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Abstract

Sunset cloud is one of the amazing natural phenomena on Earth. There is a huge
economic chance hidden in the back. Therefore, we want to create a system to Predict the

accurate time that the sunset cloud appeared, in order to help the tourism industry in Taiwan.

In this study, a computational model will be proposed using Cauchy's equation,
theorems related to refraction and reflection, and other auxiliary formulas contributed by the
research paper. For the automation part, including temperature, pressure, and humidity, we
use the government's open data platform and satellite open data for static web crawling. For
the cloud height, we use dynamic web crawlers to crawl relevant data from AccuWeather
website for calculation. We calculate the crawled data and the proposed model in a 15-

minute interval to provide users with an accurate time to watch the sunset clouds.

By using this model and the results of the crawler's data acquisition calculations, we
can obtain prediction results with nearly 90% accuracy. Therefore, we are able to provide

users with the accurate time of the sunset clouds appeared.
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1. Introduction

1.1 Motivation

Taiwan is the most beautiful island in the world. Sunset cloud is also one of the most
amazing phenomena taking place in Taiwan. Many tourists often search for a place in Taiwan
to look for the beautiful sunset cloud including dating, family trip or even proposal. There is
a huge economic chance hidden in the back. Based on the above reasons, we start to think of
how to help tourists watch the sunset cloud more conveniently and can also help the
tourism industry which the pandemic had a huge impact on. Therefore, we want to build a
system to predict the accurate time that the sunset cloud would appear and can also predict
whether the sunset cloud would appear. It could not only help tourists to choose the correct
time and date to watch the phenomenon but also bring crowds to the merchant around the

tourist attractions.

1.2 How the sunset cloud appears?

First, we have to know how the sunset cloud appeared. The light from the sun is
scattered during traveling through the atmosphere, and the light with a longer wavelength,
usually red light, has a greater refraction angle. Therefore, the different wavelengths of light
will reflect from the different horizontal levels of the color cloud, which makes the color
different. Here comes the picture (Picture 1-1) illustrating it. From the daily observation, we
notice that color cloud usually appears after rain or typhoon, especially with highly water

vapor pressure.



The picture above (Picture 1-1) is the sunset with some colorful clouds but without
rich water vapor. The reason this scenery appears that we think is because of the height of

the cloud, making the light can have enough scattered before being reflected.

A Picture 1-2

The picture above (Picture 1-2), in contrast, is of the rich water vapor in the
atmosphere. Therefore, a multi-color cloud could be created even if in a low-level atmosphere.
This kind of cloud is cumulonimbus, which usually appears in the low-level atmosphere.

Note: this is pictured at 8/23, 18:30.



APicture 1-3

In the illustration (Picture 1-3) above, we can see the different positions on the
Earth, which symbolize the different time of the day, and has a different light route,
the red line. The different light routes are caused by the different refraction in the
atmosphere. However, different refraction phenomena are not only due to the
different time, but also the different atmosphere variants, such as air pressure, air
temperature, humidity, and so on. Fortunately, we got access to the Formosa No.7
satellite, which contained the data we need, including the air pressure and

temperature.
2 Theory

The theories we used can be categorized with light refraction, which both
scatter and refraction are caused by the refraction index. Therefore, we use the

following equation (Equation 1):

N, X sin@,, = N1 X sinf, 1

N;sinf; = N,sin0,

AEquation 1



where N, is the current medium (level) refraction index and @, is the incident angle.
Similarly, n+1 is the next medium (level). The equation is given by Fundamentals of

Optics [4]. And the below are some detailed descriptions.

2.1 Light refraction and scatter

Light would refract through different media. However, different air densities or
air molecules can be considered to be different medium, too. Therefore, the light
refract in the atmosphere is the multi-scattering. Hence, we have to use integration to
calculate it, which you can see it at equation 3. Besides, the density of atmosphere is

an exponential distribution.

A Picture 2-1

If the sunlight beam going through the triangle glass, it will produce a rainbow-
like light phase, which is called scatter, and it is caused by the different wavelength. Or

just like picture 2-1.

2.2 Refraction index

Since the atmosphere refraction index would be majority affected by the

wavelength, our purpose as well, we use Cauchy Equation [3] to calculate our



refraction index to decrease the miscalculation between different wavelengths. And

the below is the Cauchy Equation (Equation 2):

77.6 - 1076 7.52-1073 4810 - v
Mo, T, v, p) = 1+ (———— ) 1+ ——5— <p+T>

AEquation 2

where A is wavelength (um), using 700 nm or 0.7 um as red-light wavelength, T is
temperature (Kelvin), p is air pressure (mbar), and v is the pressure of water vapor

(mbar). However, we couldn’t get the v directly, so we use the below equation [5]:

-1 (p2

v:
pg’p1 P

dp

AEquation 3

where v is precipitable water vapor (cm), g is the acceleration due to the earth’s
gravity (986.665 cm/sec?), p is the density of liquid water ( g-cm™2 ), p is the
atmospheric pressure along altitude (mbar ), P; and P, are the atmospheric pressure
at the surface and the top of the atmosphere respectively. M), is mixing ratio at the
pressure level, p . The integration is from the surface at P; up to the pressure
designated by P, which depends on the final altitude reached by the radiosonde

observation. M,, can be calculated by below (Equation 4):

Mp = 0.622¢ (4)
p—e
AEquation 4



where e is the actual vapor pressure (mbar ). The actual vapor pressure is obtained as
the product of the saturated vapor pressure (e;) and the relative humidity (RH ) at
pressure p , or as the equation (Equation 5) below:

_ RH - e,
~ 100
AFEquation 5

The saturated vapor pressure value depends only on the air temperature T in
degree Celsius. The saturated vapor pressure (in mbar ) is calculated according to

below(Equation 6) :

6112 (17.67-T>
G = O P\ 0435
AEquation 6

After using the equation mentioned earlier, we can use the refraction index we
calculated to simulate the routes in different light wavelengths, temperature, air

pressure and humidity. See (2.6) Simulation for more details.

