
Appendices

A Code Retrieving Historical Weather Data

’ ’ ’
t i t l e : Get H i s t o r i c a l Weather Data
a u t h o r : Dharma Hoy
d a t e : 0 8 / 0 4 / 2 0 2 2

Th i s program g e t s w e a t h e r d a t a from t h e f o l l o w i n g NOAA a p i . I t
r e q u i r e s a t o k e n t h a t can be r e q u e s t e d .

h t t p s : / / www. ncdc . noaa . gov / cdo −web / w e b s e r v i c e s / v2# g e t t i n g S t a r t e d

The code w r i t t e n was i n s p i r e d by t h e code i n t h e f o l l o w i n g l i n k
h t t p s : / / t o w a r d s d a t a s c i e n c e . com / g e t t i n g − wea ther − da t a − in −3− easy − s t e p s

−8 dc10cc5c859

Tucson A i r p o r t S t a t i o n ID GHCND: USW00023160

V a r i a b l e s measured a t t h i s s t a t i o n t o know a b o u t :
a v e r a g e t e m p r e a t u r e 1998− p r e s e n t TAVG
a v e r a g e t e m p r e a t u r e 1946− p r e s e n t TMAX
minimum t e m p r e a t u r e 1946− p r e s e n t TMIN
a v e r a g e wind speed 1984− p r e s e n t AWND
D i r e c t i o n o f f a s t e s t 2− minu te wind 1996− p r e s e n t WDF2
P r e c i p i t a t i o n 1946− p r e s e n t PRCP
Average c l o u d i n e s s s u n r i s e t o s u n s e t from manual o b s e r v a t i o n s

1965 −1995 ACSH
u n i t s : h t t p s : / / www. n c e i . noaa . gov / pub / d a t a / cdo / d o c u m e n t a t i o n /

GHCND documentation . pdf

code t h a t l o o k s a t t h e body of a r e q u e s t o u t p u t :
i m p o r t r e q u e s t s
r e s p = r e q u e s t s . g e t (

’ h t t p s : / / www. ncdc . noaa . gov / cdo −web / a p i / v2 / d a t a ? d a t a s e t i d =GHCND&
d a t a t y p e i d =TAVG&l i m i t =1000& s t a t i o n i d =GHCND: USW00023160&
s t a r t d a t e =2010−01−01& e n d d a t e =2010 −12 −31 ’ ,

h e a d e r s ={ ’ token ’ : ’ yourTokenHere ’}
)
p r i n t ( r e s p . j s o n ( ) )

V e r s i o n s :
Python 3 . 8 . 1 2
r e q u e s t s 2 . 2 7 . 1
pandas 1 . 4 . 2
j s o n 5 0 . 9 . 5
numpy 1 . 2 1 . 5



’ ’ ’
i m p o r t r e q u e s t s
i m p o r t pandas as pd
i m p o r t j s o n
i m p o r t numpy as np
from d a t e t i m e i m p o r t d a t e t i m e

## Gl ob a l v a r i a b l e s
# a c c e s s t o k e n from NOAA
Token = ’ yourTokenHere ’
# Tucson A i r p o r t s t a t i o n
s t a t i o n i d = ’GHCND: USW00023160 ’

d e f makeAPICall ( v a r i a b l e ) :
’ ’ ’
Th i s f u n c t i o n t a k e s t h e v a r i a b l e t o g e t t h e r e s u l t s f o r , and

r e t u r n s
a l i s t o f t h e d a t e s t h e d a t a was found on and t h e v a l u e o f t h e
s p e c i f i e d v a r i a b l e on t h a t d a t e
’ ’ ’
# i n i t i a l i z e l i s t s
d a t e s = [ ]
r e s u l t s = [ ]
# f o r each y e a r from 2000 −2020 , end i s e x c l u s i v e
f o r y e a r i n r a n g e ( 2 0 0 0 , 2021) :

y e a r = s t r ( y e a r )
p r i n t ( ’ working on y e a r ’+ y e a r )

