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Where I am from



UNSW – 19th global (QS)

Civil Engg – 10th global/1st Au

Water Res – 9th global/1st Au





Lets start with Temperature…



Now consider any extreme E

Rate of Change =  𝝏𝝏𝑬𝑬
𝝏𝝏𝒕𝒕

Using 50 years of data with a known positive trend, 𝝏𝝏𝑬𝑬
𝝏𝝏𝒕𝒕

 estimated using annual maxima, 
would be positive at the 5% significance level in 8 out of 100 samples, with a negative 
𝝏𝝏𝑬𝑬
𝝏𝝏𝒕𝒕

 showing up in 2 of 100 samples!

Source: Seth Westra



So how to estimate when extremes are changing?

𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

=
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

×
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

Extreme 
Variable 
Trend

Temperature 
trend (positive)

Scaling

If Scaling is positive, 𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

 is positive. If Scaling is negative, 𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

 is negative

Scaling equals 7% per oC rise in temperature for rainfall extremes



In a nutshell…



1. The rare to very rare extremes…

Flow scaling increasing
Approaching Rainfall Scaling (7%)

Especially for Smaller (or Urban) catchments

Urban flooding will increase

Will impact more as urban 
populations increase



2. Flow and rain… are not the same…

Rainfall increasing at greater rate than flow
Difference gets smaller as rareness increases

Opposite signs for low percentiles

A larger rainfall peak will lead 
to a lower flood peak – 

especially for non-extreme 
rainfall events



3. Large catchment floods reduce more…

Discharges increase more for smaller 
catchments

Discharge universally decreasing for larger 
catchments

Pre-storm moisture conditions 
markedly different

Large catchment floods 
reducing due to drier soils



4. Reservoir inflows will reduce…

Extreme floods lead to spill (storage impact low)
Frequent floods needed to fill dams

Frequent floods reducing 10-15% for each 
degree rise in temperature

Also…dry soils mean more 
water demand

And higher temperatures 
mean more reservoir loss





The Great Indian Famine1890’s

World population to peak at 2B?1900’s

Haber-Bosch process published1910

Key source for ammunitionsWW1

Helped generate fuelWW2

Outsourced to AlliesWW2+

The Great China famine1958-62

China get first Haber- -Bosch plant1960s

World population touching 9B and rising…Now

And there was another “world is ending” story once upon a time…

Malthus and the Malthusian Catastrophe1798



But would Malthus (or Haber or Bosch or us) have even existed 
had it not been for water ingenuity?
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Source: https://www.planete-tp.com/en/ancient-dams-r68.html

~5000BC ~800BC

~100AD~2600BC











Source: GRanDv1, Lehner et al, 2011



So how did we handle water insecurity before?



So how did we handle water insecurity before?



So how did we handle water insecurity before?



Re-engineer the planet

But

Make sure we do it even better this time!

Solutions?



…



Big UG program (500+ intake each year)
About 70% domestic and 30% international

Exchange options
Internships

Most are working by year 3
Most end up with consultants or government

Many launch their own consulting firms after ~5 years
Good PhD options if grades are Hons 1+

Few return for PhDs though…

CVEN@UNSW



Main Differences
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