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Climate Prediction Division, JMA

1. Introduction

Guidance is a statistical downscaling technique from GPV data predicted by numerical
model (Fig. 1). Although it is possible to use GPV data for surface elements such as
surface temperature and precipitation, there is a possibility to increase accuracy after
using guidance. In general, guidance uses some elements such as 500hPa height and
850hPa temperature over the target areas. However, the indices associated with El
Nifio phenomenon may be more effective in tropics. The purpose of this training is to

understand how to make guidance for your countries.

Numerical Prediction
---=2> Grid Point Values e.g. height, wind, temperature, etc.

I

Guidance

I

---> Area averaged or stations temperature, precipitation, etc.

Issued Forecast

2. Single Regression model

Our situation is that we have a time series of meteorological variable to forecast and a
set of time series of other variables obviously related to the former. The former and the
latter elements are predictand and predictor, respectively. Our purpose is to predict the
future value of predictand using the relationship between predictand and predictors
and the present values of predictors.

In order to help the recognition of regression method, let consider the simplest case,
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that is, single regression. It is a predictive approach using one predictor.
Single regression model is written as
Y=ax+b+ ¢
Y is objective variable (i.e. predictand), x is predictor, a is regression coefficient, b is

constant. € 1s error term.

_ Estimated regression line

Figure 2 What is Single Regression?
Y is predictand.

X is some other variable that can be used to predict demand.

2-1 Normalization of precipitation

The histogram of temperature is generally normal (Gaussian) distribution but that of
precipitation is usually Gamma distribution and has gaps from Gaussian distribution.
The error distribution of regression model is assumed normal distribution, so
precipitation data is needed to take normalization (Fig. 3). The simplest method is
power technique. JMA seasonal forecast guidance is used the power of 1/4 for

precipitation and snowfall.
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Figure 3 Histogram of precipitation
Raw precipitation data have gap from Gaussian distribution (left).
After taking power of 1/4, the histogram fit Gaussian distribution (right).

Both bold lines indicate Gaussian distribution.




2-2 Methods
Preparation

Observation data
ExerciseForGuidance.xls
GPVdata.xls

Indices.xls

1st step

Open the ExerciseForGuidance.xls.

Paste observation data on a Temperature/Precipitation worksheet.

And input “=AVERAGE(C4:C33)” at C34 to calculate normal.

In case of precipitation, input ="C470.25” at D4 to calculate the power of 1/4 and copy
D4 and paste D5:D33.

H) JrOUE ®EE FRV) BAQD RO YD FT-40 TrrEIW) ALTH)

PO S (3 O B a0 e 8 s A AL 100% z@fjivs Py
C4 - B 257
A | B | & [ D I E I F C & | H [ 1 [y
|1 | Tokyo JAPAR Observation Forecast Prokabilistic Forecast
| 2 | “ear Target hWean Temp  Predictor 1 Predictor 2 Predictor 3 s Regression Error MN(xs, &n)
| 3 | deg C Prob. of above—normal
| 4 | 1978 JJA 25 7
| 5 | 1980 JJA 236
[ 6 | 1981 JJA 242
L7 1982 JJA 238
[ & | 1983 JJA 238
1 9 | 1984 JJA 255
10 | 1985 JJA 248
P11 1986 JJA 238
[12 | 1987 JJA 255
113 | 1985 JJA 238
[14 | 1985 JJA 240
115 | 1950 JJA 259
[ 16 | 1991 JJA 253
117 | 1952 JJA 244
[ 18 | 1993 JJA 230
118 | 1954 JJA 265
[ 20 | 1995 JJA 25 4
121 | 1996 JJA 249
[ 22 | 1997 JJA 25 4
| 23 | 1955 JJA 247
[ 24 | 1995 JJA 257
| 25 | 2000 JJA 262
| 26 | 2001 | JJA 260
| 27 | 2002 A 258
| 28 | 2003 JJA 240
| 28 | 2004 JJA 265
| 0 | 2005 JJA 255
| 31 | 2006 JJA 252
| 3z | 2007 JJA 755
| 33 | 2008 JJA 250
| 34 [MNormal 250
| 35 | slope : #DIV/O1 : HDIV/O1 : HDIV/O1 on
| 36 | Single Regression interce ot HOVAT FOIWAT #$OIVA/ 0
| 37 | Correlation | #DDV/OL | #DIv/0 | 4D/ |
38
| 39 | slope TowvaLue T ogvalue " ogvaLLE
| 40 |Multi Regression Intercept #ALLIE!
| 41 | Caorrelation

For Example: Paste temperature data on JJA in Tokyo from 1979 to 2008.



2rd gtep

Open GPVdata.xls and Indices.xls.

Select a predictor and Paste it on D (in case of precipitation, E) line. Try each of
predictors until you can find the most effective predictor.

Note: Prepared predictors are anomalies from normal.

Eﬂ IFAIWE) ®|EE) TRV BEAQD SR(0) YT F-4D) DrrEDW) ~LTH)
PO S (3 O B a0 e 8 s A AL 100% z@fjivs Py
O3 - & 73040
A | B | & I D [ E I F C & | H [ 1 [y
|1 | Tokyo JAPAR Observation Forecast Prokabilistic Forecast
| 2 | “ear Target hWean Temp Predictor 1 Predictor 2 Predictor 3 s Regression Error MN(xs, &n)
| 3 | deg C £3040 Prob. of sbove—normal
| 4 | 1879 JUA 257 -4 68
| 5 | 1980 JJA 236 -079
| & | 1981 JJA 242 —045
L7 1982 JJA 238 —422
| 8 | 1983 JUA 238 —5E55
1 9 | 1984 JJA 255 —457
|10 | 1985 JJA 245 —416
P11 1986 JJA 238 -475
12 1987 JJA 255 —445
113 | 1985 JJA 238 1.86
14 1989 JJA 240 -1 B6
115 | 1950 JJA 259 -052
16 1991 JJA 253 025
117 | 1952 JJA 244 -452
18 1993 JUA 230 —723
118 | 1954 JJA 265 -3.21
20 1995 JJA 254 042
121 | 1996 JJA 245 -059
| 22 | 1997 JJA 254 173
| 23 | 1955 JJA 247 774
| 24 | 1999 JJA 257 37
| 25 | 2000 JJA 262 1.38
| 26 | 2001 JJA 260 381
| 27 | 2002 A 258 384
| 28 | 2003 JJA 240 347
| 28 | 2004 JJA 265 619
30 2005 JJA 256 1.71
| 31 | 2006 JJA 252 512
| 32 | 2007 JJA 255 536
| 33 | 2008 JJA 250 316
| 34 |MNormmal 250
| 35 | shope 008 . ROV HDIV/ O @n
| 36 | Single Regression intercept 25.00 FOIWAT #$OIVA/ 0
| 37 | Correlation | 040 #DIV/O sonv/o |
38
| 39 | slope TowvaLue T ogvalue " ogvaLLE
| 40 |Multi Regression Intercept #ALLIE!
41 Caorrelation

For Example:

Select Zonal Mean height.