#make t h e a p i c a l l
r = r e q u e s t s . g e t ( ’ h t t p s : / / www. ncdc . noaa . gov / cdo −web / a p i / v2 /

d a t a ? d a t a s e t i d =GHCND&d a t a t y p e i d = ’+
v a r i a b l e +’& l i m i t =1000& s t a t i o n i d =GHCND: USW00023160&s t a r t d a t e

= ’+ y e a r +’−01−01& e n d d a t e = ’+ y e a r +
’−12−31& u n i t s = s t a n d a r d ’ , h e a d e r s ={ ’ token ’ : Token } )
# l o a d t h e a p i r e s p o n s e as a j s o n
d = j s o n . l o a d s ( r . t e x t )

# n o t a l l y e a r s have r e s p o n s e s
i f n o t d :

c o n t i n u e

# g e t a l l i t e m s i n t h e r e s p o n s e which a r e t h e c o r r e c t
v a r i a b l e

t e m p r e s u l t s = [ i t em f o r i t em i n d [ ’ r e s u l t s ’ ] i f i t em [ ’
d a t a t y p e ’ ]== v a r i a b l e ]

# g e t t h e d a t e f i e l d from t h e r e a d i n g s
d a t e s += [ i t em [ ’ da t e ’ ] f o r i t em i n t e m p r e s u l t s ]



# g e t t h e a c t u a l v a l u e from a l l t h e r e a d i n g s
r e s u l t s += [ i t em [ ’ va lue ’ ] f o r i t em i n t e m p r e s u l t s ]

r e t u r n d a t e s , r e s u l t s

d e f main ( ) :
# i n i t i a l i z e d a t a f r a m e s
d f t e m p = pd . DataFrame ( )
d f windSpeed = pd . DataFrame ( )
d f w i n d D i r e c t i o n = pd . DataFrame ( )

# g e t d a t a
d a t e s t e m p , temps = makeAPICall ( ’TMAX’ )
d a t e s w i n d S p e e d , wdsp = makeAPICall ( ’AWND’ )
d a t e s w i n d D i r e c t i o n , wddr = makeAPICall ( ’WDF2’ )

# p o p u l a t e d a t e and t e m p e r a t u r e f i e l d s ( c a s t s t r i n g d a t e t o
d a t e t i m e )

d f t e m p [ ’ da t e ’ ] = [ d a t e t i m e . s t r p t i m e ( d , ”%Y−%m−%dT%H:%M:%S ” ) f o r
d i n d a t e s t e m p ]

d f t e m p [ ’ highTemp ’ ] = temps # u n i t s d e g r e e s f a h r e n h e i t

# p o p u l a t e d a t e and a v e r a g e wind speed f i e l d s
d f windSpeed [ ’ da t e ’ ] = [ d a t e t i m e . s t r p t i m e ( d , ”%Y−%m−%dT%H:%M:%S

” ) f o r d i n d a t e s w i n d S p e e d ]
d f windSpeed [ ’ avgWindSpeed ’ ] = wdsp # u n i t s m i l e s p e r hour

# p o p u l a t e d a t e and wind d i r e c t i o n f i e l d s
d f w i n d D i r e c t i o n [ ’ da t e ’ ] = [ d a t e t i m e . s t r p t i m e ( d , ”%Y−%m−%dT%H:%M

:%S ” ) f o r d i n d a t e s w i n d D i r e c t i o n ]
d f w i n d D i r e c t i o n [ ’ w i n d D i r e c t i o n ’ ] = wddr # u n i t s d e g r e e s (

c l o c k w i s e from N, t h a t what o t h e r wind measurments a r e )

# c r e a t e csvs , t h e s e w i l l be combined i n R
d f t e m p . t o c s v ( ” Using ML on Monsoon Data / Data / c l e a n t e m p d a t a .

c sv ” )
d f windSpeed . t o c s v ( ” Using ML on Monsoon Data / Data /

c l e a n w i n d S p e e d d a t a . csv ” )
d f w i n d D i r e c t i o n . t o c s v ( ” Using ML on Monsoon Data / Data /

c l e a n w i n d D i r e c t i o n d a t a . c sv ” )

main ( )



