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5.	
  Conclusion	
  
This	
  study	
  invesDgates	
  the	
  measurement	
  uncertainty	
  of	
  weather	
  radar,	
  which	
  can	
  be	
  ascribed	
  

to	
   two	
   types:	
   sampling-­‐induced	
   and	
   system-­‐induced.	
   A	
   novel	
   method,	
   which	
   is	
   based	
   on	
   the	
  
processing/analysis	
  of	
  weather	
  data	
  collected	
  in	
  radar	
  surveillance	
  with	
  the	
  point-­‐mode,	
  is	
  proposed	
  to	
  
isolate	
  the	
  system-­‐induced	
  error	
  from	
  the	
  total	
  measurement	
  error.	
  The	
  proposed	
  method	
  can	
  be	
  used	
  
as	
  an	
  effecDve	
  tool	
  for	
  the	
  system	
  assessment	
  of	
  weather	
  radars.	
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1.	
  IntroducEon	
  
A	
  well-­‐designed	
  and	
  constructed	
  radar	
  system	
  is	
  a	
  premise	
  to	
  acquire	
  high	
  quality	
  radar	
  data.	
  

In	
  pracDce,	
  measurement	
  precision	
  and	
  system	
  stability	
  are	
  primary	
  quesDons	
  to	
  be	
  answered	
  for	
  an	
  
operaDonal	
  weather	
  radar	
  system.	
  For	
  weather	
  radar,	
  the	
  measurement	
  uncertainty	
  can	
  be	
  discerned	
  
as	
  the	
  variaDon	
  of	
  radar	
  moment	
  esDmates.	
  Considering	
  the	
  random	
  nature	
  of	
  the	
  radar	
  return	
  from	
  
hydrometeors,	
   the	
   sampling	
   effect	
   is	
   generally	
   the	
   major	
   factor	
   contribuDng	
   to	
   the	
   staDsDcal	
  
fluctuaDon	
   of	
   moment	
   esDmates.	
   Here,	
   this	
   uncertainty	
   is	
   regarded	
   as	
   “sampling-­‐induced	
  
uncertainty”.	
  On	
   the	
   other	
   hand,	
   the	
   system	
  hardware	
   imperfectness	
   such	
   as	
   noise	
   and	
   instability	
  
may	
  cause	
  the	
  “system-­‐induced	
  uncertainty”.	
  The	
   la]er	
  uncertainty,	
  which	
  has	
   less	
  dependence	
  on	
  
the	
  sampling	
  configuraDon	
  and	
  has	
  been	
  less	
  addressed	
  in	
  previous	
  literatures,	
  is	
  of	
  more	
  importance	
  
for	
  radar	
  users	
  to	
  assess	
  the	
  quality	
  of	
  a	
  radar	
  system.	
  	
  

Recently,	
   the	
   Enterprise	
   Electronics	
   CorporaDon	
   (EEC)	
   has	
   proposed	
   a	
   robust	
   and	
   easily	
  
implemented	
  approach	
  to	
  quanDfy	
  the	
  measurement	
  error	
  of	
  weather	
  radar.	
  The	
  proposed	
  method	
  
applies	
   the	
   point-­‐mode	
   scanning	
   strategy,	
   which	
   helps	
   to	
   quanDfy	
   the	
   measurement	
   error	
   more	
  
accurately	
  than	
  popular	
  texture	
  analysis	
  method.	
  More	
  importantly,	
  the	
  system-­‐induced	
  error	
  can	
  be	
  
isolated	
   from	
   the	
   total	
   measurement	
   error.	
   As	
   a	
   result,	
   it	
   is	
   parDcularly	
   helpful	
   for	
   assessing	
   the	
  
overall	
  quality	
  of	
  an	
  operaDonal	
  weather	
  radar	
  system.	
  	
