good (70–80%), 

sufficient (0.6 - 0.7), bad (0.5 - 0.6), and test 

not useful (< 50%). 

 

2.7 Ethical Clearance  

This research was approved by the Human 

Research Ethics Committee, Department of 

Health, No. 404/2020, sub-project 1.4 

Development of surveillance and risk 

communication system to increase health 

literacy: a case study of haze and PM2.5 

crisis in the North Thailand. 

3. Results  

3.1 Completed matching data 

Figure 5 shows the amount of human-sighted 

visual range reports were 2,971 records and 

DustBoy device reports were 2045 records. 

Then matching data according to the 

corresponding date and time data were 1,598 

records, then excluded data with relative 

humidity exceeded 65%. Finaly the 

completed data were 782 records (54.57%).  

 

Figure 5:  Matching data for date & time and excluded data with relative humidity exceeded 65%.  
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3.2 Accuracy Hr for short-term PM2.5 

concentration 

Table 1: Multi-contingency table (6x6) for 

Classification the matching colours of 

PM2.5. The total matched data was 782 

records. The correctly classified colours were 

Blue (95), Green (102), Yellow (28), and 

Light Orange (6) respectively. However, 

Dark Orange (0), and Red (0) were 

incorrectly. 

Table 1: Multi-contingency table (6x6) for Classification accuracy of Human-sighted visual range for PM2.5 

Human-Sighted Visual Range DustBoy device 
Total 

Blue Green Yellow Light Orange Dark Orange Red 

Blue 95 4 0 0 0 0 99 

Green 152 102 18 6 0 0 278 

Yellow 126 155 28 21 2 0 332 

Light Orange 18 62 18 6 2 0 106 

Dark Orange 0 22 10 11 0 0 43 

Red 0 0 3 7 4 0 14 

Total 391 345 77 51 8 0 872 

 

It was found that user's accuracy for PM2.5 

of Blue was 95.96% which defined to 

excellent levels. However, Green (36.69%), 

Yellow (29.57%), Light Orange (5.66%), 

Dark Orange (0%), and Red (0%) were lower 

than 50% and these define as test not useful. 

Producer's accuracy for PM2.5 of all colours 

were lower than 50% including Blue 

(24.30%), Green (29.57%), Yellow 

(36.36%), Light Orange (11.77%), Dark 

Orange (0%), and Red (0%). These define as 

test not useful. Overall accuracy was 26.49% 

and lower than 50% which defined as and the 

Kappa statistic (κ) was equal to 0.06 which 

defined as no agreement (Table 2). 

Table 2: Multi-contingency table (6x6) to analyses User’s Accuracy, Producer’s Accuracy and Overall accuracy for 

Human-sighted visual range for PM2.5 
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Table 3 interprets that the results of 

estimating the human-sighted visual range 

for PM2.5 has an accuracy lower than 50 

percent (26.49%) or the test is not useful and 

the Kappa statistic was at no agreement level 

(κ =0.06).  

Table 3: Different measurement of User’s Accuracy, Producer’s Accuracy and Overall accuracy for Human-sighted 

visual range for PM2.5 

 Overall Hr accuracy of PM2.5 = (95+102+28+6) / 872 X 100 = 26.49 % (<50%) 

Range Colour Producer’s Accuracy User’s Accuracy 
Blue = 95 / 391 x 100 = 24.30 % (<50%) = 95 / 99 x 100   = 95.96 % (<50%) 

Green = 102 /345 x 100 = 29.57 % (<50%) = 102/278 x 100 =36.69% (<50%) 

Yellow = 28 /77 x 100     = 36.36 % (<50%) = 28 /332 x 100   = 8.43 % (<50%) 

Light Orange = 6 / 51 x 100      = 11.77 % (<50%) = 6 / 106 x 100   = 5.66 % (<50%) 

Dark Orange = 0 / 8 x 100        = 0 % = 0 / 43 x 100      = 0 % 

Red = 0 / 0 x 100        = 0 % = 0 / 14 x 100      = 0 % 

Tables 4 presents multi-contingency table 

(6x6) for classification the matching colours 

of PM10. The total matched data was 782 

records. The correctly classified colours were 

Yellow (287), Green (229), Light Orange 

(91), Blue (80), and Dark Orange (27), and 

Red (10) respectively.  

Table 4: Multi-contingency table (6x6) for Classification the matching colours of PM10 

Human-Sighted Visual Range 
Dust Boy Device (PM10) 

Total 
Blue Green Yellow Light Orange Dark Orange Red 

Blue 80 17 2 0 0 0 99 

Green 16 229 29 3 1 0 278 

Yellow 0 29 287 6 5 0 332 

Light Orange 0 2 6 91 6 1 106 

Dark Orange 0 1 6 6 27 3 43 

Red 0 0 0 1 3 10 14 

Total 101 278 330 107 42 14 872 

 

Table 5 describes multi contingency table 

(6x6) to analyse User’s Accuracy, Producer’s 

Accuracy and Overall accuracy for Human-

sighted visual range for PM10. User's 

accuracy for PM10 of Blue (80.81%), Green 

(82.37%), Yellow (86.45%) and Light 

Orange (85.85%) were defined to very good 

level, Red (71.43%) was at good level and 

Dark Orange (62.79%) was at sufficient 

level. Producer's accuracy of all colours was 

at mor than 50% including, Green (82.37%), 

Yellow (86.97%), Light Orange (85.05%) 

were in very good level, Blue (79.21%) and 

Red (71.43%) were at good level, and Dark 
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Orange (64.29%) was at sufficient level. 

