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TEMPEST NEWS | MAY 2023

A s Dr.  Marty  Ra lph  a nd D r.  Ja son C ordeira  sat  across  the  table  at  a  local  Chi potle  for
lunch,  the y  mused the idea o f  an intensity  scale  s imi lar  to  that  of  hurr i canes  or
tornadoes  for  the  m ore f requentl y  occurr ing atmospheric  r ive rs  be ing s ee n i n  parts
of  the  world.  Ma rty  dre w the concept  of  the  scale,  based on the  intensi ty  and
durat io n,  on  the back  of  a  n apkin.  I t  was  something that  had  bee n bre w ing in  his
mind for  a  wh i le ,  but  i t  wa s  the  f i rst  t ime that  he  talked abou t  i t  w ith  col league s .  We
sat  down with  D r.  Ja s on Co rde i ra  this  month to  learn more about  th e  scale  and i ts
intended uses.

Q: WE'VE HEARD THE TERM ATMOSPHERIC RIVERS A LOT MORE IN RECENT
MONTHS. FOR THOSE WHO DON'T KNOW, WHAT EXACTLY IS AN
ATMOSPHERIC RIVER?
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A:  An atmospheric  r iver  is  pa rt  of  a  larger  storm system.  You mi gh t  be  fam il i ar  with
storms on the Ea st  Coa st  l ike  nor'easters ,  or  mid-latitude cyclones ,  or  Paci f ic
winter  storms;  th e  atmos ph eric  r iver  is  the  part  of  those storms that  contain  strong
winds an d lots  of  moisture.  When you mult iply  those two param eters  togethe r,  you
get  water  vapo r  f lux ,  which is  l i teral ly  a  r iver  of  water  vapor  in  th e  sky.  Whe n that
comes on shore,  in  pla ces  l ike  C al i fornia,  where  you have high terrai n,  the  mountains
essential ly  wrin g  out  the  water  vapor  into  precipitat ion.

Q: ARE THESE EVENTS EXPECTED TO BECOME MORE FREQUENT AND
INTENSE, AS WE'VE SEEN WITH HURRICANES?

A:  The amoun t  o f  water  vapor  t hat 's  in  the  a ir  is  re lated to  tempe ratu re ,  s o  i f
temperatures  co ntinu e to  in crease worldwide,  and especial ly  ove r  the  Paci f ic  basin,
we can  expect  th e  a m o u n t  o f  water  vapor  in  the  a ir  to  a lso  go up.  Th ere  are
pro ject ion s  th at  the  win d speeds might  actual ly  come down a  l i tt le  bit .  But  wi th  th e
increasin g moistu re,  we s h o ul d st i l l  at  least  expect  atmospheric  r ivers  of  s imi lar
intensity  that  ma y la st  a  l i tt le  b it  l onger.  And when we talk  about  increasi ng
temperatures,  yo u  k now,  atm os pheric  r ivers ,  the y  can del iver  lots  of  s now,  as  we
foun d out  this  pa st  win ter,  but  a lso  rain.  I f  i t 's  a  l i tt le  bit  warme r,  th en m aybe we get
less  snow and mo re ra in.  So  t hat  could impact  water  resource s,  es peci al ly  in  place s
l ike  Cal i fornia  th at  depend on  snow for  that  s low melt  into  the su m m ert i m e to  help
sustain  water  reso urces  th ro u gh the dr y  season.

Q: ARE THERE ANY SPECIFIC AREAS THAT PRODUCE MORE INTENSE
ATMOSPHERIC RIVERS OR TIMES OF YEAR THEY ARE WORSE?