3rd step

Confirm a regression coefficient at D35 and a constant at D36.
Input a regression equation “=$D$35 * $D4+$D$36” at G4.
Copy G4 and Paste G5:G33.

In case of precipitation, should be E, H instead of D, G.

|| Microsoft Excel - ExerciseForGuidanceForSam

H) JrOUE ®EE FRV) BAQD RO YD FT-40 TrrEIW) ALTH)

PO S (3 O B a0 e 8 s A AL 100% - @ lims pazus
G4 - & =FDE35+ED4+E0536
A | B & I D I E F [ & | H [ 1 [y
|1 | Tokyo JAPAR Observation Forecast Prokabilistic Forecast
| 2 | “ear Target hWean Temp  Predictor 1 Predictor 2 Predictor 3 Regression Error MN(xs, &n)
| 3 | deg C 23040 Prob. of sbove—normal
| 4 | 1879 JUA 257 -4 68 2461
| 5 | 1980 JJA 236 -079
| 6 | 1981 JJA 242 —-045
L7 1982 JJA 238 -422
| 8 | 1983 JUA 238 —555
| 9 | 1984 JJA 255 —457
|10 | 1985 JJA 245 —416
P11 1986 JJA 238 -475
12 1987 JJA 255 —445
113 | 1985 JJA 238 1.86
14 1989 JJA 240 -1 56
115 | 1950 JJA 259 -052
16 1991 JJA 253 025
117 | 1952 JJA 244 -452
18 1993 JUA 230 -723
118 | 1954 JJA 265 -3.21
20 1995 JJA 254 042
L2t 1996 JJA 245 -059
| 22 | 1997 JJA 254 173
| 23 | 1955 JJA 247 774
| 24 | 1999 JJA 257 37
| 25 | 2000 JJA 262 1.38
| 26 | 2001 JJA 260 381
| 27 | 2002 A 258 384
| 28 | 2003 JJA 240 347
| 28 | 2004 JJA 265 619
30 2005 JJA 256 1.7
| 31 | 2006 JJA 252 512
| 32 | 2007 JJA 255 6,36
| 33 | 2008 JJA 250 316
| 34 [MNormal 250
| 35 | shope 008 : #DIV/ D HDIV/ O @n
| 36 | Single Regression intercept 25.00 FOIWAT #$OIVA/ 0
| 37 | Correlation | 040 #DIV/O sonv/o |
38
| 39 | slope TowvaLue T ogvalue " ogvaLLE
| 40 |Multi Regression Intercept #ALLIE!
| 41 | Caorrelation

e

] JyOUE) EEE) BRY) BAQD B

Y—UT) F-4(0)

D12 ROW) ALTH)

N EE GG AT R LS S0 R o2 L 200% ~ef
] - £ 5DE35+ED4+E0530
A 5 | o D E [ F [&

[1 ] Tokyo JAPAN Okservation Fore cast
[ 2 | Year Targst Mean Temp. Predictar 1 Predictor 2 Predictor 3 Regres
[ & | degC 23040

| 4 | 1979 JJA 257 —4 68 246
| 5 | 1980 JJA 236 —078 249
| & | 1981 JJA 242 045 250
| 7| 1982 JJA 238 —422 246
| 8 | 1983 JJA 239 555 245
[ & | 1984 JJA 255 -457 248
| 10| 1985 JJA 248 —416 246
|11 ] 1986 JIA 239 —475 246
|12 | 1887 JJA 255 -4.45 248
|13 | 1988 JJA 238 1.86 252
| 14 | 1989 JA 240 —156 249
[ 15 | 1880 JJA 258 —052 250
| 16 | 1991 JJA 253 025 250
|17 | 1992 JJA 244 —452 246
[ 18 | 1883 JJA 230 -7.23 243
|18 | 1994 JJA 265 —3.21 247
| 20 | 1995 JJA 254 092 251
[ 21 | 1886 JJA 245 —058 248
| 22 | 1997 JJA 254 173 252
| 23 | 1998 JJA 247 774 257
[ 24 | 1889 JJA 257 ar 253
| 25 | 2000 JJA 262 1.38 251
| 26 | 2001 | JJA 260 381 253
|27 | 2002 JJA 258 3654 253
| 28 | 2003 | JJA 240 347 253
| 23 | 2004 | JJA 265 618 256
| 30 | 2005 JJA 258 1.7 252
| 31 | 2006 | JIA 252 512 255
| 32 | 2007 | JJA 255 6.36 256
| 33 | 2008 JJA 250 316 253
34 |Normal 250 - - |




4th step

This is the end of single regression model.

You can see a time series line chart of forecast and observation.

Confirm an anomaly correlation coefficient at D37.

(] Mcrosoft Excel -
i) JrAuE) REE ERY) AAD K@) v-uD) 45700 242EIW) ALT(H) — e
ARG BERE IS NV AW T e i) SE o i il i 'Uli”s’f>°'7 " B U EEZ daFEr g s al
95517 |o 3
A =) [ | [ | E T F [ G [ H | | K| L M N [ o [ ® a [ =2 I S ) v
1 Oteeation Forecst Profabiiic Foe cast
[z ] ves Taret  Mesn Temo Predetor1  Predictar2  Predictor 3 [UUKE W Regression Err MK, on)
[a] degC Z3040 Prob. of atove-normal
Lo 1878 Jia =7 BT 215 Time Series of forecast and obsenation
5 1080 Lta 8 078 248
5 | 1801 242 045 =0 20 1008
7| 1602 hia 28 420 245
8| 1863 Ja 239 -555 245 A A B0%
8| 1904 LA %5 457 246 260 A
i i 4 i 3 | N\ N APSAL
" 1886 JJa 238 —475 248
EE3| 1087 L 265 445 248 =0 A An I o
[s] 1688 A 238 186 252 w 7 \'f/ v V ok
14 1988 JJa 240 156 243 B Prob of o
=] 1880 JJ4 %0 -082 250 240 At - 50K |—e—Obeanation
16 1ot L 53 025 0 v e foresst
17 1882 JJa 244 -452 248 40%
18 1983 Ja z30 723 2a3 20 o
19| 1994 Jia 25 azt 247
20| 1885 Ja 24 o8z 251 208
21 1996 i 249 059 249 20
22 1857 Ja 24 173 252 108
28] 1990 A 247 ) 257
[2a | 1686 LA %7 37 253 auo
[=] 2000 a 22 128 1 £
[28] 2001 JiA 20 ET) 253 B
[zz] 2002 JA 28 ans 253
[z8] 2008 JA 240 a7 253
) 2004 Jia 5 &1% 55
E| 2006 Ja 256 1 252
31| 2008 hia %2 512 255
32| 2007 |, %5 636 2586
3| 2008 Ha %0 e ]
24 | Normal 250
= | shooe 005 7 O T HDvAe on
30 Single Regression intercept 2500 ° uOn/o " eniv/o
[ar] s
)
2| s TOWVALUE T WvALUB T #VALUE
| 40 Multi Regression intercept  ©_AVALUE
& Cmhtn
X
43

2-3 Questions

What predictor do you select?