2.3 The relation between time and solar altitude

To compute solar altitude angle, we need the observer’s latitude, time, and date of the
year. After accessing the mentioned variants, we can compute the solar altitude angle
by the following formula (Equation 7) [6]:

0 = sin~!(sind sing + cosS cosp cosw)
AEquation 7

where § is the declination angle, @ is the latitude angle, and w is the hour angle.

Q)

©)

(7)



The declination angle changing depends on seasons, due to the earth's
revolution. It is the angle between the latitude of direct sunlight and the earth’s
equator. The northern latitude to the earth’s equator is positive, and the opposite is
negative. If the axis of the earth were not askew, the declination angle would not exist
(the following picture). The declination angle depends on the date of the year(d) used
in the following formula, not related to the observer’s location. For instance, d=1

means 1 of January.
§ = —0.40928 cos (2—”>
365(d + 10)
AEquation 8

Declination angle can transform the local solar time into sun’s moving angle,

declination angle

A Picture 2-2

noted that sun travel 2rt/24 rad. per hour. In the midday, declination angle is zero and
therefore it can be calculated easily through the below equation, which tis the local

time.
" (t-12)
w=—_(1t-
12
AEquation 9
By the above formulas, we could easily compute with Python, and draw the

data as a linear graph. The following picture (Picture 2-3) is a linear graph when the

observerisin 23.5°N .

(8)

(9)
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A Picture 2-3

Where the horizontal axis is time of the day (hours), and the vertical axis is solar
altitude angle computed by the above formulas (degrees). The blue line is the day of
summer solstice; the rea one is the day of spring equinox; the green one is the day of

winter solstice.



3. Approach

3.1 Panoply

In this research, we use a lot of data obtained from satellites or other open data
platforms. These data were usually stored in some unfamiliar type, including NetCDF,
HDF, and GRIB. Although these types can be read into Python, we should understand
the framework of the data before coding. Panoply is the best application released by
NASA for data preprocessing in this situation. It can read several data types, including
most of the open data in astronomy and meteorology. Panoply is able to turn single

data not only into plots but also export into CSV. [8]

a=9 Panoply — Sources
Es £ A -
g 3 ]
< ¥ < — il
Create ot Combine Plot Open Remove  Remove All Hide info

Datasets | Catalogs | Bookmarks |

Name Long Name Tipe
¥ @ 2016001010013_5147... 2016001010013 51479 CS M... Local File G ) "
- roup "Data_Fields
v [ MODIS-AUX MODIS-AUX — P -
¥ ] Data_Fields Data_Fields In file "2016001010013_51479_C5_MODIS-AUX_GRANULE_P_RO05_E06_F00.hdf*
@ Cloud_Mask Cloud Mask 0
= Full : MODIS-AUX/Data_Field:
© EV_IKM_Emis... EV 1KM Emissive 0 Group full name: MODIS-ALX/Data Fields
© EV_IKM_Emis... EV 1KM Emissive rad offsets 0 dimensions:
@ EV_1KM_Emis... EV 1KM Emissive rad scales 0 Byte_Segment = 6;
@ EV_1KM_Emis... EV 1KM Emissive scaling factor 0 Band_500M = 5;
@ EV_1KM_Emis... EV 1KM Emissive spec uncert FL1] Band_1KM_RefSB = 4;
@ EV_1KM_Emis... EV 1KM Emissive Uncert Indexes ] Band_1KM_Enissive = 11;
© EV_IKM_RefSE £V 1KM RefS8 0 5325-25“"1_: 2; -
© EV_1KM_RefS... EV 1KM RefSE rad offsets n “:L;?;:rju es i
© EV_1KM_RefS... EV 1KM RefSE rad scales 0 byte MODIS_granule_index(nray=37€81, mod_lke=15);
© EV_1KM_RefS... EV 1KM RefSB ref affsets L
© EV_1KM_RefS.. EV 1KM RefSB ref scales 0 short MODIS_pixel_index_along_track(nray=37081, mod_lkm=15);
@ EV_1KM_RefS... EV 1KM RefSE scaking factor 0
© EV_1KM_RefS... EV 1KM RefSB spec uncert 0 short MODIS_pixel_index_across_track(nray=37@81, mod_lkm=15);
@ EV_1KM_RefS... EV 1KM RefSE Uncert Indexes F1]
© EV_250_RefSE  EV 250 RefsB 0 short Solar_zenith{nray=37081, mod_lkm=15);
@ EV_250_RefSB... EV 250 RefS8 rad offsets 0 "
Sl hort Sol. th =37881, mod_lkm=15);
© EV_250_RefSB... EV 250 Refsh rad scales n CLEE SaR LT R
© EV_250_RefSB... EV 250 RefSB ref offsets 0 short Sensor_zenith(nray=37881, mod_lkm=15);
@ EV_250_RefSB... EV 250 RefSd ref scales 0
@ EV_250_RefSE... EV 250 RefS8 scaling factor 0 short Sensor_azimuth(nray=37081, mod_lkm=15);
@ EV_250_RefSB... EV 250 RefSB spec uncert 20
© EV_250_RefSB.. EV 250 RefSE Uncert Indexes 0 byte Cloud_Mask{Byte_Segment=6, nray=37881, mod_lkm=15);
© EV_S00_RefSE  EV 500 RefS8 1}
© EV 500 RefSE... EV 500 RefSE rad offsets Pre) ushort EV_1KM_RefSB(Band_1KM_RefSB=4, nray=37081, mod_lkm=15);
© EV_500_RefSB... EV 500 Refs8 rad scales 0 _ .
© EV_500_RefSE... EV 500 Refs ref offsets o float EV_1KM_RefSB_ref_offsets(Band_1KM_Ref5B=4, mod_granules=23);
© EV_500_RefSB... EV 500 RefS ref scales 0 float EV_1KM_RefSB_ref_scales(Band_1KM_RefSB=4, mod_granules=23);
@ EV_500_RefSB... EV 500 RefSB scaling factor FL
© EV_500_RefSE... EV 500 RefS8 spec uncert 0 float EV_1KM_RefSB_rad_offsets(Band_1KM_RefSB=4, mod_granules=23);
© EV_500_RefSB... EV 500 RefS8 Uncert Indexes )
© MODIS_granul... MODIS granule index 0 float EV_1KM_RefSB_rad_scales(Band_1KM_RefSB=4, mod_granules=23);
Show: Al variables a whuta FU 1KM BafSR llncart Trdavace(Rand 16M BafCR=d nravs ATART  mad Tkm=18)-

