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Change In Heavy Rainfall Patterns

Magnitude
= |ncreasing magnitude

= High intensity rainfalls

Frequency
" Increasing frequency
= More frequent heavy rainfalls

* Major research focuses are on magnitude and frequency change
* Climate change impact will continue

* Other parameters may also have changed ...
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Change In Heavy Rainfall Patterns

What about the timing...
° More heavy rainfalls, but when?

o What if the time of heavy rainfalls has changed?

* Erosion protection * Flooding
e Crop planning * Landslide occurrence
* Drought management e Traffic accidents

* Groundwater recharge
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‘New’ Change In Heavy Rainfall Patterns

New conditions and scenarios are needed
o Characterize rainfall from a different perspective

o Improve the characterization of hydrologic responses
° Provide improved knowledge regarding the timing of rainfall

New methods/parameters can expand the existing climate change research network
° Provide a new aspect for future research
o Better strategy comes with better time management

° Engineers
o Scientists
o Government authorities
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The dataset

There are lots of data types can be used to describe heavy rainfalls
o Annual Maximum Series (AMS)

o Measured in depth - mm

° The single highest rainfall event recorded for the duration
° 5min, 10min, 15min, 30min, 1hr, 2hr, 6hr, 12hr, 24hr

° Each data point contains:
o Rainfall depth
o QOccurring date (Day of the Year)

° Only considering April to October

Questions to answer:
> How climate change has influenced the time of occurrence of heavy rainfall events?

° How has the variability of the time of occurrence of heavy rainfall events changed?
> Are heavy rainfall events occurrences more or less predictable?
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The dataset

Location of ° Environment and Climate Change Canada
vatltte years o 44 stations in Ontario, Canada
® 30-40 .« .
o 4150 o Minimum 30 years of data
® 51-60
° 1960 — 2017 (58 years)
° Except 24hr duration
g ° Nine time intervals
1
2+, ¢ 4 ° 5min, 10min, 15min, 30min, 1hr, 2hr, 6hr, 12hr, 24hr
© ® 8 . o
oo > Time window length
° ®
/ - > 10-years
T % e ° Moving time window technique
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e : 1‘«216 13

It 2

N | :2 X8 ‘e
) 3231. 37@F4138
N Y TN geb e ___Duration | 5min [ 10min | 15min | 30min | 1hr | 2hr | 6hr | 12hr | 24hr |
& E R Average no.
L I | of years 39 39 39 39 39 41 41 39 25
0 250 500 1,000 Kilometers available
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The dataset

Questions to answer:
° How climate change has influenced the time of occurrence of heavy rainfall events? — Mean

> How has the variability of the time of occurrence of heavy rainfall events changed? — Variance
> Are heavy rainfall events occurrences more or less predictable? — Coefficient of Variation

Statistical parameters
° Mean (X) — measures the time of occurrence in the past and present
o Day of the year (early vs. late in the year)
> Variance (0%) — measures the spread of rainfall occurrence time
o Wider vs. narrower time window
o Coefficient of variation (CV)

° Increased vs. decreased variability
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The method

Comparing the past and the present
o Standard t-test

o F-test

Trend from the past to the present
> Rolling time window technique
° Linear regression and Sen’s slope
o Mann-Kendall test

o Coefficient of variation
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Day of |Past and Sample dataset
Year (1) [Value (2) the Year | Present | Rolling Time Windows (7) > Ear Falls (ECCC Climate ID 6012198)

5min duration

(¢]

| 1960 [N 7 24 205
| 1961 |NEEE: 7 23 204 > 1960 — 1995 (35 years)
| 1962 [N 8 14 226 _ _
1963 X 6 4 155 - > Quick comparison between the past and present
| 1964 K 9 9 252 o S o group
| 1965 [N 9 4 247 %] . e
[9) o -
1066 K . = s P ﬁ g Standard t-test
| 1967 VA 7 21 202 i > Ftest
| 1968 [R! 7 6 187
| 1969 K 6 26 177
[ 1970 [EEW; 9 7 250 o Each group, calculate:
1971 IS 9 26 269 . Mean
B 64 8 8 220 > Variance
| 1085 B ’ R > Connect all groups, trend analysis:
1986 X! 7 28 209 sroups, Y
| 1987 [T 5 13 133 o o Mann-Kendall (MK) trend test
| 1983 [EEE:W 6 1 152 - o S o Linear regression and Sen’s slope
| 1989 [EEEW) 8 2 214 3] i
- (0) c N o
1990 (W] 6 1 152 ® S S & Mean
DEEE 69 8 24 236 D = O > Variance
>