Can you get an accuracy guidance?

How does its guidance predict the hottest/coldest/drought/wet year in your country?



3. Multiple Regression model

The multiple regression model assumes predictand is sum of a linear combination of

predictors.
Multiple regression model is written as

Y=axt+b+ ¢ t=1,2,3,......,n

Y is objective variable (i.e. predictand), x is predictors, a is regression coefficients, b is

constant. € 1s error term.

3-1 Methods

Preparation and 1st step is same as single regression model.

2rd step
Open GPVdata.xls and Indices.xls.

Select some predictors and Paste it on D,E,F line. Try each of predictors until you can

find the most effective combination of predictors while confirming anomaly correlation

coefficient at D37,E37,F37.
In case of precipitation, should be E, F, G line instead of D, E, F line.
(] Microsoft Excel - ExerciseForGuidancerorsampic IR

iE] I7LE) BEE) =RV BAQ =R(0) voUI) F-H0) DrrEIW) ALTH)
RNEA" RN TEE NEY kA WY Y- S AL RACRAL SRS T P r@fiivs pIvvs
D4 - £ -468 -

A | B8 | @ [ o [ E [ F [ & | H \ I |
| 1 | Tokyo JAPAN Observation Forecast Frokahbilistic Forecast
| 2 | “ear| Target Mean Temp.  Predictor 1 Predictor 2 Predictar 3 Xz Regression Ermar M(¥s, an)
| g | deg C 23040 10BW 35T WP RAIN Froh. of above—normal
L4 | 1878 JJA 257 -4 .48 -0.01 003
| 5 | 1980 JJA 234 -0.78 005 -064
| 6 | 1981 JJA 242 -045 -0.03 017
L7 1982 JJA 239 -4.22 0.04 051
| 8 | 1983 JJA 238 5.5 014 -094
| 9 | 1984 JJA 255 -457 -014 034
1 10 | 1985 JJA 248 -418 018 -076
|11 | 1986 JJA 239 -4.75 018 077
|12 | 1987 JJA 255 -4.45 023 -0.02
113 | 1988 JJA 238 1.86 0.08 -035%
|14 | 1585 JJA 240 -156 -02 061
115 | 1990 JJA 259 -052 0.03 02
|16 | 1891 JJA 253 0.25 004 -0.01
117 | 1992 JJA 244 -452 014 -071
|18 | 1893 JJA 230 -7.23 -003 -012
118 | 1994 JJA 265 -3.21 -0.02 074
| 20 | 1895 JJA 254 062 003 -07
| 21 | 1996 JJA 248 059 -0 -0.21
| 22 | 1897 JJA 254 1.73 003 076
| 23 | 1998 JJA 247 774 034 -095
| 24 | 1898 JJA 257 37 -027 017
| 25 | 2000 JJA 26.2 1.38 02 038
| 26 | 2001 | JJA 260 38 004 033
| 27 | 2002 JJA 258 3684 003 03
| 28 | 2003 JJA 240 347 003 00z
| 28 | 2004 JJA 265 619 -0.08 033
| 30 | 2005 JJA 256 1.1 014 —-0.21
| 31 | 2006 JJA 252 512 -0.08 -02
| 32 | 2007 JJA 255 6.36 014 -01%3
| 33 | 2008 JJA 250 3186 —0.21 023
| 34 |Mormal 250
| 35 | slope 008 -052 059 on
| 36 |Single Regression intercept 25.00 25.00 25.00
| 37 | Correlation [ 040 008 032 |
| 368
| 38 | slope 008 023 .00
| 40 |Multi Regression Intercent 2500
| 41 | Carrelation

For Example:

Zonal mean height and Indian Ocean SST and Western North Pacific

Precipitation are selected as predictors for temperature in Tokyo.
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3rd step

If you select two predictors, input “=$D$39 *k $D4+$E$39 * $E4+$D$40” at G4.

If you select three predictors, input “=$D$39* $D4+$E$39 *k $E4+$F$39 * $F4+$D$40”
at G4.

Copy G4 and Paste G5:G33.

And you can confirm an anomaly correlation coefficient at D41.

If the value of E41 is less than those of D37, E37, F37, let’s try the other combination of
predictors until you can get high accuracy multiple regression equation.

In case of precipitation, should be E, F, G, H line instead of D, E, F, G line.

(3] Microsoft Excel - ExerciseForGuidanceForsample

@J I7I{E) ®/EE) =RV BALD SO YD) F-4(0) D BFoWw) ALFH)
PO ET 2SS F KGR F 0@ s AL 2] 43 100%

- (@ ! MS PIZws

G5 - A =§D§39+pD5+FEF30HE ES+§FE30+EFE+§DE40
A | B B [ D E [ F [ & | H [ I

| 1 | Tokyo JAPAN Observation Forecast Protahbilistic Forec:
| 2 | “fear Target Mean Temp. Predictor1  Predictor 2 Predictor 3 Xz Regression Ermor MXs, @n)
| 3 | deg C 23040 MNINOWEST WP RAIN Prok. of above—nor
| 4 1979 JJA 257 -4 468 -0.03 0.03 247
| 5 | 1980 JJA 2346 -079 -01 -0.64 248
| 6 | 1981 JJA 242 -045 0.04 017 250
L7 1982 JJA 239 -422 -017 051 245
| 8 | 1983 JJA 239 555 014 -094 245
| 9 | 1984 JJA 255 -457 005 034 248
1 10 | 1985 JJA 248 -416 o] -078 247
|11 | 1986 JJA 239 -475 -0.02 077 247
|12 | 1987 JJA 255 -445 -013 -0.02 246
113 | 1988 JJA 239 186 007 -035 252
|14 | 1989 JJA 240 -156 o 0.61 248
115 | 1990 JJA 259 -052 o0 02 250
|16 | 1951 JJA 253 025 -017 -0.01 248
117 | 1992 JJA 244 -452 -0.23 —0.71 245
|18 | 1953 JJA 230 -723 -047 -012 240
118 | 1994 JJA 265 -321 -005 074 247
| 20 | 1955 JJA 254 052 o] -07 251
| 21 | 1996 JJA 249 -059 017 —0.21 252
| 22 | 1957 JJA 254 173 -0 078 247
| 23 | 1998 JJA 247 774 012 —095 258
| 24 | 1950 JJA 257 37 0.03 017 253
| 25 | 2000 JJA 262 1.38 015 038 253
| 26 | 2001 JJA 260 381 027 039 255
| 27 | 2002 JJA 259 384 0.0 03 252
| 28 | 2003 JJa 240 347 026 002 255
| 28 | 2004 JJA 265 6§10 003 033 255
| 30 | 2005 JJA 2546 1.71 019 -0.21 253
| 31 | 2006 JJA 252 512 015 -02 255
| 32 | 2007 JJA 255 636 019 -01% 258
| 33 | 2008 JJA 250 318 003 023 252
| 34 Mormal 250
| 35 | slope 0.03 212 059 on
| 36 |Single Regression intercept 25.00 25.00 25.00
| 37 | Correlation | 040 038 032 |
| 368
| 38 | slope 0.04 115 .00
| 40 |Multiple Regression intercepmt 25 .00
| 41 | Correlation

