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Abstract

The impact of changing weather and air quality conditions on cardio-

2. Miami Dade Weather and Climatology 3. Wind patterns and Air Quality 5. Seasonally Forced SEIR models

respiratory diseases 1s very important, Epicemio ogica’ as well as ) FOy I -0 [ sen | Feo [ war [ Aor [ may | dun [ aul ] Aug ] Sep ] Oct INov] Dic_ ] W prmnese, Fig. 11: Multiple agents might lead
blometeor_ology studies have FIocumented the existence of N — T T T T e T T T T T T -_ _- ey | | Bacteri to asthma as soon as weather
exacerbqtlng fagt_ors for asthma, different from often C|ted. allergens. S =T == oo | e | 77 |z |oie | ooe [ mo (e e o0 _ | Fig. 7: Time series of Uruses conditions oromote their
Economic condltlons_, educa_ltlonal ba}gkgrounds, stress, diets, along Tl Gan | oA L e | e | eod [ ee | one | e | TEe | i | e ) | 2 1 ground Ozone (03) from Funei oroliferation and incidence.
with weather and air quality con.dltlons_ appear to compete and YR R By RE— e = R T R R T R g - bc_)th measuring stations in L
complement the allergen hypothesis. Motivated by these facts and e R ° - Miami Dade County. I B(t) = B(O) (1 + Sin[2Trt/T])
. . . . . . et A ) e e : ; " Respiratory ) .
aimed at understanding the inner working of asthma, time series of L] e m Miami Dade Climatology - infoctions Seasonally forced infection rate
.. . . . o am | wm | i2 1 i T Allergic rhini
Emergency Department (ED) visits due to asthma in Miami Dade and -~ e = = Weatherbug station | . o| ] and Ssihma
Broward Counties were provided by the Florida Asthma Coalition for w [F e 4 - T T R T R TR 0 365 730 1095 1460 1825 2190 2555 inleracaons
. . . . N 1 1 Time (Days since Jan 1, 2005) i )
six years (2005-2011) with daily temporal resolution. They show a peak o %) A Ozone measuring station .  Time B e an 120 production
. A Prevailing Winds Over the Years
of attendance between the months of November and January and a = - - - - DA S5 LTI By
o _ y 4 W Fig. 3: Geographical locations of automated weather stations from December — February and May 2006, 2009, 2012 (Month data) (%) Relative Humidity
minimum between the months of April and June every year. = 1.= | Weatherbug Mesonet, as well as the two Ozone measuring stations December 2005 |
_ . o _ e January 2006 February 2006 May 2006 B8SI
The time series of weather parameters (Temperature, Humidity, Wind from E.P.A. in Miami Dade County. e L o (a) R et ~ 30 (c)
Speed and direction, Pressure, Diurnal range of both temperature and N — 19— ——————T—— 30,6 | S \; E \I R
. ] . . L T Miami Dade County ol - B s M'am' Dadé Cé""t‘y g R > —  —
humidity, and extreme of both, temperature and humidity) were 2 1 T I W'U" I M %041 ] oE vl
obtained from the Weatherbug mesonet in South Florida. Surface o 0 1 L A LT 1 e ] W JI ‘f 021 : R
ozone, and particulate matter were obtained from EPA registered o= [ I ﬁ. ' :,',fq “r‘ﬁ“”"l‘(f' W' " L \ | ;:" 300 . (b) y
. . . . S TR 1 TN R £ 60 | [ ey -o
stations. Time series and correlation analyses between weather doo U IR TN “u M = M N ‘ »M E 8 - - ~ BSI
variables and the number of cases resulted in weak to moderate SO T RS il £ wer : Cebruary 2000 May 2009 SH—ElI— | —R Neloo-Tg e vR
associations mainly with the minimum and mean temperature, the A (. B | I o G '_ December 2008 y y oE yl B2l
- . . i F | i - i 299 | i Lo
mean humidity, and some derived thermal indexes. Lagging effects ' b 1 ~F ] [ )
were ana|yzed up to seven days previous to ED Vvisit. A AR NI NI R R S " ' 3:5 ' 7:0 ' 1.:95 ' 1‘:60' 1':25 ' 2':90 ' 2‘:55 20 T 365 730 1095 1460 1825 2190 2555 . Flg 12: Schematic representation of the SEIRS model (IEft pane|S),