  

2.	
  Measurement	
  Uncertainty	
  
The	
  measurement	
   uncertainty	
   is	
   usually	
   characterized	
   by	
   the	
   staDsDcal	
   fluctuaDon	
   of	
   radar	
  

moment	
   esDmates.	
   MathemaDcally,	
   the	
   measurement	
   uncertainty	
   is	
   quanDfied	
   as	
   a	
   standard	
  
deviaDon	
  (SD)	
  of	
  the	
  esDmates.	
  

q  Sampling-­‐induced	
  uncertainty	
  
	
  Based	
  on	
  the	
  sampling	
  theory	
  of	
  random	
  hydrometeors,	
  the	
  sampling-­‐induced	
  uncertainty	
  of	
  

six	
   radar	
   moments:	
   reflecDvity	
   (Z),	
   radial	
   velocity	
   (V),	
   spectrum	
   width	
   (W),	
   differenDal	
   reflecDvity	
  
(ZDR),	
   differenDal	
   phase	
   (Φdp),	
   and	
   cross-­‐correlaDon	
   coefficient	
   (ρhv)	
   are	
   given	
   in	
   the	
   following	
  
formulas.	
  	
  

where	
   σvn=4W�T/λ	
   is	
   the	
   normalized	
   spectrum	
   width;	
   λ	
   the	
   radar	
   wavelength	
   (m);	
   T	
   the	
   pulse	
  
repeDDon	
  period	
  (PRT,	
  second);	
  M	
  the	
  number	
  of	
  pulses;	
  and	
  W	
  the	
  Doppler	
  spectrum	
  width	
  (m/s).	
  
Eqs.	
  (1-­‐3)	
  are	
  adapted	
  from	
  Doviak	
  and	
  Zrnic	
  (1993)	
  and	
  Eqs.	
  (4-­‐6)	
  are	
  taken	
  from	
  Melnikov	
  (2004).	
  
These	
  formulas	
  assume	
  radar	
  echoes	
  having	
  a	
  high	
  signal-­‐to-­‐noise-­‐raDo	
  (SNR)	
  (e.g.,	
  >20dB).	
  	
  

Fig.	
  1	
  shows	
  the	
  theoreDcal	
  sampling-­‐induced	
  errors	
  of	
  radar	
  data	
  sampled	
  with	
  a	
  dwell	
  Dme	
  
of	
  80	
  ms.	
   It	
   is	
   seen	
   that	
   the	
  errors	
   crucially	
  depend	
  on	
   the	
   spectrum	
  width	
  of	
  weather	
   signal.	
   The	
  
errors	
   of	
   polarimetric	
   variables	
   (the	
   2nd	
   row)	
   also	
   rely	
   on	
   the	
   magnitude	
   of	
   cross-­‐correlaDon	
  
coefficient	
  ρhv.	
  	
  

q  System-­‐induced	
  uncertainty	
  
The	
  system-­‐induced	
  uncertainty	
  (due	
  to	
  system	
  noise,	
  instability,	
  and	
  other	
  system	
  imperfectness)	
  is	
  

one	
  of	
  major	
  concerns	
  in	
  assessing	
  the	
  quality	
  of	
  radar	
  system.	
  However,	
  it	
  is	
  usually	
  hard	
  to	
  be	
  quanDfied	
  
through	
   the	
   radar	
   data	
   because	
   the	
   sampling-­‐induced	
   error	
   is	
   ubiquitous.	
   It	
   is	
   important	
   to	
   exclude	
   the	
  
sampling-­‐induced	
  effect	
  when	
  quanDfy	
  the	
  system-­‐induced	
  uncertainty.	
  The	
  next	
  secDon	
  introduces	
  a	
  novel	
  
method	
  to	
  quanDfy	
  the	
  system-­‐induced	
  uncertainty	
  for	
  the	
  purpose	
  of	
  radar	
  system	
  assessment	
  

3.	
  System	
  Assessment	
  
q  QuanEficaEon	
  of	
  Measurement	
  Error	
  Using	
  Point-­‐Mode	
  Data	
  

	
  The	
  point-­‐mode	
  surveillance	
  indicates	
  that	
  the	
  radar	
  data	
  are	
  collected	
  with	
  radar	
  antenna	
  poinDng	
  
at	
  one	
  specific	
  direcDon.	
  It	
  is	
  reasonable	
  to	
  assume	
  that	
  the	
  microphysics	
  of	
  precipitaDon	
  in	
  the	
  same	
  radial	
  
would	
   keep	
   the	
   same	
   within	
   a	
   very	
   short	
   Dme	
   period	
   (dwell	
   Dme	
   is	
   only	
   up	
   to	
   a	
   couple	
   of	
   seconds).	
  