A:  S ince atmos pheric  r ivers  are  pa rt  of  larger  storm systems,  the y  us u al ly  fol low  w hat
we cal l  the  storm tra ck .  The sto rm track fol lows the jet  stream,  w h ich  fol lows the
sun .  So  as  the  sun  moves  in to  t he northern hemisphere  and o ur  su m m ert i m e begins,
most  atmospheric  r ivers  and storms also  move to  the  north.  T hen in  th e  w intert ime,
when the Sun  moves  in to  the southern hemisphere,  the  storm track  m ove s  farther
south.  That 's  wh y Cal i fo rnia  a n d t he West  Coast  of  the  US get  a  major i ty  of  the ir
atmospheric  r ivers  dur in g  what  we cal l  the  cool  season from Octobe r-Novembe r
through Februa r y  a n d March ,  b ut  sometimes i t  b leeds  over  o n e ithe r  e nd.  So th ere's
def initely  a  wet  an d a  dr y  sea son,  as  most  l isteners  and readers  m ight  k now.  We get
our  atmo spheric  r ivers  on  th e west  coast  in  the  winter.  That 's  w h en th e y  als o  tend to
be stro ngest .  

Atmospheric  r ivers  o ccur  worl dw ide.  In  Europe,  for  example,  wh ere  th ere ' l l  be  h eavy
rain  and snow in  pla ces  l ike  Po rtugal  and France and England and Nor way.  The re
have e ven been atmo sph eric  r ivers  documented in  Antarct ica.  On th e West  Coast ,
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the y tend to  b e pa rt icular ly  impa ctful  because of  the  high terrai n  of  th e  Sie rra
Ne vada going  up to  two to  th ree k i lometers  or  e ven higher,  or  you  know,  10,000 feet
plus,  on  the East  Coast ,  e ven t hough we get  a  lot  of  atmospheri c  r i ve rs ,  the
mountain s  aren't  a s  high  s o  we do n't  get  as  much rainfal l .

Q: AFTER THE IDEA CAME TO BE, HOW WAS THE INTENSITY SCALE ACTUALLY
BROUGHT TO LIFE?

 A :  When Marty  Ra lph  ca me up  with  this  idea for  the  AR scale,  the  f i rst  th ing he
wan ted to  do was co mm un icate  t hat  AR's  (atmospheric  r ivers )  are  both  benef i c ia l
and hazardous.  Th e ben ef i ts  a nd the hazards  are  obviously  re late d to  ra infal l  and
f loo ding.  So that  ha s  b oth du rat ion components,  how long i t  ra i ns  can i m pact  the
benef i ts  and ha zards,  a s  wel l  as  the  intensity.  Those were  sort  of  the  two -parameter
spaces  that  we consider  fo r  the  AR scale.  

The other  piece  th at  I  th ink  is  a  c rucial  component  of  how the AR s cale  cam e to  be  is
that  a l l  of  the  di f feren t  a u thors  on that  study come from di f fe rent  organizat i ons  or
discipl ines.  So you ' l l  not ice  s e veral  indiv iduals  f rom the USG S,  NOAA,  th e  Nat ional
Weather  Ser v ice,  aca demia,  and state  water  in  Cal i fornia.  So  i t  real ly  took  al l  of
these col laborato rs  workin g to get her  to  te l l  the  ent ire  atmosphe ri c  r i ve r  be ne f i ts
and hazards  stor y.  Once we got  a l l  together,  we sort  of  hashed ou t  how  di f ferent
durat io ns  an d di f feren t  intensi t ies  sort  of  work  together  to  produ ce  th at  s pectrum
from benef i ts  to  ha za rds.

 Atmospheric  r ivers  ha ve a  para meter  that  we use  cal led Integrate d Wate r  vapor
tran sport .  I t  roug h ly  goes  f rom  zero to  1000,  and we broke i t  up i nto  250 uni t  blocks.
So you get  a  rat in g  of  1 ,2 , 3 ,4  or  5 .  Once you get  over  f ive,  you're  over  1000.  A s  for  th e
durat io n,  there's  been a  nu mb e r  of  studies  that  show that  anyth ing that  lasts  for
more than abou t  a  da y is  s ig ni f ica nt ,  and two days  can become  pretty  hazardous .  So
we use that  spa ce to  as s ig n  n umb ers  one through f ive,  ver y  s imi lar  to  w h at  other
rankin gs  do  for  s ort  o f  to rnad o es  and hurr icanes,  but  based on wate r  vapor  in  the
sky,  rather  tha n wind,  wh ich  we use  with  those other  storms.
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Q: WILL WE ALL START TO HEAR THE AR SCALE REFERRED TO ON THE NEWS
SOON?