A\ Picture 3-1 The interface of Panoply
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https://www.giss.nasa.gov/tools/panoply/

3.2 Web Crawling

In this research, in order to obtain all the data we need, we used a lot of web crawling
skills with python. Each site has its own most suitable crawling method. Here are the

differences between web crawling in different types of pages and the method we choose to

deal with.
Speed Best Module to Use Written Language
Dynamic Pages Slow Wget, Requests, Javascript
Beautifulsoup
Static Pages Fast Selenium HTML

A the differences between web crawling in different types of pages

In static pages, we use Requests and Beautifulsoup modules to get the contents of the
websites. In the content we got, we could usually locate the information we need by its tag.
Some websites provide the download link we need so that we could right download the data.
However, some websites didn’t provide the link we want. Instead, they provide some
important information on their website. The information they provide could combine to
become the download link we want. (See 3.4 Data Access — Pressure and Temperature) After
obtaining the download link, we could use Wget Module to download the file.

The same method isn’t fit in dynamic pages. In dynamic pages, including
Accuweather.com mentioned in 3.5 Data Access — Cloud Height, we tend to use Selenium
Module to crawl for the information. The way we crawl in dynamic pages is to simulate real

users and copy the information on the website. Therefore, it is slow and heavy.

3.3 Data Access - Sunrise and Sunset Time

The most important cause of the stunning colorful cloud is the light right from

the sun. Therefore, it is important for us to know the time of sunrise and sunset.

11



3.3.1 Data.gov.tw

Data.gov.tw [9] is an online open data platform established by the Taiwanese
government in order to release data to the public based on “The Freedom of
Government Information Law”. The platform provides multiple types of data,

including CSV, XML, and JSON.

3.3.2 Data access

Access the data Encode JSON
from Data.gov.tw into list

Access current time

Access the value

Export into CSV .
by current time

A\Picture 3-2 The process chart of accessing sunset and sunrise value

The platform provides a permanent link for users to download the latest data.
After downloading the data in JSON from the link, we encode it into a dictionary in
Python. In the dictionary, it is easy for us to access the current data by importing the

current time with Time module. Due to the data which has already been sorted out in

12



cities, we export the current data in CSV files. And below are the codes (Picture 2-5)

and the results of accessing the time of sunrise and sunset (Picture 2-3,4).

HER.csv
TEHERE.csv

| FPIfk.csv

IRk .csv
R®R.csv
EERk.csv

_ tkET.csv
| & .csv

EE.cov

| ETR.csv

Efkf.csv
Frde.csv
WtTh.csv
HifThRk.csv
E@m.csv

. #E{tR.csv

BEmh.csv

- Edkth.csv

EHRk.csv
Emh.csv

| E#M.csv

2022 8H6H 20:53 *®

2022 8H6H 20:53
20224 8H86H 20:53
20224 8H6H 20:53
2022 8H6H 20:53
2022% 8H6H 20:53
2022 8H6H 20:53
20224 8H6H 20:53
2022 4% 8H6H 20:53
2022% 8H6H 20:53
2022 8H6H 20:53
2022 8H6H 20:53
2022 8H6H 20:53
20224 8H6H 20:53
20224 8H6H 20:53
2022 8H6H 20:53
20224 8H6H 20:53
20224 8H6H 20:53
20224 8H6H 20:53
20224 8H6H 20:53
2022% 8H6H 20:53
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L L
1 soow v @ @B & = ¢ = =
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Location

05:04 <+The time of civil dawn start

05:28
289
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HIgRZ

+The time of sunrise

+«Direction

12:02 <+ Meridian Passage
83S

18:37

«—Elevation angle

+The time of sunset

A\ Picture 3-3,4 The result of accessing sunset and sunrise time

import

json, ssl, urllib.request, wget, os,time,csv

import datetime

from operator import length_hint
import pandas as pd

import netCDF4 as nc

#HBBENE
download_path="'/Users/chen950726/Desktop/YH S A/NETCdf/Change file name/file'
url = 'https://opendata.cwb.gov.tw/fileapi/vl/opendataapi/A-B0062-001?Authorization=rdec-key-123-45678-011121314&format=JSON'

#E#§Json

context = ssl._create_unverified_context()

with urllib.request.urlopen(url, context=context) as jsondata: «emmmmmmmy Access the data frOm Data.gOV.tW

#1§ISONMEITUTF-BAIBOMBR » It HEARER1A A E I A\ J SONRESI
data = json.loads(jsondata.read().decode('utf-8-sig'))

dic=datal"cwbopendata"]['dataset']['locations']['location']

#ESRIEARIE

4— Encode JSON into list

Format the file to a readable
form.