Overall accuracy was 83.03% and which 

defined as very good level and the Kappa 

statistic (κ) was equal to 0.77 which defined 

as substantial agreement level (Table 5). 

Table 5: Multi-contingency table (6x6) to analyses User’s Accuracy, Producer’s Accuracy and Overall accuracy for 

Human-sighted visual range for PM10 

Table 6 interprets that the accuracy of 

estimating the human-sighted visual range 

for PM10 was at very good level and the 

Kappa statistic was at substantial agreement 

level (κ =0.77).

Table 6: Different measurement of User’s Accuracy, Producer’s Accuracy and Overall accuracy for Human-sighted 

visual range for PM10 

 Overall Hr accuracy of PM10 = (80+229+287+91+27+10) / 872 X 100 = 79.21 %  

Range Colour Producer’s Accuracy User’s Accuracy 

Blue = 80 / 101 x 100  = 79.21 % (good) = 80 / 99 x 100    = 80.81 %  (very good)  

Green = 229 /278 x 100  = 82.37 % (very good) = 229 /278 x 100 = 82.37 %  (very good)  

Yellow = 287 /330 x100  = 86.97 % (very good  = 287 /330 x100  = 86.45 %  (very good) 

Light Orange = 91 / 107 x100  = 85.01 % (very good) = 91 / 107 x 100  = 85.85 %  (very good) 

Dark Orange = 27 / 42 x 100  = 64.29 % (sufficient) = 27 / 42 x 100    = 62.79 %  (sufficient) 

Red = 10 / 14 x 100    = 71.43 % (good) = 10 / 14 x 100    = 71.43 %  (good) 

4. Discussion  

Analysis of accuracy estimating human-

sighted visual range (Hr) for PM2.5. The 

result found that only User's accuracy of Blue 

(95.96%) was at very good level. However, 

User's accuracy (0-36.69), Producer's 

accuracy (0-36.36%) and Overall accuracy 

(26.49%) were lower than 50% which 

defined as the test was not useful and the 
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Kappa statistic was at no agreement level (κ 

=0.06). The result of Hr for PM10 found that 

User's accuracy (62.79 % - 86.45%) and 

Producer's accuracy (64.29% - 86.97%%) 

were at sufficient level to very good level.  

was at sufficient level accuracy Overall 

accuracy was very good level (were 83.03%) 

and the Kappa statistic defined as substantial 

agreement level (κ=0.77). The results of this 

study are consistent with studies by William 

C. Malm, Bret Schichtel, and Jenny Hand and 

colleagues [10]. 

The result could imply that estimation 

human-sighted visual range (Hr) for PM10 

was applicable for district and subdistrict 

community in Chiang Mai province or the 

district in the North Thailand. However, 

although the results of estimating PM10 are 

at the good to very good level, the estimating 

of this method is not effective during the 

early morning, dusk, or during rain, very 

cloudy or relative humidity higher than 65%. 

Moreover, experience, expertise and 

judgment of the reporter should be concern. 

Therefore, this method must always be used 

in conjunction with measuring with an air 

measurement device to ensure accuracy and 

increase the observation skills of the reporter. 

The results of this study are consistent with 

studies by William C. Malm, Bret Schichtel, 

and Jenny Hand and colleagues [10].  

1) Limitations of the topography of the 

study area  

Because many hospitals have topographical 

conditions that are not conducive to setting 

observation points (landmarks), such as 

being in an area obscured by tall buildings, 

being located on a flat area, etc., it is not 

possible to determine the visibility distance 

according to the standard surveillance set. 

2) Limitations in efficiency of estimation 

This is because the method for estimating 

fine dust particles from the field of view is 

ineffective during early morning, dusk, rainy, 

cloudy, or relative humidity above 65%, and 

the accuracy Estimates are based on 

experience. Individual expertise and 

consideration Should be used in conjunction 

with measurement with the DustBoy dust 

meter to ensure accuracy and develop the 

expertise of the estimator. 

3) Remote area limitations  

Because the DustBoy device works using 

electrical energy, and must use internet 

signals to send and receive data from the 

device to the server. Therefore, in areas that 

use solar cells or have frequent power 

outages, unclear and unstable internet signal 
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which may affect the connection and 

transmission of information, causing the 

information to be incomplete and cause data 

analysis to be inaccurate. 

4) Estimating human-sight visual range 

contains much uncertainty  

This uncertainty stems from sighting on 

nonblack bodies (e.g., green forested 

landmarks, snow-covered peaks), difficulty 

judging when an object is just barely visible, 

variations in the atmosphere and thickness of 

the smoke across the line of sight, and 

assuming the atmosphere remains constant 

after using an instantaneous. 

5. Conclusion  

This study assessed the accuracy of human-

sighted visual range (Hr) estimation for 

PM2.5 and PM10. For PM2.5, accuracy was 

limited, with user accuracy for the blue 

category at 95.96%, but overall accuracy and 

Kappa statistic were below acceptable levels 

(κ = 0.06). In contrast, PM10 estimation 

achieved good to very good accuracy, with 

user and producer accuracies ranging from 

62.79% to 86.97%, an overall accuracy of 

83.03%, and substantial agreement (κ= 0.77). 

To enhance accuracy, the method should be 

used alongside air measurement devices. 
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