 A :  We also  have a  n um b er  o f  tool s  and outreach mater ials  that  we us e  to  edu cate
peo ple  abo ut  what  th e  s cale  i s  and what  i t  isn't .  The Nat ional  Weath er  Se r v ice  has
not  adopted i t  widely  yet .  So  i t 's  a  work  in  progress.  Take a  hurr i cane,  for  exam ple .  A
Categor y  1  hurr icane is  the  lowest  on the scale,  but  i t  can st i l l  produce  a  lot  of
impacts .  So i f  you have a  categor y  f ive,  or  we cal l  i t  an  AR 5  e ve nt ,  and i t 's  an
October,  an d i t 's  been rea l ly  dr y,  i t 's  not  going to  be  hazardou s,  i t 's  ju st  going to
replen ish the reser voirs ,  and e ver yone wi l l  be  real ly  happy.  S o th ere 's  a  pu sh,
r ightful ly  so  within  the meteorological  community,  to  warn and to  do forecasts  based
on actual  impacts ,  n ot  j ust  on some scale  number.  So rather  th an sayi ng,  “ Oh,  thi s  is
an AR 4  e vent ,”  the y ' l l  s a y,  “ Th is  is  going to  br ing 6-10  inches  of  ra in,  or  i t 's  going to
pro duce two feet  o f  sn ow,  a nd  t hese are  the  act ions  that  you nee d to  take ."  Rath er
than saying this  is  a  real ly  ha zardous e vent .  So rankings  and scales  can be  real ly
useful  fo r  s i tuat io na l  awaren es s  and for  communicat ing to  em ergenc y managers  or
the media  to  g ive  th em an idea o f  how this  storm compares  to  past  storm s.  But  i t
doesn't  n ecessar i ly  g ive  yo u th e ful l  stor y  in  terms of  what  act ions  to  take  for  a
part icular  e vent .  So i t 's  a  tool  in  t he  toolbox for  s i tuat ional  awarene s s  but  ne eds  to
be combin ed with  other  foreca sts .  
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The scale  has  g lo bal  a ppl icat i o n s  as  wel l .  There  are  publ ishe d papers  on the use  of
the AR scale  in  South America ,  i n  countr ies  l ike  Chi le  and Portugal ,  Ne w Zealand,  and
Austral ia .  There  was  recen tly  a  study that  looked at  us ing the  s cale  g lobal ly.  And i t
does  work .  The n umbers  th at  we came up with  on the West  Coast  are  roughly  s im i lar
to  what  the y  are  globa l ly,  with  t he exception of  some places  l ike  A ntarct i ca,  where
we actual ly  have to  reduce the numbers  a  l i tt le  bit  because the  storm s are  just  that
much weaker.

Q: WHAT'S NEXT FOR YOU GUYS?

 A :  At  the  Cen ter  for  Weste rn  W eather and Water  Extremes ,  we  do a  lot  of  d i f fere nt
research act iv i t ies  to  improve the forecast ing of  atmospheric  r i vers .  So i t 's  not  just
the s i tuat iona l  awa ren es s  piece.  One of  the  act iv i t ies  that  we're  e ngaged in  is
actual ly  us in g the a ircraf t  th at  t he  hurr icane hunters  use  in  the  s umme rt ime  on the
East  Coast .  We us e  th em in  th e  wintert ime on the West  Coast  to  f ly  the  atmos ph eric
r iver  storms 23 4  da y s  before  t he y make landfal l  in  Cal i fornia.  Usi ng those
obser vat ions  a l lows us  to  improve our  weather  models  so  we can actual ly  make
better  predict ion s  of  precipitat ion,  which can be act ionable.  You  know,  more so  than,
say,  the  s i tuat ional  awa ren es s  provided by  the a ir  scale.  So that 's  one exam ple.  