B Code Retrieving Historical Flood Data

# t i t l e : Get H i s t o r i c a l F lood Data
# a u t h o r : Dharma Hoy
# d a t e : 0 8 / 0 7 / 2 0 2 2
# R v e r s i o n 4 . 1 . 0

# Th i s program c l e a n s up t h e csv o f t h e s to rm s e a r c h r e s u l t d a t a
from NOAA.

# The d a t a was found a t t h e c i t e below and r e s u l t e d from a s e a r c h
f o r f l o o d s

# and f l a s h f l o o d s i n Pima cou n t y between 01 −01 −2000 and 12 −31 −2020.
# h t t p s : / / www. ncdc . noaa . gov / s t o r m e v e n t s /

# l o a d d a t a
# i n s t a l l . p a c k a g e s ( ” t i d y v e r s e ” )
l i b r a r y ( t i d y v e r s e ) # v e r s i o n : 1 . 3 . 1
s e a r c h R e s u l t s <− r e a d c s v ( ” Using ML on Monsoon Data / Data /

s t o r m d a t a s e a r c h r e s u l t s . c sv ” )

c l e a n S e a r c h R e s u l t s <− s e a r c h R e s u l t s %>%
s e l e c t (BEGIN LOCATION , BEGIN DATE ) %>%
s e p a r a t e ( BEGIN DATE , sep = ’ / ’ , i n t o = c ( ” month ” , ” day ” , ” y e a r ” ) )

%>%
r e l o c a t e ( year , month , day , BEGIN LOCATION) %>%
u n i t e ( year , month , day , c o l = ” d a t e ” , sep = ’ − ’) %>%
rename ( f l o o d B e g i n L o c a t i o n = BEGIN LOCATION)

w r i t e c s v ( c l e a n S e a r c h R e s u l t s , ” Using ML on Monsoon Data / Data /
c l e a n s t o r m d a t a s e a r c h r e s u l t s . c sv ” )



C Code Retrieving Historical Sensor Precipitation Data

’ ’ ’
t i t l e : Get H i s t o r i c a l Se ns o r P r e c i p i t a t i o n Data
a u t h o r : Dharma Hoy
d a t e : 0 8 / 2 4 / 2 0 2 2

Th i s program g e t s d a i l y r a i n f a l l t o t a l s from t h e s t a t i o n s i n pima
co un ty . I t u s e s t h e Monsoon API t h a t a c c e s s e s t h e UArizona
Envi ronment monsoon d a t a s e t . Th i s d a t a s e t i s v i s u a l l y r e p r e s e n t e d

i n t h e i r monsoon p l o t t e r found a t monsoon . e n v i r o n m e n t . a r i z o n a .
edu More i n f o r m a t i o n a b o u t t h i s API , t h e p l o t t e r and i t s c r e a t i o n

r e a d t h e r e s e a r c h a r t i c l e p u b l i s h e d by f r o n t i e r s t i t l e d ”
C u r a t i n g and V i s u a l i z i n g Dense Networks o f Monsoon P r e c i p i t a t i o n

Data : I n t e g r a t i n g Computer S c i e n c e I n t o Forward Looking C l i m a t e
S e r v i c e s Development ” . The a u t h o r s a r e Ben McMahan , Rey L .

G r a n i l l o I I I , Benni Delgado , M a u r i c i o H e r r e r a , and Michae l A.
Crimmins

V e r s i o n s :
Python 3 . 8 . 1 2
pandas 1 . 4 . 2
numpy 1 . 2 1 . 5

’ ’ ’
i m p o r t monsoon
i m p o r t pandas as pd
i m p o r t numpy as np
i m p o r t d a t e t i m e
from d a t e u t i l . r e l a t i v e d e l t a i m p o r t r e l a t i v e d e l t a

# i n p u t a p i c r e d e n t i a l s
username = ” yourUsername ”
key = ” yourKey ”

monsoonOccurance = monsoon . MonsoonAPI ( username , key )

d e f g e t D a t a ( s t a r t Y e a r , endYear ) :
# i n i t a l i z e d a t e s
s t a r t D a t e , endDate = d a t e t i m e . d a t e ( s t a r t Y e a r , 1 , 1 ) , d a t e t i m e . d a t e

