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Introduction 

Remote sensing of the environment for hydrologic studies
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(USWaterSystems.com)

Hydrologic Cycle
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Precipitation

Soil Moisture Vegetation

How to measure fluxes in the hydrologic cycle?

Hydrologic Cycle
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Ground Measurements

(ISMN, GPCC)

Soil moisture

Rainfall
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So how does it all work?

(solcomhouse, ECMWF)
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A satellite focusses on specific frequency bands

(NASA)



School of Civil and Environmental EngineeringPrecipitation Soil moisture Vegetation

(NASA, Hung Pham)
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A-Train: The Afternoon Constellation

Precipitation Soil moisture Vegetation

(ESA, Hung Pham)
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A-Train: The Afternoon Constellation

Precipitation VegetationSoil Moisture

𝐍𝐃𝐕𝐈 =
(𝐍𝐈𝐑 − 𝐑𝐞𝐝)

(𝐍𝐈𝐑 + 𝐑𝐞𝐝)

(NASA, Hung Pham)
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Satellite Remote Sensing 

for Hydrologic Studies

Data

Statistical 
Analysis

Application
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Part Ⅰ – Data

Validation

Improvement
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Validation
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How can we reduce these differences in retrievals?

Using ensemble combinations



School of Civil and Environmental Engineering

Linear combination to maximise temporal 

correlation
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But retrievals are over 25km grids – how to 

disaggregate? 

L. Brocca et al.(2015)
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Part IⅠ – Application

Flood warning using remote sensing data
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How to use to warn remote communities of floods?

Pakistan flood in 2010
• Cause: intense monsoon rains attributed to La Niña

• Death: 2,000

• Displacement: 20 millions
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How to use to warn remote communities of floods?

Pre-flood Flood Post-flood

Soil 

Moisture

Rainfall
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Precipitation (P)

–External forcing

Soil moisture (SM)

–Antecedent condition

River network, soil 

property, vegetation

– Structures against floods

?

How to use to warn remote communities of floods?
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How to use to warn remote communities of floods?
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How to use to warn remote communities of floods?

Module 1: generation Modules 2 and 3: transfer and accumulation
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How to use to warn remote communities of floods?
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Part IIⅠ – Statistical Analysis

How rainfall, soil moisture and flood are 

changed under increasing temperature?
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Current Scaling Studies



Temporal patterns of rainfall
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Spatial patterns of rainfall

More concentrated with higher temperatures
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Let’s talk more about Antecedent Conditions

𝐴𝑃𝐼 = 𝐾𝑃𝑡−1 +⋯+ 𝐾𝑇𝑃𝑡−𝑇

[ K ]

Consistent 
increase

Consistent 
increase

Consistent 
decrease

𝐴𝑃𝐼 = 𝐾𝑃𝑡−1 +⋯+ 𝐾𝑇𝑃𝑡−𝑇

[ K ]

Consistent 
increase

Consistent 
increase
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Let’s talk more about Antecedent Conditions



Further study in progress…
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Hypothetical soil moisture – temperature relationships



• Flowrate: 222 Hydrologic Reference Stations (HRS)

- Long-term, high quality data not impacted by anthropogenic factors

- Distributed over various climate zones with various areas and elevations

• Soil moisture: Australian Water Resource Assessment Landscape (AWRA-L)

• Air temperature / rainfall: Bureau of Meteorology (BoM)

Centurial 1911 − 2015 data − based assessments

http://www.bom.gov.au/
water/hrs/index.shtml

Further study in progress…

http://www.bom.gov.au/water/hrs/index.shtml


Preliminary Results

South Cascade Creek at Thomson Valley Road (225020A, 9.6 km2)

Further study in progress…



Preliminary Results

Reedy Creek at Wangaratta North (403209A, 5506 km2)

Further study in progress…



Preliminary Results

Ranken River at Soudan Homestead (G0010005, 6390 km2)

Further study in progress…



Follow-up study in progress

Preliminary Results

Cooper Creek at Cullyamurra Water Hole (A0030501, 232846 km2)



Floods – the biggest, severest natural 
disaster we face year after year

What lies ahead?

http://www.reuters.com/article/slideshow/idUSLNE79P00J20111026




Let’s start with Temperature…



Now consider any extreme E

Rate of Change =  
𝝏𝑬

𝝏𝒕

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

𝝏𝒕
estimated using annual maxima, would 

be positive at the 5% significance level in 8 out of 100 samples, with a negative 
𝝏𝑬

𝝏𝒕
showing up 

in 2 of 100 samples!

Source: Seth Westra



So how to estimate when extremes are changing?

𝜕𝐸

𝜕𝑡
=
𝜕𝐸

𝜕𝑇
×
𝜕𝑇

𝜕𝑡

Extreme 
Variable Trend

Temperature 
trend (positive)

Scaling

If Scaling is positive, 
𝝏𝑬

𝝏𝒕
is positive. If Scaling is negative, 

𝝏𝑬

𝝏𝒕
is negative

Scaling equals 7% per °C rise in temperature for precipitation extremes



Coming back to scaling…

All using 5000+ snow-free

catchments with low human

impact and 50000+ rain gauges

across the world



Precipitation and Flow (extremes) Scaling

𝝏𝑷

𝝏𝑻

𝝏𝑸

𝝏𝑻

𝑻 ↑ 𝒍𝒆𝒂𝒅𝒔 𝒕𝒐 𝑷 ↑ 𝒃𝒖𝒕 𝑸 ↓



In a nutshell…



1. The rare to very rare extremes…

Flow scaling increasing approaching
Precipitation scaling (7%) especially for
Smaller (or Urban) catchments

Urban design floods will increase

Non-urban design floods will increase 
depending on catchment area and ARI



2. Flow and rain… are not the same…

• Precipitation increasing at greater
rate than flow

• Difference gets smaller as ARI
increases

• Opposite signs for low percentiles

A design rainfall will lead to lower 
flood peak

Same flood peak much lower for less 
extreme rain



3. Large catchment floods reduce more…

• Discharges increase more for
smaller catchments

• Discharge universally decreasing
for larger catchments

Antecedent moisture conditions 
markedly different

Large catchment floods lower 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

Which means…behaviour simulation 
needs to use temperature dependent 

demand



To summarise…

• Urban flooding is and will continue to increase

• Non-urban flooding will increase for high ARI’s and smaller catchments

• Floods lower for large catchments due to drying soils

• Frequent floods (reservoir refill floods) are significantly reducing

• Major water security implications as demand will rise with drying soils
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