#date=input ("BBAMEN BaFH-A-B (FEEX -1 96 B#thEwE o) ")
now = datetime.datetime.now()
x=now.strftime ('%Y-%m-%d"')
temp_no_dict=dic[81["time"]

for k in range(@,length_hint(temp_no_dict)-1):
if(temp_no_dictlk]["dataTime"J==x):

date_no=k

print(' BAFEVSIHMMREE ', date_no)

break

#i3 R AR RN R

for i in range(@,length_hint(dic)-1):

temp_rec_name=[]
temp_rec_value=[]
time_no={}

target_name=dic[il["locationName"]+".csv"
temp_time=dic[il["time"][date_nol["parameter"]

time_nol["Location"]=dic[i]
for j in range(@, 7):

temp_rec_name.append(temp_time[j1["parameterName"])

["locationName"]

4—— Access current time

4— Access the value by current time

temp_rec_value.append(temp_time[j]["parameterValue"1)

time_nol[temp_rec_namel

jll= temp_rec_valuelj]

#print(dic[il["locationName"], temp_rec_name[j], temp_rec_valuel[j])

print(target_name, time_no)
with open(target_name, 'w'
writer = csv.writer(f)

) as f:

for k, v in time_no.items():

writer.writerow([k,

vl)

4— Exportinto CSV

A\Picture 3-5 The code of accessing sunset and sunrise time
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3.4 Data Access — Pressure and Temperature

Based on the below paragraph (3.4.1 FORMOSAT-7), we can access the data
of current atmospheric pressure and temperature with Formosat-7. There are two
different systems that we can access target data, including Formosat-7 TDPC, and
Formosat-7 TROPS. After our discussion, Formosat-7 TDPC is our first choice, according

to its stability and more advanced property.

The only way we can access the latest data is through its official download site.
In this situation, we tend to use Python for our coding language, due to its rich module

database, consisting of Wget, Request, and NetCDF4.

Request and obtain the Analyze and enter the Analyze and access the
structure of the website latest folder tag latest value tag

Access the pressure and Format the file to a Download the data with
temperature value readable form. the URL

Store the value in list Export in CSV

A\ Picture 3-6 The process chart of accessing pressure and pressure

3.4.1 FORMOSAT-7

The Formosat-7 [10] is a major international collaborative space program
between Taiwan and the USA, aimed at creating a high-reliability meteorological
satellite system. All six satellites of the Formosat-7 system orbit the Earth for about 97

minutes, and could provide about 4000 data per day between 50 degrees north and

14



south latitudes. By measuring radio occultation signals, atmospheric parameters,
including refractivity, dry pressure and temperature, humidity, and the electron
concentration of the ionosphere can be derived. Users can approach the data from

Taiwan Data Processing Center (https://tacc.cwb.gov.tw).

3.4.2 Download the file

Base URL

https://tacc.cwb.gov.tw/data-service/fs7rt_tdpc/level2/atmPrf/

Folder URL = Base URL + Folder Tag
https://tacc.cwb.gov.tw/data-service/fs7rt_tdpc/level2/atmPrf/2022.242/
Folder Tag

Value URL = Folder URL + Value Tag

https://tacc.cwb.gov.tw/data-service/fs7rt_tdpc/level2/atmPrf/2022.242

/atmPrf_C2E1.2022.242.00.03.G13_0001.0001_nc Folder Tag
Value Tag

A Picture 3-7 The characteristic of value URL and folder URL

First, we have to get the folder URL. In this situation, we have to import the
Requests Module to access the website information. Due to the characteristic of the
URL under this condition, the target we need to get was only the name of the latest
file (folder tag). After reaching the target with Beautiful Soup Module, we combine it
with the base URL to get the folder URL. After then, we do the exact same steps we
did above to get the value URL. Last but not least, we download the file with the value

URL with Wget Module.

3.4.3 Analyze the file to extract the Information

After achieving the file, we have to analyze and extract it to get the information
we need. First, we analyze it with Panoply, an app released by NASA. After we got the
information we need, we import and read the file into python by netCDF4 module. The
data we took out would be stored in the array and exported into CSV for later

simulating.

15


https://www.giss.nasa.gov/tools/panoply/

21

import requests

from bs4 import BeautifulSoup
import wget

import os,time

folder_url="https://tacc.cwb.gov.tw/data-service/fs7rt_tdpc/level2/atmPrf/" #BWEETEINIGELL
path="/Users/chen950726/Desktop/YH S A/NETCdf/Change file name/file" #FEEFAMERK

target_name="current_data.nc"
mission_count=0

while True:

HELLSH (k) | .
SER : MBI Request and obtain the

folder_web = requests.get(folder_url) structure of the website
folder_soup = BeautifulSoup(folder_web.text, "html.parser")

folder_daily_file_url=[]

for folder_link in folder_soup.find_all('a'):
folder_daily_file_url=[]
#print('Get',folder_link.get('href'))
folder_file_url=folder_url+folder_link.get('href')
folder_daily_file_url.append(folder_file_url)
print (' &', folder_daily_file_url[-11) '\,Analyze and enter the latest
#@UboHT (FHEuL) folder tag
#BR | BERNNOES
HiERRTRE R R PIEAE S
url = folder_daily_file url[-1]
web = requests.get{url)
soup = BeautifulSoup(web.text, "html.parser")
daily_file_url=[]
file_name=[]
Analyze and access the latest
for link in soup.find_all('a’):
daily_file_url=[] Value tag
#print('Get',link.get('href'))
file_url=url+link.get('href')
file_name.append(link.get('href'))
daily_file_url.append(file_url)

print('f#% "' ,daily_file_url[-11)