( endYear , 12 , 31) ,
d e l t a = r e l a t i v e d e l t a ( y e a r s = 1)
# f i n d l a s t day o f s t a r t y e a r
# use d e l t a and a c c o u n t f o r r e s p o n s e end d a t e b e i n g i n c l u s i v e
n e x t D a t e = d a t e t i m e . d a t e ( s t a r t Y e a r −1 , 12 , 31) + d e l t a
# make l i s t s t o s t o r e a d a t a f rame f o r each y e a r i n t h e d a t e r a n g e
yea rDa taF rames = l i s t ( )



# make c a l l s f o r each y e a r i n g i v e n p e r i o d
w h i l e s t a r t D a t e < endDate :

# make c a l l
r e s p o n s e = monsoonOccurance . s e n s o r r e a d i n g s ( ” p i m a f c d ” , s t r (

s t a r t D a t e ) , s t r ( n e x t D a t e ) )
# n o t a l l y e a r s have r e s p o n s e s
i f l e n ( r e s p o n s e ) == 0 :

s t a r t D a t e = n e x t D a t e
n e x t D a t e = n e x t D a t e + d e l t a
c o n t i n u e

# df f o r c u r r e n t y e a r o f d a t a
yearDF = pd . DataFrame ( r e s p o n s e )
# add t o d a t a f r a m e s l i s t
yea rDa taF rames . append ( yearDF )

# i t e r a t e d a t e v a l u e s
s t a r t D a t e = s t a r t D a t e + d e l t a
n e x t D a t e = n e x t D a t e + d e l t a

# c o n c a t i n a t e a l l t h e y e a r l y d a t a f r am e s
a l l Y e a r s D F = pd . c o n c a t ( yea rDa taF rames )

# remove d u p l i c a t e s e n s o r r e a d i n g s
a l l Y e a r s D F . d r o p d u p l i c a t e s ( )
# u n i qu e s e n s o r s l i s t
sensorNames = a l l Y e a r s D F [ ’ sensor name ’ ] . un iqu e ( )

# f o r each s e n s o r g e t d i f f e r e n c e i n d a i l y r a i n f a l l r e a d i n g s
a l l S e n s o r D F = l i s t ( )
f o r s e n s o r i n sensorNames :

# s e p e r a t e o u t c u r r e n t s e n s o r
sensorDF = a l l Y e a r s D F [ a l l Y e a r s D F [ ’ sensor name ’ ] == s e n s o r ]

# drop s e n s o r column so groupby o p e r a t i o n works
sensorDF = sensorDF . drop ( columns =[ ’ sensor name ’ ] )
# c o n v e r t d a t a t i m e t o d a t e t i m e t y p e and s e t i t a s i n d e x column
sensorDF [ ’ d a t e t i m e ’ ] = pd . t o d a t e t i m e ( sensorDF [ ’ d a t e t i m e ’ ] )
sensorDF = sensorDF . s e t i n d e x ( ’ d a t e t i m e ’ )
sensorDF = sensorDF . s o r t i n d e x ( )

# column wi th d i f f e r e n c e between each r e a d i n g
sensorDF = sensorDF . d i f f ( )
sensorDF = sensorDF . r e s a m p l e ( ’ 1D’ ) . sum ( )
sensorDF = sensorDF . where ( sensorDF [ ’ r e a d i n g v a l u e ’ ] >= 0 , 0 )



# add back i n s e n s o r column and rename r e a d i n g s t o
t o t a l r a i n f a l l

sensorDF [ ’ sensor name ’ ] = s e n s o r
sensorDF = sensorDF [ [ ’ sensor name ’ , ’ r e a d i n g v a l u e ’ ] ]
sensorDF = sensorDF . rename ( columns = {” r e a d i n g v a l u e ” : ”

t o t a l r a i n f a l l ”} )

# add t h e sensorDF t o t h e l i s t o f a l l sensorDF
a l l S e n s o r D F . append ( sensorDF )

# c o n c a t a l l t h e s e n s o r d a t a f r a m e s t o g e t h e r
f i n a l D F = pd . c o n c a t ( a l l S e n s o r D F )
f i n a l D F . f i l l n a ( 0 )

