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TRENDS IN EXTREME RAIN EvENTS AND FLOOD IMPLICATIONS
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Abstract: The IPCC’s 2007 report concludes that it is “very likely” that heavy rainfall events will increase in frequency and intensity in many parts of the world, in the changing climate.  Such a trend is already evident in some regions and several climate models are examined for regions of strongest projected increases.  Implications for flooding, erosion and water quality are discussed, especially for suburban and urban areas, and agricultural lands as assessed in the Laurentian Great Lakes basin by Soil and Water Conservation Society.  Remedial actions are proposed for this basin.
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1.
INTRODUCTION

Many people think of climate change, induced by increasing greenhouse gases, as mainly a matter of higher temperatures. 

The global and regional trends in temperature have long responded to natural forcing factors such as changes in the sun’s energy and volcanic emissions.  However, the dominance of the greenhouse gases since the 1960s in driving climate changes is resulting in a warmer atmosphere which brings with it changes in the hydrologic cycle.  

One characteristic of a warming atmosphere is the ability to hold and carry more water vapour – or precipitable water.

2.
WATER VAPOUR TRENDS

This is governed by the well known Clausius-Clapeyron equation and theory which indicates a saturation vapour pressure increase of 7% for each degree C warming.

Observed increases in global atmospheric water vapour have been made by satellite and by means of radiosonde observations.  One estimate from satellite measurements, this has been about 0.41pg/m3 per decade since 1988 (Lawrence Livermore National laboratory, 2007) (Ross & Elliott, 2001).
The Figure 1 shows a synthesis of observed increases in water vapour to date (c) with 1oC warming, and projected increases by models for the coming century (a).  This might have been expected to result in significant increases in total precipitation world wide.  However, observed and projected total precipitation of only about 1% has been observed to 2000 (d) and not much more is projected for the 21st century (b).  Another analysis puts the global change to date in total precipitation at close to zero (Gruber and Levizzani, 006).
Figure 1.  HELD AND SODEN, 2006


[image: image1.png]HELD AND SODEN

(a) (b)
30 30) T
.
.
20 > 4 2F
g [} 1 g
g ve' g
10F . 45 10F
5 g e 1
, |
% 3 4 % T 3 4
AT (K)
(e) (d)
. : - .
7+ > 4k q
6F ]
“ .
sk o ]
L 4 o d
E o ]
2 4
1+ 1 4 ]
o , , . | 4 . . , .
o 02 04 06 038 1 o 02 04 06 08 i
AT(K) AT (K)




3.
PRECIPITATION INTENSITIES

Trenberth and colleagues appear to be correct when they argue that increases in water vapour do not produce more total precipitation, but do produce more intense events (Trenberth, et al. 2003)
Has this been observed?  It has been observed that extremely wet days (more than the 99th percentile) have been on the increase in many areas of the world over the past century (Alexander, et al., 2006)
Projections to the future (2000-2099) from the ensemble of models used by Intergovernmental Panel on Climate Change in its 2007 report show an expansion of areas where intense precipitation is more frequent as the century progresses – based on a modest scenario of greenhouse gas increases (IPCC, 2007)
It is not surprising then that IPCC 2007 concluded that while the observed trends in heavy precipitation are likely (more than 2/3 chance) and that for coming decades this becomes very likely (>90% chance).

A further study suggests that both frequency of intense rain events and amounts are projected to increase over this century for events in the range of 0.1 to 100 mm per day.  It will be noted that both frequency and amounts for the heaviest events are projected to increase by about 150% (Sun. Y., et al., 2007)
4.
GREENHOUSE GAS EMISSION SCENARIOS
These projections are based on the IPCC greenhouse gas emission scenarios adopted in about 2000.  More recently (Nov. 2007) the International Energy Agency has reported on probable energy demand and emissions to 2050.  

IEA suggests a 57% increase in emissions by 2030, event greater than the most pessimistic of the IPCC scenarios.  This suggests an ever more rapid escalation in warming rate and high intensity rainfalls.  One manifestation of more rapid changes than anticipated is for Arctic Sea Ice where the actual decline in September is more rapid than IPCC’s range of projections

5. 
IMPACTS OF MORE INTENSE RAINS ON WATER QUALITY
Studies undertaken through the North American Soil and Water Conservation Society have examined the implications of observations and projections, especially for the Great Lakes basin.