Therefore,	
   the	
  measurement	
   error	
   (standard	
   deviaDon	
  σx)	
   can	
   be	
   quanDfied	
  with	
   two	
   consecuDve	
   point-­‐
mode	
  measurements	
  (i.e.,	
  moment	
  esDmates),	
  x1	
  and	
  x2,	
  by	
  Eqs.	
  (7-­‐9).	
  	
  

two!consecutive!pointFmode!measurements!(i.e.,!moment!estimates),!x1!and!x2,!by!Eqs.!(7F8).!!
!

!! = ! + !!; ! !!!!!! = ! + !!!!!!!!!!!!!!!!!!! (7)!

!! − !! ! = !! − !! ! = 2!!!!!!!!!!!!!!! (8)!

!! = 0.5× !! − !! ! ≈ 0.5× !! − !! !!! (9)!

!
where!symbol!“ ”!indicates!the!expectation!value.!Parameter!!!is!the!measurement!error.!Symbol!
“ ∙ ”!indicates!the!absolute!value!and!symbol!“ ”!denotes!the!data!averaging.!

!
Eq.! (7)! assumes! that! the!measurement!x! consists! of! the! truth! ! !and!measurement! error!!.!

Eq.! (8)! shows! that! the! variance! of! (x1Fx2),! i.e.,! the! difference! between! two! consecutive!
measurements,! should!be! twice! as!much!as! the!variance!of!measurement! error.!Eq.! (9)! gives! the!
estimate! of!!! using! the! data! averaging,! given! the! fact! that! the! precipitation! process! can! be!
assumed!to!be!an!ergodic!process.!!!

!
It!is!worth!noting!that!the!measurement!error!estimated!using!Eq.!(9)!includes!both!systemF

induced! error! and! samplingFinduced! error.! The! samplingFinduced! error! needs! to! be! excluded! to!
better! represent! the! quality! of! radar! system.! This! can! be! accomplished! through! collecting! two!
datasets!with!different!sampling!configurations.!!

!
The!variance!(!!"#"! )!of!measurement!error!for!these!two!datasets!can!be!written!as!
!

!!"#"!! = !!"!#$%! + !!"#$%&'(!! !!!!!!!!!!!!

!!"#"!! = !!"!#$%! + !!"#$%&'(!! !!!!!!!!!!!! (10)!

! = !!"#$%&'(!
!

!!"#$%&'(!
! = !!×!"#!

!!×!"#!
! (11)!

!!"!#$%! = (!"!"#"!! − !!"#"!! )/(! − 1)!!!!!! (12)!
!

!
where!subscripts!“1”!and!“2”!represent!two!different!settings.!The!!!"#$%&'(! !indicates!the!variance!
of! samplingFinduced! error.! The!!!"!#$%! !denotes! the! variance! of! radar! systemFinduced! error! and!
should!remain!unchanged!for!both!datasets.!!
!

As!Eqs.!(1F6)!show,!the!!!"#$%&'(! !should!be!inversely!proportional!to!the!dwell!time!(!×PRT)!
for!data!sampling.!The!ratio!(m)!of!dwell!time!between!two!settings!is!given!by!
!

! = !!"#$%&'(!
!

!!"#$%&'(!
! = !!×!"#!

!!×!"#!
! (11)!

!
According!to!Eq.!(10),!the!!!"!#$%! !values!can!be!estimated!by!cancelling!!!"#$%&'(! !as!!

