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The probability for heavy rainfall:

Pr(X > z) = f,e %/*
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The probability for heavy rainfall:

Pr(X > z) = f,e */H

g S The “rain equation” for Bjgrnholt
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8 ! —esiimated probability: Pr(X > x) = fye
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Estimated probability: fwe—ﬂ?/ 7

How well does the equation correspond with reality?
Pr(X > z) = fye ®/*

Probability of heavy precipitation
(x =10, 20, 30, 40 and 50 mm)
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correlation = 0.98
N = 2305255
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Estimated probability: fwe—ﬂ?/ 7

Correspondence with reality?

Pr(X > z) = fye ®/*

Probability of heavy precipitation
(x =10, 20, 30, 40 and 50 mm)

06
]

correlation = 0.98
N = 2305255

05

04

03

02

a1

L]

number of data points

i

oo 0.1 02 03 04 05

Observed frequency: >, H(X — z)/n

06

Number of stations

2000

8000

6000

4000

Large data volume

1960 1970 1980 1990

year

2000

2010



The formula

Pr(X > z) = f,e %/*

opens for a range of opportunities ...



Pr(X > z) = fue /"

The mean:

T = fyup

Return values:

z; = pln(7fy)



Pr(X > z) = f,e ®/H
Causes for changes in the rainfall statistics

The mean: Trend:
T = fwﬂ e _ Yo ap
i P f’w dt
Return values: More intense rainfall
_ de,  p df, du
z; = pln(7fy) i = F d | ln(fw'r)a



Trend in year totals : = 365.25f, i

Trends in mean precipitation, observed vs estimated
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Estimated precipitation trend (mm/year/decade)

Trend in year totals : = 365.25f, i

Decomposed trends in mean precipitation

Trends in mean precipitation, observed vs estimated
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Trend in year totals : = 365.25f, i

Decomposed trends in mean precipitation

Trends in mean precipitation, observed vs estimated
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The probability for heavy rainfall:

Pr(X > z) = f,e */*

dPr(X>z) _ df, e_x/ﬂ I fwme_ﬁ/ﬂd—”
dt dt L dt




Trend in probability Pr(X>50mm/dagn)

Trend in probability of heavy precipitation
observed vs estimated
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Trend in probability Pr(X>50mm/dagn)

Trend in probability of heavy precipitation Decomposed trends in probability of heavy precipitation
observed vs estimated
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Trend in Pr(X > 50 mm/day)

T6% increasing

The cause of increased
probability of heavy rainfall?

242 decreasing

Primary increasing amounts
falling on rainy days on

average but also more days
with rain. o7 nereashg

Increasing Pr(X » 50 mm/day): n Increasing Pr{X » 50 mm/day): f,,

282 decreasing

5% decreasing

7254 increasing

Decreasing PriX > 50 mm/day): n Decreasing Pr(X > 50 mm/day): f,,

T6% decreasing
24 increasing

55% decreasin

%= increasing

Pr(X > z) = f,e @/



Trend in Pr(X > 50 mm/day)

T6% increasing

The cause of increased
probability of heavy rainfall?

242 decreasing

Primary increasing amounts

falling on rainy days on

average but also more days

with rain. o7 nereashg

Increasing Pr(X » 50 mm/day): n Increasing Pr{X » 50 mm/day): f,,

282 decreasing

5% decreasing

Increased probability: 76%

7254 increasing

increased intensity: 95% Decreasing PriX > 50 mm/day): n Decreasing Pr(X > 50 mm/day): f,,
decreased intensity: 5%

. T6% decreasing
higher frequency: 72%
lower frequency: 28%
24 increasing

Pr(X > z) = f,e @/
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Trend In probabillity for more than 50 mm/day
% relative change: 1961-2018
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B - :
10-year return value | P& coreaed

not bias corrected

r; = puln(7fy) 3

pln(7fy,) (mmiday)
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Extrapolate
adjustment of return

values?

Almost linear with log of
year.
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Trend in 10-year-return-value

Decomposed trends in return-value x;
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Mapping of 10-year-return-value

Most locations have
~50 mm/day based on
the wet-day mean
precipitation and
frequency (white
smudges).
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The variance is more complicated...

Because the PDF is discontinuous.

o2 = fu [uz + (:c% + 2uxy + 2u2) e_mﬂ/“]

d;—i = [u2 + (a:% + 2uxg + 2/.1,2) e_mﬂ/‘”’} %—I—

fu [20 + (420 + 4p + 23 /u® + 222 ) e "o /v] B



Merits - low hanging fruits

e Simple mathematical expressions - unlocking a spectre of information.

e KlimaDigital-prosject for mapping risk of landslide in near Trondheim.
e H20207?

e Useful for foreign aid projects where data is limited.

o Mozambique

[=];

[=]
i

github.com/metno/esd
o Bangladesh? https:ocdp.met.no

Benestad et al. (2019), “A simple equation to study changes in rainfall E
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