= 101 9 12 255 —+ = o Coefficient of variation

5.5 7 27 208
B so 6 24 175
| 1995 [ 7 27 208
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o 22 out 44 stations have significant changes in m mmnmmm
mean AMS occurrence time (p < 0.1) | 4 33 33 41 39 52 -
- . | 8 | - - 42 34 34 -
> All significant changes are negative — AMS 9 | i 1 | | |
occurrence time has shifted forward 44 42 37 - - -
_ - - - - - -
o A= present mean — past mean _ _ 27 28 ) _
° A > 0: present rainfall occurrence is later in the year 5 - - -32 -
o A< 0: present rainfall occurrence is earlier in the year '?2 '5:3 '%6 '?9 '7_9
o Average difference: -44 days | 28 | -~ S
: | 29 - - - - - 7N
o Largest difference: -86 days i i ; . 54 s
- : | 32 | S S
> Smallest difference: -21 days 36 | ] T T T
31 - - - - .
| 38 58 52 - - - M
| 39 - - - - 41 -
| 40 | R T .
| 42 | . - 40 - : :
| 43 | - - - 56 68 -
44| 31 - 28 30 35 -
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Results —the mean (X)

Plot a box plot with two columns

¥ —~May 20th
o 22 identified stations
° The past column 2
o All AMS occurrence date of the past )
° The present column 8 _|-une 29t

o All AMS occurrence data of the present

Average difference: -44 days

Day of the Year
200
l

Day 181

Largest difference: -86 days

220
|

Day 225

Smallest difference: -21 days

240
|

260
|

~September 17th

CHANGES IN THE TIMING OF HEAVY RAINFALL OCCURRENCE — ALBERT JIANG

Past

T
Present

13




Results —the mean (X
mmmmnﬂﬂmm 5min — 6hr: average around -40 days of shift
27 -33 -33 -41 -39 -52 -

B - i

B e 12hr: -50 days

- 36 35 44 42 -37 - - -

1, R 24hr: -57 days

| 15 e - : - - 27 28 - -

MRETIN - e e e e e e i i

e 70 8 72 62 53 86 69 79 -86 @ e

e 32 26 -26 - - - - - - a | © g ] o
. - - - - - - - s - -

2o [ 3 1 S 2 —
T el 2 . .

|32 [ . - : - S . 5 § v . . 0 R
BEE - . - . . . - . _ = ° 0 !
B I T N N B 854 A —
BEE 40 53 58 52 - - - -41 2 - Lo

3o [ i i

“ - - - - - - - - -42 ‘? i 1 I | | | I [ I 1 _'-"? !

] -35 ] ] - - - - - 5min  10min 15min 30min  1hr  2hr  Bhr  12hr  24hr

“ - - - - - -40 - - -

e - - % & Dusatn

Duration
average
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Results — the variance (o?)

Past group variance (agast)

F =
Present group variance (aﬁresent)
o F>1: present AMS occurrence time is stable (low fluctuation)
° The heaviest rainfall events are occurring within a narrower time period of the year
o F< 1: present AMS occurrence time is less stable (high fluctuation)
° The heaviest rainfall events are occurring within a wider time period of the year

T T T T T T T T T T
1960 1965 1870 1975 1980 1985 1980 1895 2000 2005 2010
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Results — the variance (o?)