0 365 730 1095 1460 1,825 2,150 2355 Time (Days since January 1, 2005) '/ ' L Where S — Susceptlble, E — exposed’ I — InfeCted, R — recovered
. : Sl I L L L R gl T e e B B B B S o] e , .. e ey Individuals, B(t) is the seasonally forced infection rate used to model
1. Motivations | V 1 F 1 - R\ Sy R M S 4 5 b1 any r _ S€d e
: o b 1| &L : . | . . \\_,/ o] WSSOV, the seasonal incidence of epidemics affecting asthmatic patients, o
] »F - 0 | 1 S o I Is the rate exposed individuals are becoming infected, while y is the
« How far wgather and ai.r—quali.ty gonditions do affect the triggering P 1 i°F : ) m _ February 2012 May 2012 recovery rate. In th_e rig_ht pa_nel, the SEIRS quel IS represented_ In
of Asthma in South Florida (Miami Dade County)? il 1 .0 1 E | Tl o - the event of two viral infections happening simultaneously during
- What variables might serve as best predictors for Asthma = ‘ | 17 vl kel N ML e 1 =N the season and both |leading to asthma and recovery patients not
outbreaks? ' F 1 F , B I I B B ( showing asthma.
=R N Areas of major incidence | T N I N N S S S S S B R S S S T L7 ) BN
e L e BT f h ) h i i “ 2 H . ses 0 Loos 6o s ) 190 ) css o 265 230 Lo 460 L2 2100 2sss 0 365 730 1095 1460 1825 2190 2555 \
) 5 =n.,§i”:u = %adaeSthnuantW;tCégrdl:cllaT(; Time (Days since January 1, 2005) Time (Days since January 1, 2005) Time (Days since Jan 1, 2005) i \\ \\KQ y,/ W 0_3:_ _ 08 reproduction number : 2.500 ]
R . y actoreing Fig. 4: Time series of: (Upper left panel) Ambient maximum and minimum temperature, o el ;
1=k X the zip code distribution . . . = 06 = ,
ol from billing from ED - (Bottom left panel) Diurnal temperature range, (Upper central panel) Relative Humidity ~ | g
| ) ! maximum and minimum, (Bottom central panel) Humidity diurnal range, (Upper right o4l o ]
=% panel) Mean values of the barometric pressure, and (Bottom right panel) Maximum . 02 ]
= wind speed. K | | | : ]
5 VAG croudiness 30 S R nN——————7——7—— 71— 7T % BT - 4I & s 100 Yo 2 e s 0 10
somsoco < -~ Heat — T T T T T T T 1 60 . Mla.ml Dade County - I Miami Dade ] fime suceptible , S
i L v Q EXCh.an.ge - 1 [ . . . -t '| ] 6o - u n ]
" & '||I|||P i @Res"“‘”" ) WM M sofy " M e RV : | S e B(0) = 1.2, o = 0.45, y = 0.4, the model was run for 300 cycles
: recipitation - - @ I 3 w 30 . n - . . . .
Features of Circled Areas ) iy =5 _ _ 2 a I . | z with T = 8 (periodicity or season length)
c . Solar Radiation C— - . . 'I‘ - > 40| . ~r _
* Very close to highly transited roads and/or Expressways \ %woc% 5 f : Ew . | @30 ‘ . 1 T TN
* High motor load, due to connecting bridges L 2 2 o 1 el ]
: . Ambient Temperature Heat £ 2 T E 2 i all . - _ ol reproduction number : 6.667
* Low income population Exchange °r 1 z 1 - = . N/ - | -
) o ) i - ; Body’s Skin qo L Y= -0-66x+4021 of i - . _ :
* Predominant ethnicity African — American | r=-0.38 R =014 : "'y = (-0.62046)x + 37.11963 - ' <P\ \/ : . 1T =% *
-y ﬁ -10 |- ] 0 [ I IR R U R B R R | o-r.=-9'40.71? R.2=|0'1.654|1 P R N B - - | . | : g
Albedo L o 4 8 12 16 20 24 28 32 10 - 0 10 1 20 2 30 2 _ | ' ] E 4l i
a 80 ' ' z:::ion ir;/iHA*sin(Pi*(x-xc)/w) b aij . . . ' . . ' 0 l 365 730 1095 1460 1825 2190 2555 Tmin (C) i i NET (C) i ° 04: . _ _ o
o ' ; N ] Fig. 5: (Left panel) Elements from the weather with direct impact on respiratory health, A Miami Dade County 1 | , iamiDadeCounty ol o e e Y ] 19 L X A Y A 1 l *
s " i : L T— % . - (Right panel) Net Effective Temperature, it incorporates the joined effect of the ambient 1. i PR ! 5 -:.;I--i".'g-'.-- . ) ] B £ P 0o lBE M TN TN D el D N
i ; - . ® ~ - 1 o 3°r n D m " 7 " B B _ ' ' ' ) ' ' '
g ‘ - . temperature, humidity level and wind speed. g | g by : g | e scepible S
