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Our recent studies (Wang et al. 2007, Wang 2008a and 2008b)

1. Propose two penalized tests to eviea distribution of false alarm and detection power
2. Extend these penalized tests to acchrsttdiater autocorrelation
3. Propose a stepwise testing algorithm foigdetdtple changepoints

The RHtestV2 software package (R & FORTRAWang and Feng 2007
( )

1. PMiedalgorithrfor detecting mean shifts
- in_zero-trersgries with Gaussiihor AR(1) errors——
- for use with reference series
- FindU.wRgfFindUD.wR&tepSize.wRef

2. PMF=calgorithrfor detecting mean shifts —
- in_constant treseries with Gaussidin or AR(1) errors—
- can be used withmference series
- FindYFindUDStepSize

developing3.transPMi=calgorithrfor detecting changepoints
-in norzerodaily precipitatiseries- IID or AR(1) errors
- for use without reference series
- Find4dlyRFindUBdlyR StepSizédly P




Non-zero daily precipitation am QESUUSH»N observed at tirhe
Non-Gaussian dataxisting methods can not be used directly

H,: X, =n+bt+€¢  against
Box-Cox transformafi NI m+ bt +e, 1fifc

m+bt+e,c+1£i £N
Try to find the best transformn aaneahgustive set of trial valuash
a=/,</,<..</,<..</,=b
-1.00<-0.99<,...., <0.99<1.00

1. For each trial vaGIENIRN] apply PMFred to se b GIERIICAVEY

Find[[&ERs  significant change POl SNV g

CalculatSSI= - sum of squared etieriulifiodel,

and profile log-likelin(CATBESRN %EK) +(0,-3) loglY)

2. Find the maximum profile log-like [IINSEEIgr-V ey |(C’ 1/) = 1(C°|/,)

: best transformation; ek e s s C° ={c fork =12,...,K"}

X7 =h(Y;;/,) Detection job is done statistically!

Homogenization — challenging task — discussed late




Monte Carlo simulationfFansPMFred has higher detection power than degs.PMF

Examples to show:

1. The proposed new algorithm works well ng adtacgepoints in real daily P

2. Small P are harder to measure with acculacgeh&n(larger %error)

— discontinuities often exist in freq. seriel Bf(enga, P < 3 mm)

3. In the presence of freq. discontinuity,

any adjustment derived from the measureddatigéod

(e.g., ratio-based, Quantile-matching...)

One_mustddress the issue of freq. discontinuity first!




Examples of application

Daily precipitation recorded at TH#Baisoba, Canada) for Sut 910 to Dec32007
- snowfalls water equivalents; rainfalls adjusted for westiagd@saige undercatch
(Mekis & Hogg 1999; and updates by Eva Mekis)
- joining of two stB852864 for up3d Dec. 1945052880 1 Jan 1946 to 31 Dec. 2007

Different stages of further adjustments - fouRyjsa stries:
1. Not incl. trace amounts, no adjustment f@gngdimag)
2. Not incl. trace amountgjsted for join(noT aJ)
3. Incl. trace amounts, no adjustment foryjGimag)(
4. Incl. trace amouatgusted for join(@gl_aJd)

by Eva Mekis

Vincent & Mekis (2009):
(Used one R ratio & one S ratio for)all data




Results for the two series not including tracs : noT_nal
(noT serie 4N

N n
- n
RARRI RRLRE

o N
n =

(closest to original measure

R=od
-

ratio-based adj. 2. noT_aJ
(aJ changed the mean shift size
from to -0.73 mm)

L]

I N W
[=1 [ in (o]
[LTTT]

Daily precipitation an@unt (mm)

15
transPMFred detected the same 3 changepo gt
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Type Date Documented date of change(s) ]
1 4 Jul1938 9 Oct 1937 to 8 Aug 1938: ¢ -""""“*“"“'“""""-""
changes In gauge type, rim Indé.gr?&@erp 1, of = 3mum precipitation day in the seres
height, observing frequency;
poor gauge condition reported
on 9 Oct 1937
1 24 0ct 1946 31 Dec 1245110 of two nearby
stations (5052864 + 5052880)
1 40ct1976 16 Oct 1975 to 18 Oct 1977
gauge type change
(standard at 12” rim height
to Type B at 16” rim height)

. ol nal
ratio-based adjeT s — —

ansformed daily precipitation amount

Changes in the min. measurable aszount

- . 1945-46
(precision, unit)

2000 JOININGgap 6000 2000 10000
Index momber, 1, of non-zero precipitation day in the series

The ratio-based adjustments for station joinitoghfantexbenize the series, because ...




The discontinuities ma@nlyn the measurements of small precipitat®m(®), especially in
the frequency of ersmIIpre|p|tat,J|oé‘5,IeS of da”

P>3mm- homoeneous|
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Any ratio-based adjustmfeng®ining aret good
in this case, because largeeRdjusted more th
smaller P when they should not be adjusted

'noT_naJ >3mm
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Results for the two series including trace amotr8swT_naJ
4. wT_al
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transPMFred detected the same 2 changepoints: ’ LEL OISR e s T —

Type Date Documented date of change(s) 3 H
1 29Jun 1931 early 198@C gauge intro’'d,;
9 Oct 193Ioticed the need to relocate
the gauge in order to collect a correct
rainfall

1.5

 Transformed daily precipitation amount

1 19 Nov 1945 31 Dec 1.94% 1) of two nearby 1937-38 | | I
stations (5052864 + 5052880) joining 1976-

2000 4000 6000 8000 10000
Index mamber, 1, of non-zero precipitation day in the seties




The frequency of reported trace occurrencer'rmgehleous!
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Adding a trace amount for T-flagged days is not goaugh

Need to address the issue of frequency discomtinuit

Otherwise, adjustments could make the data dewas&efrom the truth!