The SWCS studies concentrated on agricultural areas.  Based on an examination of small watershed and plot studies, across many slopes and soil types in North America, the following table was developed.  It suggests that for a 10% increase in precipitation due to increases in intensities, a 25% increase in runoff and a 24% increase in erosion would occur (SWCS, 2003).  (Table 1)

Table 1:  SWCS 2003

	Table 1.  Potential effects on soil erosion and runoff from cropland of observed changes in precipitation.  SWCS, 2003                                      Source:  Derived from Pruski and Nearing 2002.

	
	Increase in Mean Annual Precipitation

	
	5%
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	40%

	Change in Erosion

Increase only frequency of precipitation                                  

Increase only intensity of precipitation

Increase frequency and intensity equality

Change in Runoff
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Increase only intensity of precipitation

Increase frequency and intensity equality
	4%

12%

8%

6%

13%

10%
	9%

24%

17%

13%

25%

20%
	17%

48%

33%

26%

50%

39%
	34%

95%

66%
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A study of frequency of events of various intensities prior to 2000 showed that while extreme annual events in south eastern Canada (including Ontario) had increased only slightly, the springtime was marked by significant increases in heavy rain events, in contrast to light and moderate events (Stone, et al., 2000).  This was further corroborated in the SWCS studies.  It was found in southern Ontario that while there was an overall trend towards increases in annual maximum amounts for 30 min. and 24 hr. that this was far from uniform, reflecting the large areal and time variability of heavy rain events.  The most consistent increases over various durations from 5 min. to 24 hrs, were for the month of May, of approximately 15% per decade since 1970.  Unfortunately, this is the time of year when vegetative cover of the land is not fully developed and soils are especially susceptible to erosion.

Similar studies in the U.S. part of the Great Lakes basin showed more consistent increases in frequency of annual maximum intensities with an approximate 10% increase to 2000 in the frequency of events of a magnitude equal to the average 24 hr annual extreme over the previous century.  By combining the observed record with climate projections over this century, a graph was produced of observed and projected 24 hr maximum rain events from 1900 to 2100 for the Great Lakes basin (Kling, et al., 2006).

Increased erosion of agricultural lands due to more frequent high intensity rains creates water quality problems with transport of pollutants attached to eroded particles, and in the overland flow generated.  The pollutants of greatest concern are nutrients such as phosphorus, pesticides and bacteria such as e-coli.  The episodic nature of phosphorus transport into Lake Erie is shown in this graph from Baker and Richards, 2003 of Heidelberg College.  There is now a strong suspicion that renewed signs of eutrophication in Lake Erie are related in part to the heavier rain events transporting phosphorus in high flow episodes from tributaries.

6.
URBAN FLOODING
But, of course, flooding and erosion from agricultural lands is not the only concern with a change towards a more intense rain regime.  In urban areas, landslides in Vancouver and severe flooding in Toronto with recent heavy rain events demonstrate the devastation that can occur.  The severing of a major road artery in North Toronto in 2005 and services accompanying it was a costly event estimated at $500 million damages, a recent reminder of the need to plan for more severe rainfalls and floods in urban watersheds and drainages.

Sewer systems in older communities like Hamilton, Ontario combine domestic sewage flows with the storm sewer system as indicated in the schematic.  With a moderate heavy rain event such as 3 ½ cm, on Dec. 1, 2006, the inflow to the waste water treatment plant just equaled or slightly pushed the capacity of the plant.  Hamilton, recognizing that more intense rainfalls are on the increase, is working on solutions to prevent frequent sewer overflow into the receiving waters.  Other cities face similar costly problems to protect source water quality.

In Burlington and Ottawa, Ontario, 15% increases in design storms would result in sewer back-up or urban flooding, or alternatively an enlargement of, or more storage on, drainage systems.

Flood plain zoning is a common practice in Canadian municipalities, especially in developing suburbs.  Unfortunately, due in part to federal failure to maintain its share of the flood plain mapping program, many such maps have not been kept up-to-date.  This has resulted in many maps, and related zoning regulations, not keeping up with:

· suburban development in upstream areas creating faster runoff and higher peak flows, 

· the changing rain intensity regime

· projected future rain intensities and frequencies.

Fortunately, some wise planners have insisted on retention ponds upstream for storm runoff and have encouraged permeable surface for parking lots and other hard surfaces.  As climate changes and the heavy rain regime intensifies, this must become standard practice in much of the world in order to minimize urban flooding.
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