F > 1: present AMS occurrence time is
stable (low fluctuation)

o The heaviest rainfall events are occurring within a
narrower time period of the year

o

(o]

F < 1: present AMS occurrence time is
less stable (high fluctuation) A o

> The heaviest rainfall events are occurring within a _ S, : | o
wider time period of the year i

1

© 20

24 out 44 stations have significant ‘ e o"
changes in variance L d T, e
> 14 stations have F> 1 1 o200 & -
> 10 stations have F< 1 | . ng®
o

Most stations are near the Great Lakes N et Average F ratio
I T . P T . 1 @ F>1
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Results — trend of the mean

Day of the year
180 200

Day of the year
180 200

280

220 240

160

260

220 240

60

1

AMS occurence date (10-Years average) - SIOUXLOOKOUT A - 8037775 - 6hr

AMS occurence date (10-Years average) - PETAWAWA NAT FORESTRY - 6106400 - 15min

T —— a2 *
T T T T T T T T T T T
1960 1965 1970 1975 1980 1985 1980 1895 2000 2005 2010

Day of the year

180

Day of the year
180 200

260

260 160 200 220 240

240

220

160

AMS occurence date (10-Years average) - OTTAWA CDA - 6105976 - 2hr

— *e ve vees T $°
. T . % v
AMS occurence date (10-Years average) - HAMILTON RBG - 6153300 - 15min
T T T T T T T T T T T
1960 1965 1970 1975 1980 1985 1990 1895 2000 2005 2010
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2010
2010
2010

2hr

2005
2005

2000
2000
2000

1995
1995
1995
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Results — trend of the mean
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Results — trend of the mean

Summary of slopes
. . 5min
° Linear regression : m . .
o All left skewed ; : | 5
’ Indicates mOSt Stations have ° -20 2 -15 ] -1.0 -0.5 0o uﬁo 1ﬁ0 : 20 3 -15 : -1.0 -0.5 0o Dj@ 15 20 ) —EI,D : ,|‘5 | 71‘,D 05 ufn D‘.’l 10 1 \‘5
negative slopes of changing

15min

Counts
10

. 2 . ] ]

— AMS occurrence time has 30min 1hr 2hr

advanced , . ; - :

52 ce ce

> Some positive slopes exist . : ' [T E . |

o Th ey are near zero 20 A5 0 05 o0 s 10 15 20 20 A5 10 05 0o s 10 15 20 20 A5 10 05 00 05 10 15 20

o They have low t values (MK test .

Y ( ) “ Bhr “ 12hr " 24hr
o Climate research involves : = .
inevitable natural variations e R ie i 5
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Results — trend of the coefficient of
variation (CV)

From previous:
° Mean is decreasing

° Variance is increasing

o

CV ==

X
° It is expected to see CV will increase

° Increased CV means:
° Increased variability in AMS occurrence time

o High fluctuations in AMS occurrence time
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Results — trend of the coefficient of
variation (CV)

Trend analysis of CV (all stations)

150

° Measured Sen’s slope
o Slightly right skewed (more positive —

slopes) 1007

o 230 positive slopes (near 0.0020) §

° 166 negative slopes (near -0.0018) 50 J
OCllma'teCha.ngeImpaCtvarlous 0~ rrrrrrr T+ trt ittt rrtrrrrTrrtr1T1rr1 1T 1T 71T 1T T T 1T T/

locations differently -0.04 0.02 0.00 0.02 0.04
o> Location variations exist <0 o ° °°¢'+"m1

Overall trend is increasing o *[D*“” .

o This result is the first of this kind T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
-0.04 -0.02 0.00 0.02 0.04
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Conclusions

=Provided a method/direction to quantify and qualify the impact of climate change on rainfall

occurrence time and its variability

=Long duration rainfall events (6 and 12hr) have more changes in rainfall occurrence time

="Heavy rainfall events are occurring at an altered time and time window of the year

= Average change in the mean: shifted 44 days forward (~1.5 months)
= Variance of rainfall occurrence time has changed

" Increased coefficient of variance — increased variability of heavy rainfall occurrence time

"Provides a new angle on looking at climate change impact on heavy rainfall events

" Improve the comprehensive research framework
= Knowing magnitude and frequency are changing
= Adding a new parameter: the time/timing
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