A\ Picture 3-8 (1) The code of accessing temperature and pressure
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#MPRESRE S

try: # EA try: AIERAESESIERHE
os.remove(target_name)
os.remove('Pres_Temp.csv')

except: # MR try HNARSTHEER - IT except EHNAS
print('EZEMRENESE X FAFEEER")

wget.download(daily_file url[-1],path) =i DoOWwnload the data with the URL

os.rename(file_name[-1], target_name)

import netCDF4 as nc
import pandas as pd
import os

Format the file to a readable

data= nc.Dataset(target_name)
Pres= data.variables["Pres"][:].data fC)rITT.
Pres=1ist(Pres)

Temp= data.variables["Temp"][:].data
Temp=1ist(Temp) Access the pressure and

alt= data.variables['MSL_alt'][:].data
alt=list(alt) temperature value

for k in range(@,len(Pres)-1): \' Store the Value in I|St

if(Pres[k]==-999):
Pres[k]=0
for s in range(®,len(Temp)-1):
if(Temp[s]==-999):
Temp[s]1=@
dict = {'Mean sea level altitude of perigee point': alt, 'Pressure': Pres,"Temperature":Temp}
df = pd.DataFrame(dict)
file_csv = os.open('Pres_Temp.csv', 0s.0_RDWR|os.0_CREAT)
df.to_csv('Pres_Temp.csv')
mission_count+=1 ‘\.' Export in CSV
print('52hL' ,mission_count, 'ZR{EFH")
time.sleep(68)

A\ Picture 3-8 (2) The code of accessing temperature and pressure

Pres_Temp

Mean sea level altitude of perigee point Pressure Temperature

2 O N

0 79.998245 0.0 0.0
1 79.97825 0.0 0.0
79.958244 0.0 0.0

79.93825 0.0 0.0

79.91824 0.0 0.0

APicture 3-9 The result of accessing pressure and temperature
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3.5 Data Access — Cloud Height

In order to calculate the route of light, we need the position of the cloud to
calculate the reflect angle of the light reflected from the cloud. There are more details
at 2.7 Stimulate. Therefore, if we want to simulate the stunning clouds, it is important

for us to obtain the height of the cloud.

3.5.1 AccuWeather

There are many different ways to access the data, including commercial
weather forecasts, aviation weather forecasts, and the data released from the satellite.
AccuWeather is a company aimed at providing accurate commercial weather forecasts,
which also runs a free, advertising-supported website (AccuWeather.com). The
website is based on weather information from numerous sources, including National

Weather Service (NWS) and other reliable meteorological organizations [11].

3.5.2 Data access

Enter the city weather Target the cloud height
forecast website by Xpath

Export
in CSV

Store the value in list

Access the value of cloud
height

A\ Picture 3-9 The process chart of accessing cloud height

There are several modules for users to crawl on the internet, including
Requests, which we used in the above paragraph. AccuWeather.com is an
international website, which also runs on a dynamic web page. Therefore, selenium is

our first choice in order to read the information on a dynamic web page.
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Firstly, we enter the website, where we want to access the target with Python

and Selenium. Secondly, we acquire it with XPath, which can target our value. After

we got the value, we stored it in the list until we finish running all the cities we want.

Finally, we stored all the values in CSV (Picture 3-10).

CONOUAWNR

vwv

cloud

B BEESE
0 mpEm 9500
1 adtm 7900
2 seied 9100
3 M@E®S 9100
a s 9100
5 wME 9100

A Picture 3-10 The result of accessing the height of cloud

from selenium import webdriver

from selenium.webdriver.common.by import By
import time

import pandas as pd

import os

user_agent = "Mozilla/5.0@ (Macintosh; Intel Mac 0S X 10_13_6) AppleWebKit/605.1.15 (KHTML, like Gecko) Version/12.0.3 Safari/605.1.15"
opt = webdriver.ChromeOptions()

opt.add_argument('--user-agent=%s' % user_agent)
webdriver="'/Users/chen950726/Downloads/chromedriver 2'

driver = webdriver.Chrome(webdriver, options=opt)
url=["'https://www.accuweather.com/zh/tw/keelung-city/312605/hourly-weather-forecast/312605',
city_name=['ZEpE "', '&db ", ‘#dLw ", HkET ", (#OE ", ROTRR, ERM, (AR, BER,

start = time.time()

value_store=[]

for i in range(9,22):
print("IREEEDE", city_name[i],"WEBEERR") Enter the city weather forecast
driver.get(url[i])
time.sleep(2)
val.ue:driver.find__c?lemc?nt{By.[)éP/:THz '/{* [?iﬁ')'r)\ou rlyCard@"]/div[2]/div/div[2]/div[2]/p[4]/span’).text
value_store.append(int(value[@:len(value)- — in li
print(value_store[i]) Storethevalueinilist '\I Target and access the value
print(city_namel[il, ' EESE",value)
time.sleep(1)

website

try:
os.remove('cloud.csv')
print("EMIBREEER")
except:
print('SEMRENOER 3 FEEERR")
dict = {'f4':city_name , 'EEEE': value_store}

df = pd.DataFrame(dict) ¢ 4 i
file_csv = os.open('cloud.csv', os.0_RDWR|os.0_CREAT) Export.in/CsV

df.to_csv('cloud.csv')
end = time.time()

print("ARERERHEE")
print ("ETE5M : %f " % (end - start))

driver.close()

A\ Picture 3-11 The code of accessing the height of cloud
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3.6 Data Access - Humidity

In the atmosphere, refraction is caused by spatial variations, including
temperature, pressure, and humidity, with humidity being the most important.

Therefore, it is important for us to access the current humidity.

