
Background
★Due to climate change, extreme heat events are 

growing increasingly prevalent. Heat waves present 
myriad challenges to human health and 
infrastructure. Regions of positive temperature 
anomaly have been assoc. with increased risk of 
certain cardiovascular diseases, suggesting that 
general mortality is correlated with heat waves
★Heat waves stifle economic output through a variety 

of modes, such as reduced worker productivity, 
supply shocks to fisheries and higher maintenance 
costs
★We can precisely quantify the presence of heat 

waves by measuring the variation of land surface 
temperature WRT the mean, or LST anomaly. The 
LST anomaly can be graphed for specific regions and 
dates, as shown right
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Research goals
We aim to achieve the following goals:

1.Derive a meaningful relationship betw. mortality 
& LST anomaly using a predictive ML - based 
regressor

2.Obtain a rough estimate of the annual financial 
cost of heat waves (in terms of nom. GDP)



GBR (test 8.73, train 2.83)

Quantifying Heat Wave Cost and Mortality
Roger Yang, Dr. Jingjing Peng, Dr. Peng Yu

August, 2024

Regression Results
★In  p r eviou s  im p lem en t a t ion s  a  Random Forest 

Regressor (RF) was  u sed . We t es t ed  an  en sem ble of 27 
d iffer en t  r egr essor s  t o  det erm in e t h e m os t  accu ra t e  an d  
con s is t en t  on e
★Th e Gradient - Boosting Regressor (GBR) p er for m ed  

t h e bes t . Th ou gh  t h e m odel ach ieves  a  r esp ect able  8 .73 
t es t  MAE, it  s t ill sh ows  s ign s  of over fit t in g  - >  
u n for t u n a t ely in h eren t  t o  t h e sp a r se  n a t u r e  of ou r  
da t aset ; h owever , t h e GB m odel over fit s  les s  t h an  p r ior  
RF im p lem en t a t ion s
★Com p ared  t o  t h e p lo t s  for  t h e RF r egressor ,  t h e GBR 

p er form s  bet t er  wit h  t h e t es t  da t a  wh ile  m a in t a in in g a  
con s is t en t  s t r u ct u r e  wit h  t h e t r a in  da t a . Un like o t h er  
m odel can d ida t es  t es t ed  like Gaussian - Process
Regression (GPR), t h e GBR does  n ot  p er fect ly p r ed ict  
t h e t r a in  da t a  e it h er  (over fit s  les s )

GBR predicted vs. actual events

RF (test 8.82, train 3.35)
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Economic cost estimate
★Usin g a  lin ea r  t em p . h eu r is t ic g iven  in  Lai et al. (2023) ,  

h ea t  wave da t a  fr om  NOAA’s  STAR clim a t ology da t abase 
an d  p u blic da t a  on  t h e GDP br eakdown s  of each  s t a t e ,  
we can  rou gh ly es t im a t e  t h e cos t s  in cu r r ed  by each  s t a t e  
du e t o  decr eased  p rodu ct ion
○ Th is  m et h od  g ives  an  es t im a t e  of $44 billion los t  

an n u a lly du e t o  “ h ea t - exp osed  in du s t r ies ,”  wit h  
sou t h ern  an d  n or t h eas t ern  s t a t es  bein g  p a r t icu la r ly 
a ffect ed . NE was  m ore a ffect ed  in  Ap r . com p ared  t o  
Ju n . Th e “ Grea t  Pla in s”  s t a t es  a lso  con s is t en t ly seem  
t o  be a ffect ed

★Usin g s t a t is t ica l es t im a t es  fr om  Cheung et al. (2021)
cou p led  wit h  p u blic fisca l in form at ion  abou t  sa id  
fish er ies , we can  es t im a t e  t h e econ om ic cos t s  du e t o  
fish ery u n em p loym en t
○Ap p rox. $26 - 32 billion los t  an n u a lly - h owever , 

su bject  t o  flu x
★Tot a l cos t : ~$70 - 76 billion. Som ewh a t  lower  t h an  $100 

B. figu re r ep or t ed  by Congress for  20 20  ( lower  bou n d)

Bottom left: MHWs are  ch aract er ized  by abn orm ally h igh  sea  su r face 
t em p era t u r e . Sh own
ad jacen t is a p lo t of
t h e fam ou s 20 14
“ Blob” MHW t h a t
devas t a t ed Pacific
ecosys t em s an d
aqu acu lt u r e (NASA ,
20 19 )

https://www.jec.senate.gov/public/index.cfm/democrats/2023/8/the-mounting-costs-of-extreme-heat
https://earthobservatory.nasa.gov/images/145602/marine-heat-wave-returns-to-the-northeast-pacific
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