We're  a lso  runnin g tai lored weat her  models  on our  own supe rcom pu te r.  We 're
engaging in  col la b o rat ive  res earch with  water  managers  and the  Cal i fornia
Department  o f  Water  Res ources  to  sort  of  take our  immunological  pers pect ive  to  he lp
inform their  hydro log ic  pers pe ct ive  on how to  operate  there  regardi ng forests  and
dams.  So  as  Marty  Ra lph  l ikes  to  cal l  i t  a  research and operat ions  partne rs h ip.  So we
work  hand in  hand with  th e p e ople  who are  using our  information to  m ake sure  i t 's
being used mo st  ef fect ively.

Q: ARE THERE ANY OTHER APPLICATIONS FOR THE AR SCALE?

 A :  On e o f  the  a ct iv i t ies  we' re  e ngaged in  is  forecast- informed res er voir  operat ions.  I
don't  know i f  yo u've  h eard that  phrase.  Tradit ional ly,  the  Army Corps  and the
Department  o f  Water  Res ources  manage reser voirs  in  Cal i fornia  base d on w h at  are
cal led rule  cu r ves.  So i f  at  a  ce rtain  t ime of  year,  i f  the  water  in  the  res er voir  is
above a  certain  le vel ,  th e y  ha ve to  let  the  water  out ,  and i f  i t 's  be low a  ce rtain  le vel ,
that  the y  can let  the  water  keep accumulat ing when i t 's  running of f  th e  m ountains
and in to  the reser voirs .  

A  fe w years  ago,  there  was  a  cas e  up in  Lake Mendocino,  which  i s  north  of  Santa
Rosa,  where  the water  wa s  above a  certain  le vel ,  so  the y  let  i t  a l l  ou t  be cause that
was what  the  rule  cu r ve  ba sed on what  current  c l imatolog y to ld  the m  to  do.  And th en
it  d id  not  ra in  a gain  for  the  rest  o f  the  year,  so  the  water  ne ver  recovered.  Th at  was

https://cw3e.ucsd.edu/
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the start  o f  the  dro u g ht  in  th e  ear l y  2000s,  l ike  2015-2016.  So the re  was  th is  i dea to
use the weather  forecast ,  a n d i f  i t  d idn't  show that  i t  was  go ing to  ra i n,  may be we
just  ho ld  on to  th at  water  fo r  a  l i tt le  bit  longer.  We sort  of  gau ged our  r i s k  base d on
whether  o r  not  th ere  wa s  goin g to  be  another  big  storm in  th e  fore cast .  A nd the n,  i f
there  was  going  to  b e  a  storm,  we let  out  the  water.  So over  the  last  s e ven or  e igh t
years ,  CW3E has  cha mpion ed t his  use  of  weather  forecast ing  to  inform re s er voir
operat ions.  So wh en we ta lk  about  improving weather  foreca sts  by  f ly ing  the  planes
into them or  improving s i tu at i o na l  awareness,  that 's  a l l  part  of  thi s  broade r  c l i mate
resi l ienc y,  or  c l im ate  a daptat ion program,  to  ask ,  can we bette r  manage th e water  in
Cal i fo rnia  using weath er  forecasts?  

- OTHER WEATHER NEWS -

ATMOSPHERIC RIVERS 101

Enjoy reading this  month’s  in ter vie w on the Atmospheric  River  s cale?  A  Tempest
forecaster  wrote  an art ic le  detai l ing  the sc ience behind atmosph eric  r i vers  and how
the y o perate  within  Ca l i forn ia’s  weather  system.  