§ 40 | £ e 1 & “f 1 a*f
< ! I | 1 | L @ 40 i w w uoor = = =
5 il |'l |['t ”M i | ! Jh f ] 5 | The respiratory organs are not protected 5 30 1% ) ] %af B(_O% 3.2, 0 OgSV 0.4, the Imodehl was run for 300 cycles
3 . | ! | | { | 1 3 . 38 3 i 3 - -
E 20 | .-|| IW. lww‘; i I W E and humans can do nothlng to prevent the € Lob - " ] E Ll with T 16 (perIO |C|ty Oor season engt )
- = . : . : z | > Z
“ ol ] 10 ambient air entering into the body’s core ol ymozsxezez0 | . y=0.04x + 2535 ol
i 1 1 . i n r=0.09; 2.0. m  r=0.05; 2.0 j | -
%0 35 730 1095 1ac0  1s25 2190 2555 %0 365 730 1095 1a60 1825 2190 2555 area, the IungS, through alrways o- A T T ?09 R. 00(.)8 0 T S .005:2 0.002 - 0 A T T T R CO n CI US I O nS
Days after Januray 1, 2005 L e 0 5 10 15 20 25 0 20 20 60 20 100 0 20 40 60 80 100
_ _ _ AT =Tmax = Tmin (C) AH=H__-H_ (%) O3 (ppb)
Fig. 2. Time series of the number of asthma cases at Emergency : : : Fig. 8: Weather parameters with the largest Pearson’s correlation coefficient « Asthmais a complex disease demanding a system-based approach
Departments (ED) in Miami Dade County (a) and Broward County (b). Why negative thermal loading is so J. ©. P . J | . P . d asystet PP |
. . . Notice the weak to moderate correlation.  Weather influence happens directly as well as indirectly.
It is worth to notice the seasonality of the reported cases. relevant? High relative .
Kevstone in the etiolo of acute 0O=C+E humidity T 0.014 ———————————T——T——— 0.25  The lack of strong correlation between weather parameters and the
° — 24| i _ . s . i __—n ) .. . .
Year Total ~ Mean St. Dev. BRACE oroiect S  Elorid res %ator diseases Y C=1.17x 103 M (T T A I it N PR ~._ 1 Ll " _ number of visits to the ED may be associated with the robustness of
. f— . — 23 | —— - ’ . .
2005 9686 2654 927 s project State of Hlorida piratory _ 3 core | —" 1 oon| —— ] j - the respiratory system to environmental changes.
: : Building Resilience Against Climate * Respiratory heat losses above the norm E=23x10"M(e,—¢e)A | ] : ] v ]  Weather seems to affect more the exposure to epidemics than the
2006 9991 2627 884 S (15 W — effective heat loss) lead to high ~ M- Metabolic heat rate (W / m?) 1§ 12,2 _' thermal requlation P P
2007 8122 2225 851 Florida frequency of respiratory diseases in A — DuBois body area (m?) § 0| 1 §oow 13 : |
2008 8763 2394  8.30 [Asfthma children. T.ore — Body core temperature (°C) i 019 / 1 % o0 ] & o} :
Coalition o . . — I l 0] OJB; : 1 .
2009 10293 2820  8.39 High heat losses from respiratory  T-—ambientair temperature (°C) ) . crectorLaggng on o1 | Eoctof mccing on .. andb. tocether ACknOWIedgmentS
2010 11373  31.16  10.80 organs make it easier for pathogenic e — vapor pressure of ambient air (mm Hg) S N RO A RO N
. . : 0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8 . . . .
2011 11219  30.73  9.18 micro-flora to penetrate the protective €, — Vapor prezssure of core alr (mm Hg) Lag (Days prior to visit Lag (Days prior to visit) Lag (Days prior o visit) Author acknowledges the financial support from St. Thomas University
Overall 69047  26.54 barrier of lungs and may be the reason for M =90 W/ m*person standing relaxed i 0 Effect of laading f , h t Tmi 4 H). Notice th School of Science, Technology, and Engineering Management, the
| . . o increased morbidity. €, =44 mm Hg g. 9: Eftect of lagging from two weather parameters (Tmin and H). Notice the medical data provided by the BRACE project and the Florida Asthma
Table I. Average daily number of ED visits due to asthma in Miami T =370°C weak to moderate correlation despite several days of analysis.

core

Coalition.

Dade.