For Example:

Selecting NINOWEST SST instead of Indian Ocean SST make the

correlation coefficient increase.



4th step
This is the end of multiple regression model.
You can see a time series line chart of forecast and observation.

In case of precipitation, input “=H474” at 14 to power of 4, and copy 14 and paste 15:133.

(=] sweroace ecsi -
i) IrAuE REE B

o
S

) I-UD 57 SRS AT RREANLTSEE L B x
o

— PEYET - iMs PIzws e PRI T, DR A I ey v |

EEFETVIN
a

B ¢ [ o [ E F [ & H 1 [ T ®x T O T m [ w8 [ o [ P [ @ [ R [ s [ T [ U Y=

1 Otesnation Forecast Probsblistic For cast

2 vesr Taet  Mesa Temo Predctori  Predictor?  Predicord WEUKEN Regression Evor Mz, on) N

[a] dgC Z3040 NHCWEST WHP RAIN Prob of above-normsl

| 197 A %7 BT -0 o 2437 Time Series of forecast and obseration

s 1680 LA 236 078 -a1 -84 248

el 1981 SR 242 045 0 017 20 210 1008

| 1082 JIA 238 a2z 017 ost 245

] 1983 LA 238 555 014 094 245 r\ I\ a0%

| 1884 1A =5 457 o8 03 248 260 A

10 1985 JJ 248 4186, 0 078 747 /\ l MM 0%

1 1686 1A 238 475 00z 017 247

1 i oo Pa AN ; -

13| 1686 A 238 188 o7 035 52 —YW N A V 08

14| 1988 L 240 -156 om o5t 743 B Prob. of k0w
| 1650 L4 55 -052 o0t 0z %0 240 = ¥t 508 o

10] 1981 Jn w3 0z ov om  zg v

17 1692 LM 244 457 -023 07 245 s B
18| 1883 Jua 230 -723 =047 =012 240 230 0%

19 | 1604 LA 265 -azi -6 o8| 247

20 1885 Ja 24 082 [) 07 51 208

21| 1096 i 249 058 017 -021 252 20

22 1887 JJa 254 178 -031 076 247 10%
[25] 1096 A 247 774 012 085 258
[2a | 1686 LA %7 37 003 017 253 a“n = -
[=s] 2000 18 262 138 015 038 253 EEsE g2z 8
[26] 2001 A 260 Tl 027 oz 5 ==F= ===
[ar] 2000 JA 28 B4 oot 03 252
[z] 2008 SR 240 347 025 om 5
[2s] 2004 1A 265 618 o008 033 255
[2a] 2005 SR 256 1 o018 -om w3
[a1] 2006 A 2 512 015 -0z 255
[zz] 2007 SR 255 636 o018 018 758

3| 2008 4 0 ate 003 0z 252

39 |Normal 250

5] sbo on
| 3 Single Regression intercept

37 | Correistion
=
|38 sbpe

40 | Multiple Regressian inercape 2500
La1 ] Comeistion

az

3

ETH|

£ Time Series of predictor and predictand

:;: 10 -‘ 710
Lael ” e P 2
W+ + o)\ Tamgmratum (Precigtation/ « W 1

3-2 Questions
What predictors do you select?

Can you get more accuracy guidance than single regression model?

How does its guidance predict the hottest/coldest/drought/wet year in your country?

3-3 Reference

See the first reference materials about regression model in detail.



4. Probabilistic Forecast

Seasonal forecast has uncertainty due to chaotic character of the atmospheric flow.
Therefore it is necessary to take into account uncertainty of forecast. To do this, the best
method is the probabilistic forecast. Here we present probabilistic forecast issued by the
Japan Meteorological Agency (JMA) and verification of probabilistic forecast.

The Probability Density Function (PDF) is assumed as normal distribution
(Gaussian distribution) with mean X, and standard deviation o, (Fig. 4).
The mean X; is predicted by single/multiple regression model and standard deviation
is assumed as root mean square error of regression model.

JMA has issued three-categorical probabilistic forecast based on this guidance around

25th every month (Fig. 5).

Figure 4 Schematic diagram of forecast probability density function (PDF)

Below Normal bove Normal

A

Below Nomal Normal Above Normal
40% 40% 20%

Figure 5 Schematic diagram of three categorical forecast

4

Dash lines indicate threshold value.



4-1 Methods
Preparation
ExerciseForGuidance.xls

Note the line for precipitation same as multiple regression model.

1st step

To calculate square of regression error, input “=($G4-$C4)*2” at H4.
¢ 2={y — (ax + b)}2

Copy H4 and Pate H5:H33.

In case of precipitation, should be I, J line instead of G, H line.

(5] Microsoft Excel - ExerciseForGuidanceForsampic I
@J IJ7AIE) |EE) TRN) BAQ ==(0) YT F—4D) 2+FEoW) ~ILFH)
HRNER = RERE TP RN A N RN AT R N N

= @)! MS PIZws

H4 - & =(§G4-§C4aT2
A | B | & I D I E I F [ e ] H [ 1 [y

|1 | Tokyo JAPAR Observation Forecast Prokabilistic Forecast
| 2 | “ear Target hWean Temp  Predictor 1 Predictor 2 Predictor 3 s Regression Error MN(xs, &n)
| 3 | deg C 23040 RINOWEST WP RAIN Prob. of sbove—normal
L4 | 1979 JJA 257 -468 -003 008 247 1.040
| 5 | 1980 JJA 234 -0.78 -04 —0564 248 1529
| 6 | 1981 JJA 242 -045 004 017 250 0669
L7 1952 JJA 238 -422 -017 015 245 0418
| B | 1983 JJA 238 555 -014 —054 245 0.361
| & | 1954 JJA 255 -457 005 034 248 0520
110 | 1985 JJA 248 —416 8] —0.78 247 0.003
P11 | 19586 JJA 238 -475 -002 Q77 247 0620
112 | 1987 JJA 255 —445 -013 —002 245 0847