# r e t u r n f i n a l D F
r e t u r n f i n a l D F

d e f main ( ) :
s e n s o r D a t a = g e t D a t a ( 2 0 0 0 , 2020)
s e n s o r D a t a . t o c s v ( ’ Using ML on Monsoon Data / Data / c l e a n s e n s o r d a t a

. csv ’ )
# t h i s t a k e s l e s s t h a n two m i n u t e s t o run f o r 20 y e a r s o f d a t a

main ( )



D Code Creating Final 2000-2020 Data Frame

# t i t l e : C r e a t i n g F i n a l Data Frame
# a u t h o r : Dharma Hoy
# d a t e : 0 9 / 1 3 / 2 0 2 2
# R v e r s i o n 4 . 1 . 0

# Th i s program combines t h e w e a t h e r d a t a from NOAA wi th t h e f l o o d
d a t a from

# NOAA and t h e s e n s o r d a t a g a t h e r e d t h r o u g h t h e AIRES API . Th i s d a t a
can be

# used f o r ML a n a l y s i s and examples o f t h i s use a r e shown i n t h i s
r e p o s i t o r y .

# I mp or t L i b r a r i e s
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

l i b r a r y ( t i d y v e r s e ) # v e r s i o n 1 . 3 . 1
l i b r a r y ( ar row ) # v e r s i o n 9 . 0 . 0 . 1

# Load Data
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

s e n s o r P r c p <− r e a d c s v ( ” Using ML on Monsoon Data / Data /
c l e a n s e n s o r d a t a . csv ” )

s to rm <− r e a d c s v ( ” Using ML on Monsoon Data / Data /
c l e a n s t o r m d a t a s e a r c h r e s u l t s . c sv ” )

temp <− r e a d c s v ( ” Using ML on Monsoon Data / Data / c l e a n t e m p d a t a . c sv
” )

w i n d D i r e c t i o n <− r e a d c s v ( ” Using ML on Monsoon Data / Data /
c l e a n w i n d D i r e c t i o n d a t a . c sv ” )

windSpeed <− r e a d c s v ( ” Using ML on Monsoon Data / Data /
c l e a n w i n d S p e e d d a t a . csv ” )

# Look a t Data
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

g l i m p s e ( s e n s o r P r c p )
g l i m p s e ( s to rm )
g l i m p s e ( temp )
g l i m p s e ( w i n d D i r e c t i o n )
g l i m p s e ( windSpeed )

# make s e n s o r n a m e a f a c t o r
s e n s o r P r c p $ s e n s o r n a m e <− as . f a c t o r ( s e n s o r P r c p $ s e n s o r n a m e )

# make f l o o d B e g i n L o c a t i o n a f a c t o r



s t o r m $ f l o o d B e g i n L o c a t i o n <− as . f a c t o r ( s t o r m $ f l o o d B e g i n L o c a t i o n )

# Combine t h e Data
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

combinedData <− w i n d D i r e c t i o n %>%
f u l l j o i n ( windSpeed , by = c ( ” d a t e ” = ” d a t e ” ) ) %>%
f u l l j o i n ( temp , by = c ( ” d a t e ” = ” d a t e ” ) ) %>%
f u l l j o i n ( s to rm ) %>% # d u p l i c a t e days a c c o u n t e d f o r m u l t i p l e

f l o o d s one day
f u l l j o i n ( s e n s o r P r c p , by = c ( ” d a t e ” = ” d a t e t i m e ” ) ) %>% # 65 −100

s e n s o r s , p e r day i n c r e a s e i n rows r e a s o n a b l e
s e l e c t ( da t e , w i n d D i r e c t i o n , avgWindSpeed , highTemp ,

f l o o d B e g i n L o c a t i o n , sensor name , t o t a l r a i n f a l l ) # d i s r e g a r d
pandas i n d e x e s