!
!

a! high! signalFtoFnoiseFratio! (SNR),! the! samplingFinduced! uncertainty! of! six! radar! moments:!
reflectivity! (Z),! radial! velocity! (V),! spectrum!width! (W),! differential! reflectivity! (ZDR),! differential!
phase!(Φdp),!and!crossFcorrelation!coefficient!(ρhv)!are!given!in!the!following!formulas.!!

!
SD Z = 3.24 σ!"M !!.!!!!!!!!! (1)!

!" ! = !
!

!!"
!" !!
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!!!!!!!!!!!!!!!!!! (2)!
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!
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is!the!normalized!spectrum!width!with!a!dimensionless!unit,!λ!is!the!radar!wavelength!(in!m),!T!is!
the! pulse! repetition! period! (PRT,! in! second),! M! is! the! number! of! pulses,! and!W! is! the! Doppler!
spectrum!width!(in!m/s).!Eqs.!(1F3)!are!adapted!from!Doviak!and!Zrnic!(1993),!whereas!Eqs.!(4F6)!
are!taken!from!Melnikov!(2004).!These!formulas!are!valid!at!high!SNRs!(>20dB).!All!the!SD!values!
are!inversely!proportional!to!the!square!root!of!the!dwell!time!(= !×!)!of!radar!sampling.!That!is!
to! say,! the! radar! sampling! with! four! times! of! dwell! time! would! reduce! 50%! samplingFinduced!
uncertainty.!It!is!also!worth!noting!that!the!SD!values!of!polarimetric!variables!crucially!depend!on!
the!magnitude!of!crossFcorrelation!coefficient!ρhv.%

!
The! objective! of! system! assessment! is! to! justify! the! quality! of! radar! system.! Since! the!

samplingFinduced! uncertainty! issue! is! quite! fundamental,! it! can! not! give! a! comprehensive!
assessment!of!the!system!quality.!Therefore,!the!systemFinduced!uncertainty!(due!to!system!noise,!
instability,!and!other!system!imperfectness)!becomes!the!most!concerned!issue!during!the!system!
assessment.!However,!the!systemFinduced!uncertainty!is!usually!hard!to!be!quantified!through!the!
radar! data.! Its! quantification! is! seldom! addressed! in! the! literatures.! In! the! next! section,! a! novel!
method!is!proposed!to!quantify!the!systemFinduced!uncertainty!for!the!assessment!purpose.!!

!
!

3.%% SYSTEM%ASSESSMENT%
!
This! section!presents! a!novel! radar!uncertainty! assessment! approach!based!on!pointFmode!

data!collection/analysis!strategy.!!
!
The! pointFmode! surveillance! means! that! the! weather! data! are! collected! with! the! radar!

antenna! pointing! at! one! specific! direction.! It! is! reasonable! to! assume! that! the! microphysics! of!
precipitation!in!the!same!radial!would!keep!the!same!within!a!very!short!time!period!(dwell!time!is!
only!up!to!a!couple!of!seconds).!Therefore,!similar!to!the!error!quantification!through!a!sideFbyFside!
approach!(Cao!et!al.!2008),!the!measurement!error!(standard!deviation!σx)!can!be!quantified!with!
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!
!

q  QuanEficaEon	
  of	
  System-­‐induced	
  Error	
  by	
  Different	
  Samplings	
  
The	
   measurement	
   error	
   esDmated	
   in	
   Eq.	
   (9)	
   includes	
   both	
   system-­‐induced	
   and	
   sampling-­‐induced	
  

errors.	
   The	
   system-­‐induced	
   error	
   can	
   be	
   isolated	
   from	
   the	
   total	
   error	
   through	
   removing	
   the	
   sampling-­‐
induced	
  error	
  with	
  the	
  following	
  equaDons.	
  	