13 19585 JJA 238 186 Q.07 —0.35 252 1673
114 | 1989 JJA 240 -156 o sl 248 0838

15 1580 JJA 258 -052 oo oz 250 0847
|16 | 1981 JJA 253 025 -017 -0 248 0231

17 1952 JJA 244 -452 -023 -0m 245 0.004
|16 | 1983 JJA 230 -723 -047 -012 240 1.040

19 1984 JJA 265 -3.21 -005 074 247 3074
| 20 | 1985 JJA 254 0582 4] -0.7 251 0118
121 | 1996 JJA 248 -058 017 021 252 0.067
| 22 | 1987 JJA 254 173 -0.3 074 247 0424
| 23 | 1958 JJA 247 ENL] 01z —085 256 0825
| 24 | 1953 JJA 257 37 003 017 253 0184
| 25 | 2000 JJIA 262 138 015 038 253 0851
| 26 | 2000 JJA 2610 381 027 038 255 0210
| 27 | 2002 JJA 258 384 o 03 252 0428
| 26 | 2003 JJA 240 347 024 002 255 2279
| 29 | 2004 JJIA 265 G618 008 033 255 1.065
| 30 | 2005 JJA 256 171 018 021 253 0077
| 31 | 2006 JJA 252 51z 015 -0z 255 0.080
| 32 | 2007 JJA 255 G636 018 —018 256 0.011
| 33 | 2008 JJA 250 316 003 023 252 0.051
| 34 |Mormal 250 =
| 35 | slope Q.08 212 059 on
| 36 |Single Regression intercept 25 00 2500 2500

a7 Mnrmlatinn | man nan naz |
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2rd gtep
To calculate Root Mean square error, input “=SQRT(AVERAGE(H4:H33))” at H34.

This value is used as standard deviation of normal distribution.

(3] Microsoft Excel - ExeraseForGuidanceForsample |

H] JrME) \EE) =RV BAQ SO0 YD) F-H[D) TrEIW) ALTH)

PN SRSV K G T e 8 T 8] Z] 4P 100% 1@ ivs PI=vs
H34 - & =SQRTIAVERAGE H4:H33))

A | B | & I D I E I F [ e ] H [ 1 [y
|1 | Tokyo JAPAR Observation Forecast Prokabilistic Forecast
| 2 | “ear Target hWean Temp  Predictor 1 Predictor 2 Predictor 3 Regression Error MN(xs, &n)
| 3 | deg C 23040 RINOWEST WP RAIN Prob. of sbove—normal
|4 | 1979 JJA 257 -468 -003 008 247 1.040
| 5 | 1980 JJA 234 -0.78 -04 —0564 248 1589
| 6 | 1981 JJA 242 -045 004 017 250 0669
|7 1952 JJA 238 -422 -017 015 245 0418
| B | 1983 JJA 238 555 -014 —054 245 0361
| & | 1954 JJA 255 -457 005 034 248 0520
|10 | 1985 JJA 248 —416 8] —0.78 247 0.003
|11 19586 JJA 238 -475 -002 Q77 247 0620
112 | 1987 JJA 255 —445 -013 —002 245 0847
|13 | 19585 JJA 238 186 Q.07 —0.35 252 1.673
|14 | 1989 JJA 240 -156 o sl 248 0838
| 15 | 1580 JJA 258 -052 oo oz 250 0.847
| 16 | 1981 JJA 253 025 -017 -0 248 0231
117 | 1952 JJA 244 -452 -023 -0m 245 0.004
| 16 | 1983 JJA 230 -723 -047 -012 240 1.040
119 | 1984 JJA 265 -3.21 -005 074 247 3074
| 20 | 1985 JJA 254 0582 4] -0.7 251 0118
|21 | 1996 JJA 248 -058 017 021 252 0.067
| 22 | 1987 JJA 254 173 -0.3 074 247 0424
| 23 | 1958 JJA 247 ENL] 01z —085 256 0825
| 24 | 1953 JJA 257 37 003 017 253 0184
| 25 | 2000 JJIA 262 138 015 038 253 0.8
| 26 | 2000 JJA 2610 381 027 038 255 0210
| 27 | 2002 JJA 258 384 o 03 252 0429
| 26 | 2003 JJA 240 347 024 002 255 2279
| 29 | 2004 JJIA 265 G618 008 033 255 1.065
| 30 | 2005 JJA 256 171 018 021 253 0077
| 31 | 2006 JJA 252 51z 015 -0z 255 0.080
| 32 | 2007 JJA 255 G636 018 —018 256 0.011
| 33 | 2008 JJA 250 316 003 023 252 £.051
| 34 |Mormal 250 I 0825 _l
| 35 | slope Q.08 212 059 on
| 36 |Single Regression intercept 25 00 2500 2500

a7 Mnrmlatinn | man nan naz |
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3rd step

Assuming normal distribution N(Xs, 0 n),

input “=1-NORMDIST($C$34,$G4,$H$34,TRUE)” at 14.
Copy I4 and paste 15:133.

The values of I line indicate the probability of above-normal.

In case of precipitation, should be K line instead of I line.

] JruE) BEE) FRV) BAD K0 v-uI) F-F0) TrrRoWm)  ALTH)