# Sav ing t h e Data
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

# use f e a t h e r so d a t a can be r e a d by R and Python
w r i t e f e a t h e r ( combinedData , ” Using ML on Monsoon Data / Data /

mas te rDa taFrame . f e a t h e r ” )



E Code Retrieving 2020 Data

−−−
t i t l e : ”2020 P r e c i p i t a t i o n Data ”
a u t h o r : ” Dharma Hoy”
d a t e : ”2022 −09 −23”
R v e r s i o n : ” 4 . 1 . 0 ”
o u t p u t : h tml document
−−−

‘ ‘ ‘{ r s e t u p , i n c l u d e =FALSE}
k n i t r : : o p t s c h u n k $ s e t ( echo = TRUE)
‘ ‘ ‘

Load R l i b r a r i e s
‘ ‘ ‘{ r }
l i b r a r y ( t i d y v e r s e ) # v e r s i o n 1 . 3 . 1
l i b r a r y ( t i d y m o d e l s ) # v e r s i o n 1 . 0 . 0
l i b r a r y ( l u b r i d a t e ) # v e r s i o n 1 . 8 . 0
l i b r a r y ( ar row ) # v e r s i o n 9 . 0 . 0 . 1
l i b r a r y ( g p l o t s ) # v e r s i o n 3 . 1 . 3
l i b r a r y ( r e t i c u l a t e ) # v e r s i o n 1 . 2 4
‘ ‘ ‘

Im po r t Python l i b r a r i e s
‘ ‘ ‘{ py thon }
i m p o r t monsoon
i m p o r t pandas as pd
‘ ‘ ‘

P u l l 2020 Data from p r e c i p i t a t i o n API
‘ ‘ ‘{ py thon }
# i n p u t a p i c r e d e n t i a l s
username = ” yourUsername ”
key = ” yourKey ”

monsoonOccurance = monsoon . MonsoonAPI ( username , key )

# P u l l s e n s o r r e a d i n g s from 2020
r e s p o n s e = monsoonOccurance . s e n s o r r e a d i n g s ( ” p i m a f c d ” ,

”2020 −01 −01” , ”2020 −12 −31”)

# C r e a t e d a t a f rame
s e n s o r R e a d i n g s 2 0 2 0 = pd . DataFrame ( r e s p o n s e )



‘ ‘ ‘

Read i n f l o o d o c c u r r e n c e s from 2020
‘ ‘ ‘{ r }
f l o o d s <− r e a d c s v ( ” Using ML on Monsoon Data / Data /

c l e a n s t o r m d a t a s e a r c h r e s u l t s . c sv ” ) %>%
f i l t e r ( d a t e >= ”2020 −01 −01”) %>%
mu ta t e ( d a t e = a s d a t e t i m e ( d a t e ) )

‘ ‘ ‘

Combine f l o o d o c c u r r e n c e s wi th d a t a from API . C r e a t e f e a t h e r f i l e
‘ ‘ ‘{ r }
p y $ s e n s o r R e a d i n g s 2 0 2 0 %>%

r e l o c a t e ( d a t e t i m e , b e f o r e = s e n s o r n a m e ) %>%
mu ta t e ( d a t e t i m e = a s d a t e t i m e ( d a t e t i m e ) ) %>%
mu ta t e ( d a t e = as . Date ( d a t e t i m e , ”%m/%d/%Y” ) ) %>% # a l l o w s f o r

e a s i e r j o i n
f u l l j o i n ( f l o o d s , by = c ( ” d a t e ” = ” d a t e ” ) ) %>%
rename ( ” s e n s o r n a m e ” = ” b e f o r e ” ) %>%
s e l e c t ( d a t e t i m e , sensor name , r e a d i n g v a l u e , f l o o d B e g i n L o c a t i o n )

%>%
mu ta t e ( f l o o d B e g i n L o c a t i o n = as . f a c t o r ( f l o o d B e g i n L o c a t i o n ) ) %>%
mu ta t e ( s e n s o r n a m e = as . f a c t o r ( s e n s o r n a m e ) ) %>%
w r i t e f e a t h e r ( . , ” Using ML on Monsoon Data / Data /2020 F l oods . f e a t h e r

” )
‘ ‘ ‘