Access the current data Encode the JSON into

from open data platform array Access the value of:

. Humidity

. County name

« County serial number
Calculate the average and storeitin list

humidity by county Purify the wrong data

Export :

Humidity of station and Average Humidity of county
into CSV

A\ Picture 3-12 The process chart of accessing humidity

3.6.1 Open Weather Data Platform

Open Weather Data Platform (opendata.cwb.gov.tw) is an open data platform,
founded by the Central Weather Bureau (CWB) in Taiwan for users to access the
current data of meteorological information. It provides multiple different data, county
weather forecast and meteorological observations data was included [12]. In this

report, we will be using meteorological observations data of automatic weather

stations , which provides humidity in its dataset.
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https://opendata.cwb.gov.tw/dataset/observation/O-A0001-001
https://opendata.cwb.gov.tw/dataset/observation/O-A0001-001

3.6.2 Data access

It is the same way for us to access the data as we did in 2.2.2. First of all, we
reached the data from the URL and encode the JSON into the array. After reaching the
data, we obtained the value that we need, including humidity, county name, county
number, and the automatic weather station name. Getting all the values, the next step
we did is to calculate the average humidity by county. First, we extract the humidity
with the same county number and store it in list. Second, we counted the quantity of
the same county number at the same time. After calculations, we can get the average
humidity. At last, we export two data: humidity of station and average humidity of

county (Picture 3-13,14).

humidity_county humldlty
B FEERE

0 NaN 990 BHAE MM WE ANEE 1EERE
1 mitm 0.729 —_ = | 33
2| g 0.7943333333333330 g T 8t IHE MEE 0.69
2| wan 1 7 EMR RS ORRE 0.73
4 maw 0.8605714285714280
5 migm 0.8161764705882350 2 7 EHER EEEE A 0.7
6| it 0.8082026629266290 e |
7 BN 0.8312903225806450 3 6 #ilth REE BE 0.81
8 #Em 0.7568750000000000 4 3 HET THE ARE 0.72
9 EHET 0.82 -
10| 35t 0.8436363636363640 5 6 fith BEE EFi0 0.81
1| mE 0.8257142857142860 - -
12| EIE BT 800 6 6 | FEH BOKE | MakEs 0.68
13| Bt 0.8865217391304350 7 8 MET <EE E 0.71
14| B1LH 0.8454545454545460
15 | ity 0.7766666666666670 8 8 MET FEE hAESIL 0.82
16 | THHRG 0.8486363636363640
17| Bk 0.8547826086856520 9 6  #itdm AME A 0.83
18| WEIBEMTRE -99.0
) P—— e00 10 8 MET HEE BEIXE 0.75
20 FEM 0.8768000000000000 11 15 #HH LB R 0.82
21 feuk 0.8273684210526320 :

19 16 | seakss | SRS | SR n77

A Ppicture 3-13 Average humidity of APicture 3-14 Humidity of station
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1 limport json, ssl, urllib.request, wget, os,time,csv
2 import datetime
from operator import length_hint
import pandas as pd
5 import netCDF4 as nc
6 start = time.time()

8 #BHENE
9 download_path='/Users/chen958726/Desktop/Y H S A/NETCdf/Change file name/file'
10 url = 'https://opendata.cwb.gov.tw/fileapi/vl/opendataapi/0-A0001-881?Authorization=CWB-2CBE5642-71CE-44D8-85EB-6334B9D708342&downloadType=WEB&format=JSON"

12 #Ei{§Json

14 context = ssl._create_unverified_context()

15 with urllib.request.urlopen(url, context=context) as jsondata:
16 #18ISONEATUTF-8HYBOMBZES » It IEARERR MO KIEL A J SONFES R

17 data = json.loads(jsondata.read().decode('utf-8-sig"'))

4—1 Encode the JSON into array

4— Access the current data from open data platform

20 dic=data["cwbopendata"]['location']
21 hum=[]

22 county=[]

23 county_num=[]

24 town=[]

25 location=[]

26 county_hum=[1]

27 county_no_name=[]

for i in range(@,len(dic)-1):
3 temp_hum=dic[i1['weatherElement'1[4]1["elementValue"]1["value"]
32 temp_county=dic[i1['parameter'1[01[ 'parameterValue']
33 temp_county_num=dic[il['parameter'][1]['parameterValue'l]

34 temp_town=dic[i][ 'parameter'1[21['parameterValue'] l I ACCeSS the Value and store |t in ||St

35 temp_location=dic[i]["locationName"]

hum. append (temp_hum)

38 county.append(temp_county)

39 county_num.append (temp_county_num)
town.append(temp_town)

HREEE

for s in range(@,len(hum)-1):

991): 4— Purify the wrong data
75" #DAEIBTISIREAR MR

48 county_hum.append(-99)
49 county_no_name.append("NaN")
50 for k in range(1,22):

51 count=0
hum_total=@
for j in range(@,len(dic)-1):
54 if(int(county_num[j1)==k):
55 count+=1
56 hum_total+=float(hum[3j1) .
57 temp_name=county[3] Calculate the average humidity
#print(hum_total, count)
if(count==0): by COUnty

) county_hum.append(-99)

61 county_no_name.append ("EEEVEZETER")
62 else:

county_hum.append( (hum_total/count))

64 county_no_name.append (temp_name)

HELER (SRNSEE)

oy » ) 4— Export
os.remove( 'humidity.csv')
print("EMfRERER")

72 except: # MR try WATREHER  MIT except MHRE

3 print (' EEMIREER 3 FEEEER)

74 dict = {"BMRE" icounty_num , 'B&T': county,

5 "HER" : town, "R FE" : location, "HHERE" :hum}

¢ df = pd.DataFrame(dict)

7 file_csv = os.open('humidity.csv', ©s.0_RDWR|os.0_CREAT)

5 df.to_csv('humidity.csv')

80 #EELER (BRTHTFIAL)

81 try:

82 os.remove( 'humidity_county.csv')

83 print ("EMREER")

84 except: # MR try MASHREHER  RIT except BHAE
85 print(' FERIFENER 3 FEEBEER")

dict = {'§M': county_no_name, "SFI51H%RE" : county_hum}

df = pd.DataFrame(dict)

file_csv = os.open('humidity_county.csv', os.0_RDWR|os.0_CREAT)
df.to_csv('humidity_county.csv')

92 end = time.time()

94 print("ARERCTHINEE")
print ("HFFTERE : %F " % (end - start))

A\ Picture 3-12 The code of accessing humidity
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3.7 Refraction index

Mainly, we use python to compute the whole calculation, and csv file to
connect different calculations. And the below are the calculations mentioned at

[1.2].