S | | ¥ &% a3
UM
A | B B D E F G H I o
| 1 | Tokyo JAPAN Observation Forecast Protabilistic Forecast
| 2 | Year Target Mean Temp. Predictor 1 Predictor 2 Predictor 3 Xs Regression Ermor M(¥s, @n)
| g | deg C £3040 MNINOWEST WP RAIN Prob of above—normal
|4 | 1979 JJa 257 —468 003 o[ 247] 1.040 [71 -NORMOIST($CES4 §
| 5 | 1980 JJA 234 -079 -01 -064 2438 1.529 42%
| 6 | 1981 JJa 242 -045 004 017 250 0.66% 51%
L7 1982 JJA 239 -422 -017 051 245 0419 29%
| 8 | 1983 JJa 235 565G -014 -094 245 0.361 27%
| 9 | 1984 JJa 255 -457 005 034 243 0520 39%
110 | 1985 JJa 248 -416 0 -076 247 0.003 38%
111 | 1986 JJA 239 -475% -002 Q77 247 0620 35%
12 | 1987 JJa 255 -445 -013 -0.02 244 0847 3%
113 | 1988 JJa 238 186 007 -03% 252 1673 59%
|14 | 1989 JJA 240 -156 o0m 061 245 0835 48%
115 | 1990 JJa 259 -052 0m 02 250 0847 49%
|16 | 1951 JJa 253 025 -017 -0.01 248 0231 4%
117 | 1992 JJa 244 —452 -023 -0 245 0.004 26%
|18 | 1953 JJA 230 -723 -047 -012 240 1.040 12%
118 | 1994 Jua 265 -321 -005 074 247 3.074 38%
| 20 | 1985 JJAa 254 0852 0 -07 251 0118 53%
121 | 1996 JJa 248 -059 017 -0.21 252 0047 58%
| 22 | 1987 JJA 254 173 -031 076 247 0424 38%
|23 | 1998 JJa 247 774 o1z -095 254 0825 T
| 24 | 1989 JJA 257 37 003 017 253 0154 62%
| 25 | 2000 JJA 262 1.38 015 038 253 0891 62%
| 26 | 2001 JJA 260 381 027 039 255 0210 4%
| 27 | 2002 JJA 258 384 om 03 252 0428 62%
| 28 | 2003 JJA 240 347 026 002 255 2278 73%
| 28 | 2004 JJA 265 618 008 033 255 1.065 1%
| 30 | 2005 A 2548 1.71 018 -0.21 253 0077 65%
| 31 | 2006 JJA 252 512 015 -02 255 0.080 2%
| 32 | 2007 A 255 636 018 -01% 254 0011 T
| 33 | 2008 JJA 250 318 003 023 252 0.051 61%
[ 34 Normal 05825
| 35 | slope 003 212 059 on
| 36 |Single Regression intercept 25.00 25.00 25.00
| 37 | Correlation | 040 038 032 |
| 368
| 38 | slope 004 115 .00
| 40 |Multiple Regression intercent 25 .00
| 41| Carrelation
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4th step
This is the end of probabilistic forecast.

You can see a time series bar chart of probabilistic forecast.

crosoft Excel

TrAME) REE BAY) WAL #0) Y-MD I57E) SYEOM) ALFE) m -8 x
fms pzzes PE P RSS * T, DR TPty e |
B H | 1 J_ [ K | L | M [ N [ o [ P | @ | R [ s [ T | u [ v —=
1 Probsbilistic Fore cast
[z] vesr Targst N, o
(R Prob of abowe-normal
[a] 1670 JJa 1040 358 Time Series of forecast and obseration
=] 1880 JA 1528 428
[o] 1901 JJA asea 518 20 _ o
] 1082 JIA aatn 265
8 1983 LA 0381 278 r\ I\ 805
[l 1084 LA 0520 E 260 A
1985 J oo 38% 0%
1085 LtA 0820 358 AR oe
1907 JiA o087 18 %0
1083 Lta 1873 S0 08
1 1908 LA 0839 163
15 1650 L4 087 aa 240 =4 ¥ 508
16 1881 A az31 s
17 1902 L Q004 268 \] aos B
18 1953 A 1010 i 230 .
19 1994 A 3074 308
20 1885 Ja on1s 58% .
l21 ] 1096 i Q087 565 20
|22 16887 A 0424 388 108
[2a] 1698 JJa 0825 78 I
[2a] 1888 LA a1ss 67% a“n - - o
{2 2000 44 o861 b2 BEpEE3EEEEEE2 5283 FREFERRERE
[26] 2001 JA az10 I SESSENARS
[z7] 2002 A 0420 [} .
[28] 2008 JA 2219 a5
[za] 2004 JIA 1088 s
[0] 2006 J1A oo 558
[31] 2008 LA acen 2%
32 2007 Ja oot 7%
[33] 2008 L4 acst 515
34 |Normal o825
E3
| 3 Single Regression
[57]
28]
|39
40 Multiple Regressian
[EIN|
'z
15
[aa]
5 Time Series of predictor and predictand
o 10 -‘ 710
jae | P

For Example: Completion of probabilistic forecast for temperature.

Mcrosoft Excal -
5] ZrA0E REE BAY) WAL Q) Y-MD I57E) SYEOM) ALFE) TR -8 x
o 2 r_ 2l v revs PE
CEFETFAN A
[ o | E [ F | & [ H [ 1 [ a4 T K L [ ™ [ N [ o [ P | @ | rR | 8 [ T U v [ w [ % [ v
[1 | Doseruation Farmcast Probatiletic Fomcast
| 2 Precioitstion power of 1./4 Mz, o)
|73 oeg mm deg mn 025 SAMOL WHP RAIN [0S SST  deg mm 025 deg mm Prob of atowe-mrmal
[ T 4 of 008 -0 47 4a04 a4t 155 -
s 5430 18 14 “os4 acs 45 ams ocal 38 Time Series of forecast snd observation
[o] 4030 45 -o0e 017 -oc 47 407 ookt 183
[ s Er] ooe o051 a8 45 4315 oms s7% . ook
[e]  soen 47 -03 084 a1s 43 354 anm 178
[a] sisa a2 008 034 018 45 sl oMe so% s0%
10 120 50 025 o7 a3 48 sate | opa7 a3 10000
1] soes ] 005 0Tt 018 45 smd4 ol 0%
(3] eors 51 -021 038 acs 45 anid | o4 305 000
1 185 52 o1a o061 -0z 50 ees | ooy 795
15 3008 4z oo 02 0@ 45 4535 oz 4% 1
16 14520 as oot o0 o0 15 510 o000 as P oaoon A
17 375 a2 016 -0 016 44 2830 0000 21% /i L
18 8885 56 o1 012 -0 47 5016 0785 5% \’ - | ]
19 3005 42 o021 074 -0c8 45 583 oMo 545 4000 W
20 3675 23 ~oz8 -07 0@ 45 87 0co s
2]  aeto 42 o013 -0z -0 46 4826 0144 418
|22 4585 E) -o18 o078 am 45 4238 0086 338 2000
[za] 4508 46 006 085 036 41 2ees | 0232 & 108
|24 B35S 54 o008 o017 =027 51 6545 alol BO% I
2] 1675 53 azs 038 -2 50 6363 008 ki3 oo 0%
26 | 3228 42 028 038 004 47 4899 0218 508 2 8 8 8 ¥ 8 8 8 8 8 8 8 8 & 8
[zr]  sess 5 016 03 aca 45 4420 o6 308 2 2 ¢ 2 2 g 2 2 2 2 2 58 §8 8 S8
[z8]  oezs 50 013 o0z om 47 4703 o143 153
[za] o155 ] oot 033 -ore 47 smes | oaie 535
[sa]  sors 50 -0 -0z a1s 44 a3 aan 213
[31]  aces 18 008 -0z -ors 45 sz ook £
32 425 3 oot 018 014 45 3850 o 263
[33] eeto 51 o13 023 -0zt 50 60 o0ee =5
3 14910 a7 ozt
3 s 15 097
[ 36 |intmrcapt 55
[ 37 [cormeiatian 005 033
28]
| 25 slope 036 o000 -138
40 inercep 465
41 Carreistion
'z

For Example: Completion of probabilistic forecast for precipitation.