  

	
  

q  Data	
  CollecEon	
  and	
  Processing	
  
From	
  Eqs.	
  (7-­‐12),	
  quanDficaDon	
  of	
  system-­‐induced	
  error	
  requires	
  at	
  least	
  two	
  consecuDve	
  point-­‐mode	
  

measurements	
  with	
  the	
  same	
  sampling	
  configuraDon	
  and	
  two	
  set	
  of	
  such	
  datasets	
  with	
  different	
  sampling	
  
configuraDons.	
  	
  

The	
   case	
   study	
  has	
  used	
   the	
  data	
   collected	
  by	
   the	
  German	
  Meteorological	
   Service	
   (DWD)’s	
  C-­‐band	
  
polarimetric	
  weather	
  radar	
  (MHP).	
  Two	
  different	
  sampling	
  seqngs	
  as	
  follows	
  were	
  used.	
  	
  	
  

4.	
  Result	
  Analysis	
  

•  Eq.	
  (7)	
  assumes	
  that	
  the	
  measurement	
  consists	
  
of	
  the	
  truth	
  and	
  measurement	
  error	
  ε.	
  	
  

•  Eq.	
  (8)	
  shows	
  that	
  the	
  variance	
  of	
  (x1-­‐x2)	
  should	
  
be	
  twice	
  of	
  the	
  error	
  variance.	
  	
  

•  Eq.	
  (9)	
  gives	
  the	
  error	
  es1mate	
  using	
  data	
  
averaging	
  by	
  assuming	
  the	
  ergodic	
  precipita1on	
  
process.	
  	
  

•  Eq.	
  (10)	
  indicates	
  that	
  the	
  two	
  datasets	
  have	
  
same	
  system-­‐induced	
  error	
  but	
  different	
  
sampling-­‐induced	
  error.	
  	
  

•  Eq.	
  (11)	
  gives	
  the	
  ra1o	
  of	
  sampling-­‐induced	
  
errors,	
  which	
  is	
  inversely	
  propor1onal	
  to	
  their	
  
dwell	
  1me	
  ra1o.	
  	
  

•  Eq.	
  (12)	
  es1mates	
  the	
  system-­‐induced	
  error	
  by	
  
cancelling	
  the	
  sampling-­‐induced	
  error.	
  	
  

SeQng	
  one:	
  
•  PRF: 	
  800Hz	
  
•  Pulse	
  number: 	
  39	
  
•  Gate	
  width: 	
  25	
  m	
  
•  Gate	
  number: 	
  4800	
  

SeQng	
  two:	
  
•  PRF: 	
  300Hz	
  
•  Pulse	
  number: 	
  255	
  
•  Gate	
  width: 	
  25	
  m	
  
•  Gate	
  number:  4800 

Figure	
  2.	
  PPI	
  images	
  of	
  ZH,	
  ZDR,	
  ρhv,	
  Φdp,	
  Wh,	
  and	
  Vh	
  raw	
  data	
  
collected	
  by	
  DWD’s	
  C-­‐band	
  MHP	
  radar	
  using	
  the	
  seqng	
  one	
  

(10:20:01UTC,	
  29	
  July	
  2015).	
  	
  

Figure	
  3.	
  Same	
  as	
  Fig.	
  2	
  except	
  for	
  using	
  the	
  seqng	
  two	
  
(10:21:51UTC,	
  29	
  July	
  2015).	
  The	
  velocity-­‐aliasing	
  is	
  clearly	
  
seen	
  but	
  the	
  data	
  quality	
  of	
  all	
  the	
  moments	
  looks	
  be]er.	
  

Figure	
   4.	
   A-­‐scope	
   of	
   point-­‐mode	
   raw	
   data	
   (ZH,	
   ZDR,	
  ρhv,	
  
Φdp,	
  Wh,	
   and	
   Vh)	
   collected	
   by	
   C-­‐band	
  MHP	
   radar	
   using	
  
the	
   seqng	
   one	
   (10:34:31UTC,	
   29	
   July	
   2015).	
   These	
  
images	
   show	
   quite	
   noisy	
   moments	
   in	
   precipitaDon	
  
region	
  (with	
  high	
  ρhv)	
  due	
  to	
  the	
  short	
  dwell	
  Dme	
  (=0.05	
  
s)	
  data	
  sampling.	
  	
