
ABSTRACT	
  
An	
   empirical,	
   dimensionless-­‐hyetograph	
   that	
   relates	
   depth	
   and	
  
dura6on,	
  and	
  thus	
  whether	
  a	
  storm	
  is	
  front	
  loaded,	
  back	
  loaded,	
  
or	
   uniformly	
   loaded,	
   based	
   on	
   92	
   gaging	
   sta6ons	
   for	
   storms	
  
known	
  to	
  have	
  produced	
  runoff	
  is	
  available	
  for	
  Texas.	
  Sta6s6cal	
  
characteris6cs	
   of	
   storm	
   interevent	
   6me,	
   depth,	
   and	
   dura6on,	
  
based	
  on	
   analysis	
   of	
   hourly	
   rainfall	
   data	
   for	
   533	
   rain	
   gages	
   are	
  
used	
   to	
  “dimensionalize”	
   this	
  hyetograph	
  and	
  produce	
  a	
   set	
  of	
  
simulated	
  storms.	
  	
  
	
  
These	
  simulated	
  storms	
  are	
  analyzed	
  to	
  generate	
  a	
  set	
  of	
  rainfall	
  
intensi6es,	
   and	
   these	
   intensi6es	
   are	
   compared	
   to	
   global	
  
maximum	
   observed	
   rainfalls,	
   intensi6es	
   es6mated	
   using	
   the	
  
Na6onal	
  Weather	
   Service	
   TP-­‐40,	
   and	
  HY-­‐35	
   publica6ons,	
   and	
   a	
  
current	
  Texas	
  Department	
  of	
  Transporta6on	
  design	
  equa6on.	
  
	
  
The	
  simulated	
  storms	
  agree	
  well	
  with	
  the	
  other	
  methods	
  for	
  rare	
  
(i.e.	
  90-­‐th	
  percen6le	
  and	
  above)	
  occurrences	
  and	
   lie	
  within	
   the	
  
global	
   maxima	
   envelope.	
   The	
   simulated	
   results	
   are	
   quite	
  
different	
  for	
  common	
  (i.e.	
  50-­‐th	
  percen6le)	
  events.	
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DATA	
  SOURCES:	
  
The	
   following	
   sources	
   cons6tute	
   the	
  database	
  discussed	
   in	
   this	
  
poster:	
   Asquith	
   and	
   others	
   (2006),	
   Asquith	
   and	
   others	
   (2004),	
  
Williams-­‐Sether	
   and	
   others	
   (2004),	
   Smith	
   and	
   others	
   (2001),	
  
Barcelo	
  and	
  others	
  (1997),	
  Paulhus	
  (1965),	
  Jennings	
  (1950)	
  	
  
	
  

DIMENSIONLESS	
  HYETOGRAPH	
  
Slopes	
  are	
  dimensionless	
  intensity	
  

INTRODUCTION	
  
The	
   work	
   presented	
   is	
   the	
   result	
   of	
   a	
   ques6on	
   (see	
  
acknowledgements)	
  “How	
  hard	
   can	
   it	
   rain?”	
   	
   Rainfall	
   intensity	
  
has	
   a	
   variety	
   of	
   prac6cal	
   uses:	
   :	
   BMP	
  design,	
   deten6on	
  design,	
  
ra6onal	
  runoff	
  rates,	
  and	
  so	
  forth.	
  

EMPIRICAL	
  HYETOGRAPHS	
  
Sether-­‐Williams	
   and	
   others	
   (2004)	
   analyzed	
   92	
   sta6ons,	
   1507	
  
storms,	
  known	
   to	
  have	
  produced	
   runoff.	
   	
   Each	
   storm	
  dura6on	
  
was	
   divided	
   into	
   4-­‐quar6les.	
   The	
   quar6le	
   with	
   largest	
  
accumula6on	
  of	
  rainfall	
  defines	
  “storm	
  quar6le.”	
  	
  
	
  
The	
   observed	
   rainfall	
   collected	
   into	
   2.5-­‐percen6le	
   “bins”	
   and	
  
smoothed	
   to	
   force	
   monotonic	
   dimensionless	
   hyetographs.	
  	
  
Result	
  is	
  empirical-­‐dimensionless-­‐hyetograph.	
  
	
  
Subsequent	
  to	
  that	
  report,	
  the	
  authors	
  noted	
  that	
  the	
  slopes	
  of	
  
these	
   hyetographs	
   are	
   dimensionless	
   “intensity”.	
   	
   	
   Used	
   that	
  
concept	
   	
   to	
   generate	
   various	
   collec6ons	
   of	
   dimensionless	
  
intensity,	
   but	
   need	
   a	
   way	
   to	
   dimensionalize	
   for	
   comparison	
   to	
  
actual	
  data	
  or	
  for	
  prac6cal	
  applica6on.	
  
	
  

INTNESITY	
  SIMULATION	
  (DIMENSIONLESS)	
  
Use	
  different	
  por6ons	
  of	
  dimensionless	
  hyetograph;	
  simulate	
  

many	
  different	
  intensi6es,	
  then	
  sort	
  and	
  rank.	
  	
  

INTENSITY	
  SIMULATION	
  
Asquith	
  and	
  others	
  (2006),	
  analyzed	
  774	
  sta6ons	
  in	
  New	
  Mexico,	
  
Oklahoma,	
   and	
   Texas.	
   	