For example:




Homogenization of daily precipitation-seamgxhallenging!!
a) Ratio-based adjustments

~

We also tried % = m+bt, 1EiEc
i +

b) IBC adjustmentsthe Inverse Box-Cox (IBC) transformatio bt" C+1£1EN

of the fitted multi-phase regressiorg v oy )
.- b V=hi(R/y) = ST EO
exp(xi)1 |f /b :0

Happy? No!
Because large Rea
adjusted similarly,

while they
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c) QM adjustmentsQuantile-Matching (QM) algorithm, ipshiphiation trend component is preser

Precipitation trend compon \?i” = h'l()A(i";/ ) -

De-trended precipitation sq AN RS AME \?i") >OfY" =max,,. Y IY". -Y"30

_max max max

Cumulative Distribution Function (CDF) for each segment
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e.g., Quartile-Matchi
(4 categories)

Category mean precipitation (mm)

Adjustment in non-zero daily precipitation amount (mm)
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This is worséhan the S|mple IBC adjustme
-still inhomogeneous; larger adjustments m
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How to address the issue of frequency discontthuity

_FMFred algo
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For trace:
Flag more days with T? — which dates to flagibbleddgher variables, such as cloud, humidity.

In spite of the uncertainty in the date of tiddm@ days of a trace amount in the series
would help obtain more accurate adjustmergs d@oathtinuitiesing quantile-matching

At least, monthly and annual total P can bd smlpsteunt for the frequency discontinuities,
e.g., adjust the total trace amount in eacloriattmonth’s current trace amount
when no trend in trace frequency




Blending in-situ precipitation data with Batellii¢ation Estimates (SPES)
Blended (gridded) precipitation data for Canada

- Clean up and homogenize in-situ P data (enthmossgible) “clean” in-situ P
- Develop methods to combine different SPEs BSMIW®@S) for CanadanSPEO
- Develop methods to remove biases in the counitrisedsor SPEsmSPEL

- Develop methods to blend the clean in-sithd’baagiremoved mSPEs, i.e., mSPE1
Blended (gridded) precipitation data for Caodhut (Br

- Investigate the use of GEM or RCM precipitsimnaddition, or as an alternative, to
the SPEs as background fields
Blended (gridded) Precipitation Analysis for(Eeothc: 2)
* In collaboration with Vincent Fortin (CaPA project

- Test temporal homogeneity of the blendedtiorecigitaseries,
assess trends and variability, and comparistirenithtasets




Satellite Precipitation Estimates (SPES)

Spatial Temporal Area

Algorithm Input data : :
resolution resolution coverage

Time coverage

GPROF SSM/I 0.580.50 | orbit segments| 708-708 07/1987 to present

UMORA SSM/I 0.2580.250 | Daily/monthly | Global ocean| 07/1987 to present

TVOS HIRS, MSU 1.091.00 | Daily/monthly Global 01/ 1979 to 12/2002

AIRS HSB, AMSU 1.081.00 | Daily/monthly Global 09/ 2002 to present




Case study
- July 2003:

In-situ Gauge stations

Virtual obs grid-boxes
(0.56<0.56)

Number of stations or
grid-boxes

1679

962

Maximum P (mm)

8.6333

7.8067

Minimum P (mm)

0

0.0049

Mean P (mm)

1.82548

1.96386

Standard deviation (mm)

1.36402

1.27724

Number of gauge stns in
a virtual obs grid-box is 1~18

+ 7962 virtual obs grid-p¢

ol SN




July 2003:




Hit - Hit by chance
Hit + Miss+ FalseAlarm - Hit by chnace

(ETS =1 is the best) ETS=

mMSPE1
is the best

(FBI = 1 is the best)

Threshold g (mm/day) p| = Hit + FalseAlarm
Hit + Miss

Correlations wiSPEsvitn virtual
observations (at 962-gdmts)

mMSPE1
is the best

Threshold g (mm/day)

MSPE1

cneves | NN YOLL Very rauch!



125 SPE>=2* Omax
Ratio_cap= 275- SPE* 0.75/0Omax (})max< SPE< 2* Omax
2 " SPE<=0Omax

0 SPE>= 0O max
Additive = 0.5*Omean* (1- SPE/O max) 0 < SPE< O max
0.5* Omean SPE=0



Blending Procedure

Blended field= O(K) +(1- )(O(k)+mSPEs -S(k))
=0(k)+(1- )(mSPEs -S(k))



MSPEO: MSPE1L:
Original mSPEs Bias-removed
SSM/# AIRS MSPESs

(GPROF, UMORA)

Obs’d Field (Kriging) Blended Field



'\Fo reflect changes in

measurement precision/unit

Thaune you very raucr)l