First, the Cauchy’s equation (2)

def Cauchy_equation(air_pressure,air_temperature,wavelength,relative_humidity):

T = air_temperature

w = wavelength

a = air_pressure

v = pressure_of_water_vapour(relative_humidity,T)

return 1+(0.0000776/T)*(1+(0.00752)/w/w)*(a+4810*v/T)

air_temperature and air_pressure are given by 2.3 Data Accessing — Pressure and
Temperature, which is related with the altitude, different altitude layers would have

different temperature and pressure.

def pressure_of_water_vapour(relative_humidity,temperature):

RH= relative_humidity
T = temperature

es=6.112*np.exp(17.67*T/(T+243.5))
e = RH*es/100
Mp = 0.662*¢e/(a-e)

return -1/986.665*Mp
As for the integration at (3), because the temperature and pressure alter in the small

gap, 20 meters, we choose it as the gap in numerical method for the integration, or as

the code below.
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foriin range(0,3899):

air_pressure = float(pressure[i])
air_temperature = float(temperatureli])+273.0
wavelength =700*1000.0

relative_humidity =0.7

refractive_index.append(Cauchy_equation(
air_pressure = air_pressure,
air_temperature =air_temperature,
relative_humidity = relative_humidity,
wavelength = wavelength
)

)

Because the colorful cloud is often caused by the red-light, we use 700 nm as the
wavelength of light. As for the humidity, we use the data accessed from 2.5 Data

Access — Humidity.

3.8 Simulation

When thinking how to present the simulation, we didn’t have any access to the
professional software which can run the complex simulation. We didn’t know how to
conduct it as well. Therefore, we use the simple but powerful way “Matplotlib” to

conduct it.

3.8.1 Light route in atmosphere

The main idea is to use the light vector reflecting from the target cloud to
reverse the light route during traveling through the atmosphere. It would work is
because that the thickness of troposphere is very thin to atmosphere. Therefore, the
light reflected from the cloud would have enough distance to be refracted. After we
reverse the light route, we can calculate the incident angle and therefore access the
time from the time-incident angle relation at 2.7.2. Also noted that the main colorful

cloud reflects the near-red light, so we use the refraction index which has been
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adjusted to the red-light wavelength of 700 nm by the Cauchy Equation mentioned at
1.2.2.

How we use the refraction index, which mentioned at 1.2.2, adjusted to the

near-red light refraction index, is as below equation:

) ) ) N, X sinf,
N, - sinf,, = N,;; - sinf,,1; = sinf,,,;, = ———
Nn+1

AEquation 10

where N,, and N,,,, are the refraction index in the current and the next level.

9n+1

APicture 3-13

But there are some initial setups you need to know before understanding the

code. The observer O is at (0,0) and the target cloud P we want to observe is at

(%0, ¥o)- If we match the O and P together, we can get the vector OP or % which can

be used to calculate the reflect angle 8 and reflect vector v,,.
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Target cloud
P (XD, yO)

0 (0,0)

APicture 3-14

After we have the reflect angle 8, we can use the equation above, using the
current and the next level refraction index N,, to calculate the next level’s refraction
angle 8,441 , and continuously doing it until reaching the top of the atmosphere. As the
result, we can connect all the vector together, and get the picture below to simulate

the light route.

Light route

160000 -

140000 4

120000 4

100000

80000 -

60000 A

altitude (20 m)

40000

20000

observer

01 .

T T T
-30 =20 -10 0 10 20 30 40 50

incident route

APicture 3-15
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In above picture, the line beams would travel in the atmosphere until they are
reflected by the target cloud at (-30,40), which would be received by the observer at
(0,0). Due to the reflection, the light beams would be seen from the near-horizonal
direction imaged by humans’ brain. Consequently, the pretty scene of the

phenomenon would appear in our sight.

3.8.2 Time-incident angle relation

We calculate the solar altitude by the formula at (1.2.3). The incident angle is
the solar altitude angle’s supplementary angle. And we can easily compute it and list
the correspondence between the incident angle and time of the day. We build two
lists: one is the time and the other is the solar altitude angle. Between two adjacent
materials, there is 15-minute interval. Because we only discuss about the cloud of
dawn, we search the data from midday to sunset. While the incident angle (rads) is
given, the program would find the location of it and print two times which the incident

angle given is within the data corresponded by.

m=int((sunset-sunrise)/30)
mO=int((sunset-sunrise)/15)
while 1<int(m0-m) :
if vector < solaraltitude[int((m+m0)/2)-1]:
mO=int((m+m0)/2)
else:

m=int((m+m0)/2)

Above is how we search the location of data from two lists. Where sunrise is
time of sunrise, sunset is that of sunset, and vector is the incident angle given. Because
our time interval is 15-minute, m is the location of midday data and mO is the location
of sunset in the lists. Noted that our predict time is a 15-minute interval because of

the unpredictable variants such as user favor, and mis simulation.