  	
  	
  
	
  

Figure	
  5.	
  The	
  same	
  as	
  Fig.	
  4	
  except	
  for	
  using	
  the	
  seqng	
  
two	
  (10:34:22UTC,	
  29	
  July	
  2015).	
  As	
  compared	
  to	
  Fig.	
  4,	
  
the	
   noisiness	
   of	
   moments	
   have	
   been	
   much	
   reduced.	
  
The	
  ρhv	
  data	
  also	
  tend	
  to	
  be	
  slightly	
  higher,	
  implying	
  the	
  
be]er	
  data	
  quality,	
  which	
   is	
  due	
   to	
  a	
   long	
   	
  dwell	
  Dme	
  
(0.85	
  s)	
  data	
  sampling.	
  	
  

Figure	
   6.	
   The	
   histogram	
   of	
   the	
   moment	
  
differences	
   between	
   two	
   consecuDve	
   rays:	
  
(a)	
  ΔZH,	
   (b)	
  ΔZDR,	
   (c)	
  Δρhv,	
  and	
   (d)	
  ΔΦdp.	
  The	
  
data	
   were	
   collected	
   with	
   seqng	
   one	
   and	
  
limited	
   by	
   0.1<W<2	
   m/s.	
   The	
   histograms	
  
show	
  a	
  large	
  variaDon	
  of	
  sample	
  difference.	
  	
  	
  	
  

Figure	
  7.	
  The	
  same	
  as	
  Fig.	
  6	
  except	
  for	
  the	
  
seqng	
  two.	
  It	
  is	
  shown	
  that	
  the	
  variaDon	
  of	
  
sample	
  difference	
  has	
  been	
  effecDvely	
  
reduced	
  with	
  longer	
  dwell	
  Dme	
  data	
  
sampling.	
  	
  	
  

The	
   following	
   filtering	
  
criteria	
  are	
  uDlized	
  to	
  find	
  
conDnuous	
   precipitaDon	
  
region	
   with	
   high	
   SNR	
  
weather	
   data	
   and	
   less	
  
contaminaDon.	
  	
  
	
  
	
  
	
  
	
  

The!proposed!radar!data!uncertainty!assessment!mentioned!in!sections!2!and!3! is!based!on!
the!weather!data!with!high!SNRs.!Therefore,!the!following!data!filtering!criteria!are!utilized!to!find!
continuous!precipitation!region!and!precipitation!data!less!affected!by!noise!and!nonFhydrometeor!
contaminations.!!
!

• SNR>20!dB!
• ρhv>0.98!
• Texture!of!ρhv!>0.05!
!
The! first! threshold! mitigates! the! noise! effect.! The! second! threshold! ensures! that! most! of!

signals! are! from! precipitation.! The! third! threshold! is! also! helpful.! It! is! known! that! the! clutter!
returns! might! have! very! high! ρhv! values.! The! biographicalFtargetFcontaminated! weather! echoes!
might! also! satisfy! the! second! threshold.! Furthermore,! heavily!discontinuous! region! (with! low!ρhv!
values)! in! a! precipitation! region! (with! high! ρhv! values)! implies! the! existence! of! unexpected!
contamination!or!abnormal!degradation.!Therefore,! the! third! threshold! is!added! to!exclude! these!
unwanted!data.!Considering!the!texture!of!ρhv!in!a!continuous!precipitation!region!is!normally!very!
small!(<0.02),!the!third!threshold!may!not!bias!the!uncertainty!quantification!of!precipitation!data.!!

!
Figs.! 4! and! 5! show! the! histogram!of!moment! difference! (Δ)! for! radar! data! of! two! different!

settings.! The!Δ! is! x1Fx2,!which! is! used! to! calculate! the! standard! deviation! (σdata)! of! radar! data,! as!
shown!in!Eq.!(9).!It!is!noted!that!the!standard!deviation!of!Δ#is!larger!than!measurement!error!and!
they!have!a!relation!of!σΔ=# 2σdata.!As!shown!in!Fig.!5,!the!Δ!values!for!setting!two!clearly!have!much!
narrower!distribution! than! the!data! for!setting!one,! implying! the!setting! two!gives!a!much!better!
data!quality.!!