Read More >> >

CLIMATE CH ANGE MEANS MO RE MLB HOME-RUNS

We hear  about  the  wa ys  in  wh ic h c l imate  change is  af fect ing l i ves  on a  g lobal  s cale,
down to  smal l  ch a nges  in  our  da i l y  l ives.  One unexpected impact  of  ou r  warming
cl imate  that  ha s  b een  pre vio us ly  speculated but  ne ver  proven wi th  data  unt i l  now?
Home runs  in  Ma j or  League Ba sebal l .

Read More >> >

LOO KING TO WEATH ER  PAST TO  BETTER PREDICT THE FUTURE

More than  a  centu r y  a go so m e  of  the  strongest  winds  Br i ta in  had e ve r  se en came
from a  se vere  win dstorm th at  battered the area.  A  team of  c l imate  sc i ent ists
analyzed and dig it ized ha n d- written data  f rom the storm to  get  bette r  i ns ight  on the
major  storm.  I t  is  est imated t hat  b i l l ions  of  p ieces  of  data  abou t  storms  occurr ing
before  1950 exist  stored in  a rch ives  around the world.  Having informati on about
extreme weather  e ven ts  in  the  past  can provide valuable  ins ight  into  pote nt ial
damages a  s imi lar  sto rm could cause now or  in  the  future.
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Read More >> >

CLIMATE CH ANGE AND YO UR  DAILY BREW

Researchers  and fa rmers  in  Uganda are  working together  to  re introduce  Coffea
Liber ica,  a  species  o f  co f fee  t hat  is  more res istant  to  c l imate  change  than i ts  better-
known current  replacemen ts,  C offea  Arabica  and robusta.  A s  factors  l i ke  c l imate
change an d i ts  ef fects  l ike  droughts  or  pests  and disease are  chal lenging the  coffe e
industr y,  ef fo rts  to  re v ive  the pro duct ion of  Coffea  L iber ica  and oth er  wi ld  s pecies  of
coffee  co uld help  s ecure  th e f ut ure  of  the  coffee  industr y.

Read More >> >

EARTHS OCEANS A R E RAP IDLY WA RMING

Scient ists  aroun d the globe are  taking not ice  of  the  Earth's  rapi dly  warm ing oceans
due to  c l imate  ch a nge a nd n at ura l  weather  patterns  l ike  the  i m pendi ng El  Ni ño.
Higher  ocean temperatures  s ince t he last  E l  Niño has  sc ient ists  braci ng for  a  bi g
appearance f rom th e wa rm weather  pattern.  Pockets  of  the  Earth’s  oceans have been
rapidly  warming over  the  pa st  fe w weeks,  which could have se ve re  i m pacts  on mari ne
l i fe  an d weather  s y stems a ro und t he world  i f  E l  Niño moves  in  as  pre dicte d.

Read More >> >

GAR DENIN G FOR HEALT H

Be yond just  ma kin g yo u r  ya rd l oo k beauti ful  and providing you and your  loved ones
with  f resh produce and h erbs ,  gardening has  many health  bene f i ts  me ntal ly,
phy sical ly,  and nu tr i t io nal ly.  A  smal l  sample  study of  people  w h o wore  act i v i ty
mon ito rs  and ha d th eir  d iet  a nd health  sur ve yed showed after  kee ping a  garden for
one year  compared to  non- ga rdeners  reduct ions  in  stress  and anxiety,  increase d
moderate  exercise  da i ly,  a n d inc reased natural  f iber  intake.

Read More >> >

https://www.sciencedaily.com/releases/2023/04/230424103422.htm
https://www.nytimes.com/2023/04/28/climate/coffee-liberica-uganda.html
https://www.nytimes.com/2023/04/28/climate/coffee-liberica-uganda.html
https://www.health.harvard.edu/staying-healthy/gardening-may-bring-a-harvest-of-health-benefits
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