4-2 Question
What is the difference of probability between temperature and precipitation?
4-3 Reference

See the second reference materials about seasonal forecast and predictability.
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The following are additional exercises

5. Evaluation of Probability forecast

In this section, we will present two techniques for evaluating probability
forecasting: one is the reliability diagram, which shows occurrence frequencies by
forecast probability, and the Brier score used to evaluate the forecasts; and the other is
the ROC (relative operating characteristic) curve, which is drawn based on “hit rates”
and “false alarm rates” that are often used to evaluate forecasting techniques. Fig.6

shows examples of these diagrams.

Ed (135.0-140.0,35.0N=37.5N) _ _
BSS=18.42 Brel=98.3 Bres—19.7 EJ (135.0-140.0,35.0N=37.5N)
Ax100 = 75.6
; 100
. 0%
0.9 90
0.8 4 801 30%
- 0.7 g 704 403
wr 4
c 0.6 @ 60 50%
L 0.5- © 501
S 0.4 E 49| POOF
L 0.3 T 30 #70%
0.249 . 70 #e0=
0.11 TTT—— 10499
0 T 7T . 0 % — : . : . . . . .
0 0.10.20.30.40.50.60.70.80.9 0 10 20 30 40 50 60 70 B0 90 100
Forecast Probability False Alarm Rate (%)

Figure 6 Performance of guidance for monthly forecasts for Eastern Japan

Left: Reliability diagram; Right: ROC curve

The red line in the diagram on the left shows occurrence frequencies by forecast
probability, and the green line shows frequencies of forecast probabilities.

The curve in the diagram on the right shows combinations of hit rates and false alarm

rates by forecast probability value.

a) Brier Score
The Brier score (hereinafter abbreviated to BS) is used as a score to enable a
comprehensive evaluation of probability forecasting. The BS for two categories (written

as b) is defined by formula (1):
1 N
b= 2(p—v), 0<p <l v {0l M
i=1

where N represents the total number of forecasts, p; a forecast probability value,

and V; a variable that assumes 1 when the predicted phenomenon occurs and 0 when
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it does not occur. A smaller value of b represents a better result, and the BS is 0 for
perfect prediction, where forecasts are deterministic, with probability values assuming
either 0 or 100%, and where all of the forecasts come true.

Murphy (1973) showed that b can be mathematically decomposed into three
terms. If we rewrite (1) by separating terms for occurrence of the phenomenon from
those for non-occurrence, we obtain

bﬁ{Z(pt—1)2Mt+2(pt—0)2<Nt—Mt)} )

t

where t is a subscript assigned to each probability value (for example, p, =0.1), M,
the number of predicted phenomena that actually occurred for the #th probability value,
and N, the number of forecasts made for the £th probability value. We can transform

(2) further to obtain (3):
M., N M M. ,N M M
b=>"(p ——1)? L - (-~ L (- 3)
t(pt Nt) N I(N Nt)N N( N) (

¢ » Which represents the total number of predicted phenomena that

where M =Z M
t

actually occurred.
The first term of the right hand side of (3) is called “reliability.” If we allow brel to
be the reliability, then

N

brel = (p, —%)2 Wt (4)

M
where — is the proportion of predicted phenomena that occurred to the total number
t

of forecasts for the #th probability value (hereinafter referred to as the occurrence
frequency). A curve obtained by plotting the occurrence frequency for each forecast
probability value is known as a reliability diagram. A smaller values of brel represents
a larger number of forecasts made with forecast probabilities that match actual
occurrence frequencies. If all points of the reliability curve are located on the 45-degree
line where forecast probabilities and occurrence frequencies match, brel =0.

The second term of (3) is called “resolution.” If we allow it to be represented by
bres, then
bres =) (M - &)2 Ny (5)

— N N, N

The negative sign of bres in (3) indicates that larger values of bres represent better
results. A larger value of bres indicates that the difference between the occurrence

frequency of each forecast probability and the climatic frequency of the forecast event

W is greater. An examination of the reliability curve reveals that since the climatic

16



M .
frequency W for a three-category forecast is 33%, the greater the occurrence

frequency of probabilities of 0% or 60% or higher, the greater the value of bres is and
the better the results will be.

The third term in (3) is called “uncertainty.” If we allow it to be represented by

bunc, then
bunc M 1- M) (6)
N N

This term is not related to the performance of forecasting. It is a term that depends on
the climatic frequency alone, which shows the level of uncertainty of the phenomenon.

These scores allow us to make judgments about the relative performance of
forecasts, but not about their significance. An improvement rate with respect to a
climatic value forecast is often used as a measure of the significance of forecasts. If we
write the BS of a climatic value as bC, the improvement rate can be defined by the
following formula:

bc—-b
bc

BSS is called the “skill score.” If BSS <0, the forecast is inferior to the climatic value

forecast, and BSS assumes the maximum value (BSS=1) for a perfect forecast.

BSS = (7

Likewise, the improvements rate with respect to a climatic value forecast can be defined
for (4) and (5) as follows:

Brel :w (8)
bc

Bres = % 9)
bunc

Brel = Bres =1 for a perfect forecast.

These arguments make it clear that the reliability curve in the diagram on the left
in Fig.3, which roughly follows the 45-degree line, shows a high level of reliability in the
forecasting. Meanwhile, the occurrence rate assumes the highest value for the forecast
probability of 10%, decreasing as the probability value becomes greater. The diagram
also shows a positive value for BSS, which indicates that the forecasting is made with a

higher level of skill compared to the forecast of climatic values.

b) ROC

An ROC (relative operating characteristic) curve is a diagram used to verify and
evaluate probability forecasting based on economic values (user cost or loss). The curve
1s drawn to evaluate forecasting, using “hit rates” on the vertical axis and “false alarm
rates” on the horizontal axis.

Table 1 shows the relationship between forecasts and observations for a case where an
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event is predicted to occur with forecast probabilities of p; or higher. The “hit rate”

hr, and the “false alarm rate” fr, are defined as follows:

1O|\/I
A _EM

hri:A Y (10)
.+ G,
10
B Z(Nt _Mt)
fr=—»= — =5 (11)
B, + D, N-M

hr, represents the proportion of predicted phenomena out of the total number of
phenomena that actually occurred, and is called a “hit rate.” The proportion of predicted
phenomena that occurred to the total number of forecasts is often called a hit rate. The
hit rate for an ROC curve refers to the “level of coverage,” which represents the degree
to which phenomena are covered by forecasts. Meanwhile, fr, represents the

proportion of predicted phenomena out of the total number of phenomena that did not

occur, and 1s called a “false alarm rate.”

