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1. Introduction

 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 discuss economical benefit of probabilistic forecast. 

2.  Predictability of seasonal forecast
 Fig.1 shows an example of atmospheric numerical predictions. This is 30 day mean 850hPa temperature anomaly prediction over the Nansei Islands where southern part of Japan.  Thin lines show individual numerical predictions with only slightly different initial conditions. The magnitudes of initial differences are almost the same as that of analysis errors of initial condition. The boundary conditions such as sea surface temperatures (SSTs) of individual predictions are all the same.

 In initial stage up to one month, the differences between individual predictions are small. On the other hand, after one month, although there is a tendency to be above normal, the predictions diverse. This is due to chaos of atmosphere. That is, small initial differences grow rapidly and become large amplitudes. Note that SSTs used here as boundary conditions are all identical. This means that prediction has uncertainty even if SST prediction is perfect. Of course, since SST prediction is not perfect, atmospheric prediction has more uncertainty. 
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The magnitude of uncertainty of prediction depends on prediction element and place. Generally, uncertainty is smaller in low latitudes and larger in middle and high latitude in seasonal time scale. Anyway, more or less, there are uncertainties of prediction, we have to take into account them.

3. Economical benefit of forecast

Here we discuss economical benefit of forecast. We consider following situations.

We take a precautionary action depending on likelihood that event E will occur. Taking precautionary action incurs a cost C.  However if E occurs and no action has been taken, then a loss L is incurred. We assume climatorogical proportion of occurrence of event E is R and the times of operation is D.

Without utilizing  forecast, the expense is calculated as
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when always taking action 

and,
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when always taking no action.

Therefore,

Mclim1< Mclim2                                                                                         (3)

if  
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(a) Deterministic forecast.

  We consider utilizing deterministic forecasts. 

If the forecasts are perfect, the expense is,
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 However, unfortunately, forecast is usually not perfect. Now, we assume the forecast performance as following table.
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Here, the relationships with D and R are, 

[image: image21.emf]
[image: image5.wmf]D

z

x

R

z

y

x

w

D

+

=

+

+

+

=


There are two independent variables within four variable w, x, y, z under the conditions (6),(7). Then we define following two variables,
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H is called ‘hit rate’ and F is called ‘false alarm rate’. In case of perfect forecast, H=1 and F=0.

The expense associated with each combination of action/inaction and occurrence/non-occurrence of E is given in the following table.



No
Yes

No
0
L

Yes
C
C

We calculate expense with deterministic forecast, that is,


[image: image7.wmf]))

1

(

)

1

(

(

)

1

(

)

(

)

(

)

)(

(

)

(

)

(

)

)(

1

(

L

C

HR

R

L

C

R

F

DL

DFC

R

HC

HL

L

DR

FC

y

w

HC

HL

L

z

x

HC

z

x

FC

y

w

L

z

x

H

zC

yC

xL

M

f

-

-

+

-

=

-

+

+

-

=

+

+

+

-

+

=

+

+

+

+

+

-

=

+

+

=


If the forecast is perfect, H=1 and F=0, then Mf=Mp. Mf increases as H increases and decreases as F increases. It should be noted that Mf becomes lager than Mclim1or Mclim2, if forecast is not accurate. For example, if H=0 and F=1 (the worst forecast!), Mf becomes maximum and lager than Mclim1 and Mclim2. It should be also noted that Mf depends on not only H and F but C and L. Therefore forecast verification is important when utilizing forecast. 

(b) Probabilistic forecast

 In case of deterministic forecast, Mf sometimes becomes larger than Mclim depending on forecast skill, C and L. On the other hand, utilizing probability forecast, we can always reduce Mf  compared with that of no-action case　on the condition that the reliability of probabilistic forecast is perfect.

 In probabilistic forecast, the chance of occurrence of event E is expressed as probability P. Suppose to take precautionary action when probabilistic forecast P is P0. The expense is,

where Dp  is the frequency that E was forecast with probability P0. If no action is taken, it is


Then

if

Therefore, if we take action when P0>C/L, the expense is smaller than that of no-action case. 

This is the simplest decision making with probabilistic forecast. Since the probabilistic forecast has information of forecast uncertainty, better benefit can be achieved compared with the deterministic forecast by using this information.

4. Verification of Probabilistic Forecast

In the previous section, it was shown that the expense with probabilistic forecast is smaller than that of inaction case.  However we used an important assumption in the discussion. It is that the reliability of probabilistic forecast is perfect. 

That is,


O0=P0
where O0 gives the proportion of actual occurrences of event E when probabilistic forecast P0 were predicted. Of course, actual probabilistic forecast does not have the perfect reliability and in some case, the benefit may become worse than that without forecast.

 In addition, the economical benefit is depend on dispersion of probabilistic forecast from climatorogical proportion of occurrence of event E. For example, when the climatorogical portion is 50% for event E, dispersive probabilistic forecasts such as 90% or10% are more profitable than less dispersive ones such as 60% or 40%  on the condition that the reliability is perfect. Therefore, to utilize probabilistic forecast, the verification is necessary to estimate practical benefit with probabilistic forecast.

   Suppose it is assumed that E will occur if the forecast probability P≧Pt and will not occur P<Pt..We again make following table similar to the deterministic forecast case.



No
Yes

No (＜Pt)
α
β

Yes (≧Pt)
γ
δ

The expense is calculated as
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The definitions of other variables are the same as in section 3.

As shown before, for the perfect deterministic forecast,
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and the expense with a knowledge of climatology only,
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 We define the value, V, of forecast information to be a measure of the reduction in Mp over Mclim normalized by the maximum possible reduction associated with a perfect deterministic forecast, 
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then,
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We can calculate V for various threshold probabilities. For a given C/L, and event E, the optimal value is,
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In Fig. 2, V(Pt) and Vopt  of operational one-month forecast  at JMA are shown as a function of C/L  for the event that  monthly surface temperatures in Japan are above normal. Thin lines show the individual graphs V(Pt) for Pt=10%,20%,…….90%.  At least one of V(Pt) is positive for the users with C/L between 0.2 and 0.9. Consequently the envelope function Vopt is also positive for the users with C/L  between 0.2 and 0.9. Different users with different C/L can take precautionary action for different forecast probability threshold so as to gain the best benefit Vopt. For the deterministic forecast, users can not choose the best threshold probability but must use a deterministic forecast  (or not use it) and generally the benefit is worse than that for probabilistic forecast.   

5. Conclusion

 The seasonal forecast has uncertainty due to chaotic character of atmosphere. Therefore probabilistic expression is the best method. The probabilistic forecast has superiority over deterministic forecast although the probabilistic forecast is more difficult to understand compared with deterministic forecast. Therefore more dissemination of probabilistic forecast should be enhanced.  
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Figure 1 An example of ensemble forecast. 30 day mean 850hPa temperature anomalies over the Nansei islands.


Thin lines show individual numerical predictions with only slightly different initial conditions. Broken line shows average of individual predictions (Ensemble mean). Thick line shows observation.
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Figure 2 . V(pt)  of operational one-month forecast at JMA for event E (surafce temperature anomalies in Japan above normal ) with probability threshold Pt=0.1……0.9 (thin lines) and the optimal valueVopt (thick line).
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