!
The!table!lists!the!standard!deviation!(SD)!values!estimated!for!four!moments!(ZH,!ZDR,!ρhv,!and!

Φdp).! The! data! points! shown! in! Figs.! 4! and! 5! are! used! for! the! statistics! in! this! table.! In! order! to!
mitigate! the! statistical! error! caused!by!abnormal!data!points,! the!outliers! that! account! for!1%!of!
total!data!points!have!been!excluded!from!the!statistics.!

!
As!indicated!in!Eq.!(10),!measurement!error!consists!of!samplingFinduced!error!and!systemF

induced!error.!Because!the!samplingFinduced!error!is!dependent!on!precipitation!physics,!the!error!
quantification!in!the!table!has!been!classified!with!four!categories!in!terms!of!spectrum!width!(0.1F
0.5!m/s,! 0.5F1!m/s,! 1F1.5!m/s,! and! 1.5F2!m/s).! The! results! clearly! show! the!measurement! error!
decreases!with! increasing! the! spectrum!width,! as! predicted! by! the! theoretical! results! (Eqs.! 1F6).!
The! first! four! rows! give! the! measurement! errors! quantified! from! the! radar! data! collected! with!
setting! one.! The! next! four! rows! give! the!measurement! errors! from! the! data! of! setting! two.! It! is!
worth! noting! that! these! errors! do! not! isolate! the! radar! systemFinduced! errors! from! samplingF
induced! errors.! Using! the! data! processing! in! Eqs.! (10)F(12),! the! radar! systemFinduced! errors,!
shown! in! the! bottom! five! rows,! are! estimated! from! the!measurement! errors! listed! in! first! eight!
rows.!!

!
As!table!1!shows,!the!systemFinduced!error!is!much!less!than!the!samplingFinduced!error!(not!

listed! in! the! table! but! can! be! implied! by! the! total!measurement! error)! for! short! dwell! time! data!
commonly! collected! in! operational! mode.! The! system! error! should! be! independent! with! the!
precipitation!property!and/or!sampling!effect.!As!shown!in!five!bottom!rows,!the!system!errors!for!
four!spectrum!width!categories!are!quite!consistent!although!the!SD(Z)!has!a!minor!exception!for!
this!case.!The!consistency!within!the!system!error!estimates!matches!the!expectation.!!

!

•  The	
  sampling-­‐induced	
  
error	
  may	
  have	
  the	
  
major	
  effect	
  on	
  radar	
  
data	
  quality	
  because	
  
operaDonal	
  radar	
  
generally	
  uses	
  a	
  short	
  
dwell	
  Dme	
  data	
  
sampling.	
  

•  The	
  system-­‐induced	
  
error	
  is	
  small	
  in	
  MHP	
  
radar.	
  

•  The	
  system-­‐induced	
  
error	
  is	
  less	
  affected	
  by	
  
the	
  sampling	
  effect.	
  	
  

•  The	
  system-­‐induced	
  
error	
  is	
  less	
  affected	
  by	
  
the	
  physical	
  property	
  of	
  
weather	
  signal.	
  	
  

Figure	
  1.	
  Example	
  of	
  C-­‐band	
  (5	
  cm)	
  radar	
  theoreDcal	
  sampling-­‐induced	
  errors	
  (SD	
  values)	
  for	
  six	
  moments:	
  Z,	
  V,	
  W,	
  ZDR,	
  
Φdp,	
  and	
  ρhv.	
  The	
  dwell	
  Dme	
  is	
  100	
  ms	
  (e.g.,	
  PRF=600Hz,	
  sample	
  number=60).	
  Low	
  SNRs	
  (or	
  ρhv)	
  would	
  enlarge	
  the	
  errors.	
  


