Introduction to

making a weather-forecast

Starting next week we will make a weather forecast on Wednesday for the next
Sunday (4 days ahead)

You will do this in teams of 4-5 people.
It will be a competition.

You will compete, not only with your fellow students teams, but also with KNMI,

n u

Weerplaza, “persistence”, “climate” and the “teachers”.




Success of weather forecasting

3 days ahead seems “solved”; 5 days ahead is still a challenge
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Figure 1 | A measure of forecast skill at three-, five-, seven- and ten-day
ranges, computed over the extra-tropical northern and southern
hemispheres. Forecast skill is the correlation between the forecasts and the
verifying analysis of the height of the 500-hPa level, expressed as the anomaly
with respect to the climatological height. Values greater than 60% indicate
useful forecasts, while those greater than 80% represent a high degree of
accuracy. The convergence of the curves for Northern Hemisphere (NH) and
Southern Hemisphere (SH) after 1999 indicates the breakthrough in exploiting

satellite data through the use of variational data'®.




You are going to make a
“categorical forecast”

Statement that can either be true (1 point) or false (0 points)

A categorical temperature (maximum/minimum) forecast states

that the temperature will either be “normal”, “above normal”
or “below normal”.

The normal temperature is deduced from observations over
the past 30 years for the particular day of the forecast.




Observations,

retrieved from knmi.nl

Daily observations at De Bilt

of 13/9, 1985-2014 (30 years).
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Forecast will be “categorical’,
e.g. temperature: normal,
below normal or above normal

Percent

Probability [in %] that the
maximum temperature on 13
September will have a value
less than or equal to the value
plotted on the horizontal axis.
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Categorical forecast

The categorical forecast of maximum temperature in De Bilt on 13 september
consists of a statement : “normal (17.6-19.1°C)", “below normal (<17.6°C)” or
“above normal (>19.1°C)".

Each category has 1/3 chance of occurrence (according to the climatology of the
past 30 years) and therefore of being a correct forecast.

If the forecast is correct, this is counted as a “hit’, a=a+1.
If the forecast is incorrect, this is counted as a “miss”, b=b+1.

The ratio of correct forecasts to total number of forecasts, which is equal to a/(a+b).
should of course be larger than 1/3.




Data used to reconstruct climate past 30 years

https://www.daggegevens.knmi.nl/klimatologie/daggegevens

20 November x1day, 1992-2021

# STN LON(east) LAT(north) ALT(m) NAME

# 260 5.180 52.100 1.90 De Bilt

# TN : Minimum temperatuur (in 0.1 graden Celsius) / Minimum temperature (in 0.1 degrees Celsius)

# TX : Maximum temperatuur (in 0.1 graden Celsius) / Maximum temperature (in 0.1 degrees Celsius)

# SP : Percentage van de langst mogelijke zonneschijnduur / Percentage of maximum potential sunshine duration

# RH : Etmaalsom van de neerslag (in 0.1 mm) (-1 voor <@.05 mm) / Daily precipitation amount (in ©.1 mm) (-1 for <@.05 mm)
# STN,YYYYMMDD, TN TX, SP, RH

’
260,19921119, 50, 99, 14, 13
260,19921120, 38, 84, 55, =il
260,19921121, 38, 94, 39, 49
260,19931119, -44, 36, 83, 0
260,19931120, -56, 19, 2, =il
260,19931121, -57, -14, 0, =il
260,19941119, 66, 145, 0, 12
260,19941120, 91, 147, 3) 29
260,19941121, 65, 116, 4, 0
260,19951119, 34, 89, 12, 164
260,19951120, =7 94, 87, 0
260,19951121, -2, 49, 84, 0
260,19961119, 6, 53, 25, 57
260,19961120, 30, 70, 0, 68
260,19961121, 19, 71, 27, 74
260,19971119, 23, 55, 76,
260,19971120, S 70, 0,
260,19971121, 60, 94, 8,
260,19981119, -45, 335 S/
260,19981120, -62, 24, 78,
260,19981121, -55, 18, 88,
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https://www.daggegevens.knmi.nl/klimatologie/daggegevens

30-year Climate in scatter plots

Range of "normal values" Sunday 20 November + 1 day 1992-2021
TX: 7.5-10.2 °C
TN: 1.7-4.8 °C

Climate, TX & TN, De Bilt 2011
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30-year Climate in scatter plots

Range of "normal values" Sunday 20 November + 1 day 1992-2021
SP: 2.5-33.0%
RH: 0.025-1.95 mm

Average precipitation 2.1 mm !