We take the following time-incident angle table for example:
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Time Incident angle

18:00 1.4114465988757618

18:15 1.4669588037239287

If the best appreciation incident angle (rads) is 1.45, the code will print
18:00~18:15. In this way, the user can get the most appropriate time to watch the

phenomenon

3.9 Output

Here are the output results we got (Picture 3-16). The results can also output into CSV

type (Picture 3-17) for future applications.

result_time

Bt RBE
0| Efgw 17:30~17:45
1| aitis  17:30~17:45
$iitms  17:30~17:45
HKEm  17:30~17:45
SEMTE | 17:30~17:45
SEB%  17:30~17:45
E®EE | 17:30~17:45
achs | 17:30~17:45

&L 17:30~17:45

A5iaR  17:30~17:45
THiB4 | 17:30~17:45

©w 0 N O O A2 N

-
o

-
—

Ext  17:30~17:45

(KBRS - 307.52s]

A\ Picture 3-16 Output Result Example APicture 3-17 Output result in CSV
Example
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The reason we choose 15 minutes as a prediction gap is that most of the sunset clouds
often last about 15 to 20 minutes. It is meaningless to predict less than 10 minutes. Although
predicting less than 10 minutes can get a more precise result, it can’t create more worthwhile.
Instead, it could cause more unnecessary problems. On the other hand, predicting more than
20 minutes is also pointless. While our model’s accuracy might improve rapidly in the wake

of the time increase, it would also lose the significance of the existence of this prediction.

4. Result

As for the result, we use our program to predict the colorful cloud in these days.

Here comes our result.

No Date County Observ Predicttime Temp Press Humidi Result
. e time ty

1 8/26 Kaohsiung @ 18:23 18:15~18:30 31° \ 1008.1 70% Correct
2 8/27 Kaohsiung | 18:25 18:15~18:30 | 31° 1005.6 | 76% Correct
3 8/27 Kaohsiung | 18:52 18:15~18:30 | 31° \ 1005.6  76% Correct
4 8/29 Kaohsiung | 18:17 18:15~18:30 | 27° 1088.1 | 93% Correct
5 10/19 Nantou 17:38 17:30~17:45 19.8° \ 902.8 88% Correct
6 | 10/19 Chiayi 17:33 17:30~17:45 13.8 766.1 97% Incorrect
7 10/19 New 17:38 17:30~17:45 21.4 1018.0 68% Correct

Taipei City

8 10/19 | Taipei 17:39 17:30~17:45 21.9 1016.6 | 66% Correct
9 10/23 Taoyuan 17:39 17:30~17:45 23 \ 1018.0 | 83% Correct

Note:

No.5 Observed in Sun Moon Lake National Scenic Area Administration
No.6 Observed in Alishan National Scenic Area

No.7 Observed in Tamsui

No.8 Observed in Yangmingshan National Park

Accuracy: 88%
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APicture 4-1 The photo of No.6

As for the wrong prediction of No.6, which is observed in the Alishan National Scenic
Area, we could clearly see in picture 4-1 that there still have some light at the edge of the
horizon. However, due to the altitude of the observation location being too high, which the
altitude of Alishan is nearly 2,400 meters, the weather often comes with a large amount of

fog, which would impact the watching experience of the sunset cloud.

A\ Picture 4-1 The photo of the observation, including No.1~5,7~9

In terms of our results, it appears that our system can predict over 85% of the results.
Most of the predicted times did come with the sunset cloud appearing. But the model we

create still has some problems. We can’t predict the result when there is extreme weather,
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including typhoons, heavy rain, and fog. It might come with the wrong prediction under these

results.

5. Conclusion and Future Prospect

In conclusion, our model to predict the exist time of the sunset cloud is stable and
reliable. It is important to promote this prediction system to the public in order to satisfy our
main purpose when designing this system, helping the tourism industry and tourists to watch

the sunset cloud more conveniently.

5.1 Line Bot

Due to the predicting system, which is designed for Taiwan, it is better to promote to
the public through Line. Line is an social application that about 95.7% of people in Taiwan
used every day. Its robot account system is also good for us to announce our daily predictions.

Picture 5-1 is an example that we could use our prediction system throughout Line.

People who have our official Line account can receive daily predictions every day.

<99+  EBmERTER Q B =
@ 2022/10/23 B H B} EE HIREFR
Sip:l]

2022/10/23 (Sunday) Evening
Sunset Cloud Time Forecast
e e +

| £ | 17:30~17:45 |
e o +

| &1b/ | 17:30~17:45 |

| HEE T | 17:30~17:45 |

Fmmm————— et +

| 71775 | 17:30~17:45 |

e o e +

| #4784 | 17:30~17:45 |

e Fommmmmm e +

| EiZER% | 17:30~17:45 | e

APicture 5-1 Example of Line
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5.2 Cooperation with tourist attractions

We could also collaborate with national scenic areas or other tourist attractions that
are known for sunset cloud watching, including Si Zih Bay and Yong-an Fish Harbor. The
administrative center of the tourist attraction can hold a party or a bazaar to gather people.
They can also organize mini-concerts to attract tourists to watch the stunning sunset cloud

with beautiful, elegant music during the predicted time.

A\ Picture 5-2 Yong-an Fish Harbor is known for its sunset view
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This project proposes a computational model using Cauthy’
s equation > theorems and based on the temperature * pressure -

and humidity provided by the government platform - to predict

the accurate time when the sunset cloud will appear. The project
has its novelty. The idea is good. The run experiments to justify
the performance of the proposed model. The time is divided into
time slot (15 mins/timeslot). The project has its novelty. The idea

is good.
Some comments are given below:

More explanation is suggested to reason why Cauthy’ s

equation > theorems are applied. It would be better if more

experiments are run to study the performance of the proposed

model.
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