Observation

Yes No
Yes | Ai Bi
Forecast
No Ci Di

Table 1 Correspondence between forecast and observation for a case where a

phenomenon was predicted with a forecast probability of p; or higher

Alot of case is needed to verify probabilistic forecast, so try to make some guidance at
weather stations. It is possible to total all case of each station and season. But it is not
necessary to total different variables such as temperature and precipitation. Because
the skill generally varies with variables.

If you can get them enough, let’s try to make a reliability diagram and calculate Brier

Skill Score using Excel software.

Can you get more accuracy guidance than the following Japanese guidance?
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Microsoft Excel - ExerciseForGuidanceForTeache:

@] IrFAILE) WEE) FRV) BAQD SK(0O) YoUIT) F-L0) TDr2EIW) ~NLTFH)
NG HR oG Tk e 0o 83 oA 2L 100% n@flims rasvs i
GE2 - A =(Foz-EB2)/Fo2
a | 8B [ ¢ ] D | E | F | G \ H |

| 55 | 2002 JJA 188 51% 02620 S0% 0 8]
| 56 | 2003 JJA 185 57% 03222 G60% 0 8]
| 57 | 2004 JJA 208 T3 Qo0nT FO%N 1
| 58 | 2005 JJA 208 3T 03915 40% 1 1
| 59 | 2006 JJA 202 1% 00864 TO% A 1
| 60 | 2007 JJA 208 53% 02216 S50% 1 1
| 61 | 2008 JJA 188 9% Qo427 80% 1 1
| 62 | 1978 JJA Maha 235 23% 00526 20% 0 8]
| 63 | 1980 JJA 284 48% 02738 50% 1 1
| 64 | 1981 JJA 278 46% 02082 50% 0 8]
| 65 | 1982 JJA 274 28% 00753 30% 0 8]
| 66 | 1983 JJA 238 26% 00658 30% 0 8]
| 67 | 1984 JJA 278 16% Q0320 20% 10 8]
| 65 | 1985 JJA 271 19% 00343 20% 10 8]
| 69 | 1986 JJA 278 16% Q0262 20% 10 8]
| 70 | 1987 JJA 278 36% 01422 40% 10 8]
| 71| 1988 JJA 285 G4% 01274 60% 1 1
| 72 | 1989 JJA 278 3% 00942 30% 0 8]
| 73 | 1980 JJA 285 45% 02672 0% 1 1
| 74 | 1981 JJA 291 54% 02153 S0% 1 1
| 75 | 1982 JJA 278 % 00965 30% 0 8]
| 76 | 1983 JJA 283 12% Q7702 10%1 1
| 77 | 1984 JJA 283 27% 05350 30% 1 1
| 78 | 1985 JJA 278 57% 032mM G0% 0 8]
| 79 | 1906 JJA 283 6% 02938 S50% 1 1
| 8O | 1987 JJA 2374 G2% 03852 §0% 0 8]
| 81 | 1958 JJA 25 95% aooz2z 100% 1 1
| 82 | 1955 JJA 281 59% 03452 G0% O 8]
1 83 | 2000 JJA 2373 48% 02313 50% 0 8]
| 84 | 2001 JJA 251 T4% 00676 TO% N 1
| 85 | 2002 JJA 28 Ta% 05808 80% 0 8]
| 86 | 2005 JJA 287 Faun 00754 TONA 1
| 87 | 2004 JJA 282 1% 00356 BO% 1 1
| 85 | 2005 JJA 283 8% 0100 TO%A 1
| 89 | 2006 JJA 284 Fa% 00561 BO% 1 1
| 80 | 2007 JJA 284 g8% Q0146 a0% 1 1
| 91 | 2008 JJA 28.7 59% a17s 60% 1 1
| 82 | 02037 O.25| 0185 _I

| 93 | Brier Score climate Brier Score  |Brier Skill Score (BSS)

| 94 | egquation (7] of taxt

1 95 |

| 96 |

| 97 |

| 98 |

| 92 |

1100/

1ot

10z

103

W4 v W Temperaturs 4 Precipitation » Verification

J9E

For Example: Calculating Brier Skill Score of JJA temperature, totaling Tokyo,

Sapporo and Naha station in Japan.
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) YLD F57Q) DeYEIW) ALTEH) S
(A RN TN Y ) g flivs prses Ve
[ e T 7 T "7 T w7 1 o T w [ W [ n [ o [ p [ a [ rR [ s [ 17
of above-rormal  (PHVIre round off aove-narmal : 1 1 9
04234 30% 1 1 Forecast Probability [ o Ton 20% 30% 0% 50% 0% 0% B0% son 1

42% 01777 40% 0 0 Frecuency of Fore ast 0 3 6 13 1 21 15 12 7 1

51% 02589 5080 0 Frequency of Obsenation 0 1 0 3 5 11 7 10 5 1

29% 00851 3050 ol:senaumw I #DIV/0) 33% o 23% 5% 52% a7% B3% s 1008 1

27% 00744 30840 0|Fore cast Probabilt o 3% i 14% 12% 23% 17% 13% 8% 1%

39% 03667 40%1 1

38% 01439 4080 a

35% 01243 40% 0 a "

3% 04827 30%1 1 Reliability Diagram

59% 03511 60% 0 o ——pr=—

46% 02112 50%0 o 10;:7& . .

49% 02600 50% 1 1 /’ L

4% 03441 40% 1 1 20%

26% a0ese 3050 a ~

12% 00138 10% /0 o 80% / \/

8% 03850 40%1 1 0%

53% 02239 50% 1 1 . /

58% 03323 60% 0 a o eon

38% 03840 4081 1 5 - / B Forecast Probability

e 05921 80810 o rs oo /0/ 4 —o— Reliability i

62% 01419 60% 1 1 2 0%

[ 01431 0% 1 1 = 2

78% 0.0654 70%1 1 a0%

[ 01470 0% 1 1 /

73% 05351 70%0 o 20% i

7% Q0814 7051 1 10%

65% 01212 70%1 1

72% Q0778 7051 1 0%

7% 00537 0% 1 1 o% 0% 20% 30% 40% 508 60%  TO%  B0% 90%  100%

Gn o o0t ! Forecast Prokatity

42% 01786 40% 0 s} n

52% 02716 5080 a

32% 01013 30% 0 s}

20% 00392 20%0 a

55% 02058 50% 1 1

50% 01673 60% 1 1

57%, 03287 60% 0 a

13% 00166 10%0 a

4% 02380 5080 a

67% 04523 70%0 a

45% 02998 50% 1 1

46% 02678 50% 1 1

22%, 00482 2040 a

33% 01089 3080 a

51% 02422 50% 1 1

49% 02441 50%0 o

4%, 02448 5080 a 2

For Example: Drawing Reliability Diagram of JJA temperature, totaling Tokyo,

Sapporo and Naha station in Japan.
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