Q Climate, SP and RH, De Bilt 2011 +/- 1 day
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30-year Climate in a histogram

Range of "normal values" Sunday 20 November + 1 day 1992-2021
SP:2.533.0%

Climate, sunshine percentage, De Bilt 2011 +/- 1 day
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30-year Climate in scatter plots

Range of "normal values" Sunday 27 November + 1 day 1992-2021
TX: 7.3-9.4 °C
TN: 1.1-4.7 °C

Climate, TX & TN, De Bilt 2711
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30-year Climate in scatter plots

Range of "normal values" Sunday 27 November + 1 day 1992-2021
SP: 0.0-21.5%

RH: 0.025-1.6 mm

Average precipitation 2.3 mm !
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30-year Climate in a histogram

Range of "normal values" Sunday 27 November + 1 day 1992-2021
SP: 0.0-21.5%

A

Climate, sunshine percentage, De Bilt 2711 +/- 1 day
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What is “below “normal”?

A
Agreement is as follows: % 307

E
Below normal (-): no sunshine | 2 20-
Normal (0): 1-21.5%
Above normal (+): 21.6-100% 10 -

0 20 40 60 80 100
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Forecast for 20 November 2022

Normal: KNMI: Weerplaza:
TX: 7.5-10.2 °C - Zo
TN: 1.7-4.8 °C 20-11-2022 Zondag
SP: 2.5-33.0 % 2011
RH: 0.025-1.95 mm An
Max. ¢
5/9° | take the average (+7) | minus
Min. . 0
-5/-19 take the average (-3) | MINus
Neerslag
3/6mm| take the average (4.5) | plus e
Neerslagkans 4°C
90% '
Zonneschijn __——
10% zero
Windkracht 8 95%

A Z4 8 mm
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List of forecast dates

27111
4/12
11/12
18/12
25/12
15/1
22/1

Make teams of 4 to 5 people; give your team a name; make a
collage of pictures of the team members, indicating who is who,
and send in the collage as a pdf-file to a.|.vandelden@uu.nl before
end of Monday 21 November.

page 12, lecture notes

PROBLEM 0.2 Making a weather forecast

Every week (on Wednesday) during the course we shall make a weather forecast for the following
Sunday. The weather parameters of interest are dailly maximum/minimum temperature, sunshine
duration, as a percentage of the maximum possible, and precipitation. In order to simplify the evaluation
of this forecast, we make the forecast categorical. A categorical forecast consists of a flat statement that
can be either true (“hit”) or false (“miss”). For example a preciptation forecast, which states that there
will be no rain during one day, can either be true or false. Likewise, a temperature forecast that states
that the temperature will be normal can be true or false, if we define “normal” and “abnormal”. Here, we
define a “normal temperature” as lying in the range 7., -AT<7<T,.,+AT, where T, 1s the mean
temperature on that particular day over the past, say, 30 years, while AT 1s equal to some fraction of the
standard deviation, o, of these temperature recordings. An “abnormal temperature” would then
correspond to 7<T7,.,-AT or T>T, ., +AT. By introducing the standard deviation, we assume that the
probability density distribution of temperature recordings over the past 30 years 1s symmetric about the
mean and 1s Gaussian. This 1s usually not a good approximation to the true probability distribution. It 1s
better to deduce the range of “normal temperatures” from the cumulative distribution function,
P(T<x), which describes the probability that the temperature, 7', is lower than, or equal to x. We divide
the distribution of observed values of 7 into three “bins” (below normal, normal and above normal),
where “normal” represents the range of values 7,<7<T, such that P(T< T,)-P(T< T))=1/3, while P(T<
T))=1/3, so that, obviously P(7> T,)=1/3.



mailto:a.j.vandelden@uu.nl