   Generated	
   depth	
   quan6les	
   for	
   each	
  
“storm.”	
   (Half-­‐million	
   in	
  Texas).	
   	
   The	
  computed	
  L-­‐moments	
   for	
  
each	
   sta6on	
   for	
   dura6on	
   and	
   depth.	
   	
   Stuided	
   various	
  
distribu6ons,	
   ul6mately	
   recommended	
   a	
   Kappa	
   distribu6on	
   as	
  
most	
  appropriate	
  distribu6on	
  for	
  depth	
  and	
  dura6on.	
  
	
  
T h e y	
   p r o v i d e d “ t o o l s ”	
   t o	
  
parameterize	
   the	
   empirical-­‐
dimensionless-­‐hyetographs.	
  	
  
	
  
Page	
  42	
  explains	
  how	
  to	
  use	
  Kappa	
  
quan6le	
   func6on	
   and	
   L-­‐moments	
  
to	
   recover	
   storm	
   depth	
   (ver6cal	
  
axis	
  of	
  dimensionless	
  hyetograph).	
  	
  
	
  
Page	
  43	
  explains	
  how	
  to	
  use	
  Kappa	
  
quan6le	
   func6on	
   and	
   L-­‐moments	
  
to	
  recover	
  dura6on	
  (horizontal	
  axis	
  
of	
  the	
  empirical	
  hyetograph).	
  
	
  
However,	
  at	
   the	
  6me	
  they	
  did	
  not	
  
provide	
   the	
   “code”	
   to	
   access	
   the	
  
tools	
  (except	
  by	
  reference).	
  
	
  

INTENSITY	
  SIMULATION	
  (CONT.)	
  
An	
  example	
  (with	
  the	
  necessary	
  code)	
  is	
  presented	
  here.	
  
	
  
Selected	
  4	
   sta6ons	
   in	
  Harris	
  County,	
  Texas.	
  Global	
  maxima	
  have	
  been	
  observed	
   in	
   the	
  
region	
  (not	
  these	
  par6cular	
  sta6ons).	
  
	
  
Necessary	
  code	
  to	
  compute	
  using	
  R	
  is	
  provided	
  below.	
  
	
  
	
  
	
  

L-­‐MOMENT	
  TABULATIONS	
  
Used	
  to	
  dimensionalize	
  the	
  empirical	
  hyetograph	
  

HARRIS	
  COUNTY	
  RAINGAGE	
  STATIONS	
  
Four	
  (4)	
  sta6ons	
  used	
  in	
  example	
  calcula6ons.	
  	
  	
  Tabular	
  values	
  of	
  
L-­‐moments	
  (and	
  equa6ons)	
  are	
  shown	
  in	
  figure	
  below.	
  

R	
  CODE	
  	
  
R	
  commands	
  needed	
  to	
  use	
  tabular	
  data	
  in	
  PP	
  1725	
  

RESULTS	
  
Computed	
   empirical	
   percen6les	
   by	
   count	
   frac6on	
   above	
  
and	
   below	
   line	
   an	
   ad-­‐hoc	
  model	
   line	
   (labeled	
   as	
   99%	
   and	
  
50%	
   on	
   the	
   figure.	
   “Design”	
   Equa6on	
   is	
   from	
   TxDOT	
  
manual,	
  derived	
  from	
  TP-­‐40,	
  HY-­‐35	
  reports.	
  
	
  
These	
  results	
  are	
  consistent	
  with	
  prior	
  work;	
  are	
  within	
  the	
  
global	
   envelope.	
   There	
   are	
   considerable	
   differences	
   at	
  
higher	
  dura6on	
  -­‐	
  Texas	
  storms	
  are	
  less	
  intense	
  (than	
  global	
  
maxima)	
   if	
   long.	
   	
  As	
  a	
  prac6cal	
  maher,	
   if	
  used	
  to	
  es6mate	
  
intensi6es,	
   rare	
   (99th-­‐percen6le)	
   es6mates	
   about	
   the	
  
same.	
  
Median	
  es6mates	
  (50th-­‐percen6le)	
  quite	
  different.	
  
	
  
Biggest	
   assump6on	
   is	
   independent	
   depth	
   and	
   dura6on,	
  
along	
  with	
  the	
  extrapola6on	
  to	
  short	
  6me	
  intervals.	
  
	
  

FUTURE	
  WORK	
  
There	
   is	
   evidence	
   that	
   these	
   variables	
   are	
   highly	
   coupled,	
  
especially	
   for	
   longer	
   dura6ons.	
   	
   Condi6onal	
   dependence	
  
should	
  be	
  examined.	
   	
  The	
  common	
  (low	
  percen6le)	
  events	
  
seem	
  especially	
  important	
  for	
  water	
  quality	
  issues.	
  
	
  
	
  

INTENSITY-­‐DURATION	
  DIAGRAM	
  
Comparison	
  of	
  simulated	
  intensi6es	
  (blue	
  markers)	
  and	
  global	
  
maxima,.	
  	
  Red	
  open	
  markers	
  areond	
  “Design	
  Equa6on”	
  are	
  

TP-­‐40,	
  HY-­‐35	
  values.	
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