
#iahrWorldCongressworldcongress2023.iahr.org

Victor Muñoz S.1, 

Mehmetcan Ozkadioglu2

1  SRK Consulting, Vancouver, Canada
2  SRK Consulting, Johannesburg, South Africa

Implementing multi century hourly stochastic precipitation 
using CMIP6 - A trade-off approach 



#iahrWorldCongressworldcongress2023.iahr.org

Objective

Problem

Study Focus

Methodology

 Landform design requirements => 300 yrs. 30 min. precipitation in South Africa 
(limited records)

 Current climate change models only provide projections up until the year 2100.
 Most of GCM are at daily scale. SA does not great historical records.

 South Africa, open source precipitation available 2000.
 Limitations for historical records and support projection 

under climate change.

 Baseline Meteorology for precipitation
 Stochastic precipitation model
 Global circulation model (GCM)

Introduction
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Presenter
Presentation Notes
Data Collection: Local rainfall dataset was provided from South African Weather Service (SAWS)Multiple Climatic Gridded Models (CGMs), rainfall records downloaded.NASA Earth Exchange Global Daily Downscaled Projections (NEX-GDDP) time series were downloaded for 4 different Shared Socioeconomic Pathways (SSPs)Patching Historical Rainfall:The physical rainfall records were compared to CGMs to identify optimal source.Bias correction of CGM with Quantile Delta Mapping.Projected Time SeriesThe CMIP6 models were bias corrected to increase local representation.30-minute interval 300-year high resolution data generated using Bartlett-Lewis Rectangular Pulse model with gamma distribution



#iahrWorldCongressworldcongress2023.iahr.org

Climatic Influence
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Presenter
Presentation Notes
The research site is situated in the northwestern region of South Africa, Mpumalanga.The location is on the eastern limb of the renowned Bushveld Igneous Complex.Topographically, the site is characterized by elevations ranging from 950 to 1050 meters above mean sea level (mamsl).Geographically, it is positioned approximately 270 km inland from the Indian Ocean.The region typically shows mild, sunny winters and warm, wet summers. Rainfall predominantly occurs in the summer months, often accompanied by thunderstorms. The region's unique topography, combined with its climatic conditions, plays a pivotal role in influencing local weather patterns and precipitation distribution.
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• Quantile Delta Mapping (QDM) was applied to bias correct CHIRPS to
extend Maartenshoop data.

• CHIRPS / GPM showed similar elevation gradients with SAWS, with
GPM being more regionally representative; however, it does not match
Maartenshoop record extension.

Historical Precipitation
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• Both extended Maartenshoop and 30-min GPM data showed an average 
annual rainfall of ~700 mm/year from 2000-2021, confirming their regional 
accuracy.

• Daily: Maartenshop extended with CHIRPS with QDM
• Hourly: GPM at Maartenshoop 

Historical Precipitation
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Stochastic Precipitation
Stochastic model:

Bartlett-Lewis Poisson Process
(Hyetos Minute)

Storms 
time series: 

Parameters:
λ, α, v, κ, φ, ω, 
and μX

• mean, 
• variance, 

• Covariance; and,
• dry period 

probability

Optimization
• 1 hr.
• 6 hrs.
• 12 hrs .
• 24 hrs.

• The Bartlett-Lewis rectangular pulse
model detailed by Rodriguez-Iturbe et
al. (1987).

• Implementation by R library
HyetosMinute (Mazi et al, 2020).
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Presenter
Presentation Notes
Selected Model: The Bartlett-Lewis rectangular pulse model was applied to analyze local storms using hourly GPM data, as detailed by Rodriguez-Iturbe et al. (1987).Implementation: The model was executed using the R library HyetosMinute (Mazi et al, 2020).Precipitation Representation: Precipitation is depicted as a Poisson process in the Bartlett-Lewis model. Key parameters include the storm start time (lambda) and the rate of precipitation occurrence within each storm (beta).Parameter Transformation: Hourly precipitation data was converted into seven distinct parameters (λ, α, v, κ, φ, ω, and μX) as outlined by the HyetosMinute R package.Optimization: These parameters were optimized based on various metrics like mean, variance, covariance, and dry period probability across different time scales (1, 6, 12, and 24 hrs). For historical conditions, 24 hrs. storm parameters were derived from Maartenshoop extended with CHIRPS, while shorter durations utilized 30-min GPM records at Maartenshoop.
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Stochastic Precipitation - Historical
Stochastic model:

Bartlett-Lewis Poisson Process
(Hyetos Minute)

Parameters:
λ, α, v, κ, φ,
ω, and μX

1 hr. => GPM at Maartenshoop 
6 hrs. => GPM at Maartenshoop 
12hrs => GPM at Maartenshoop 
24 hrs=> Maartenshop extended with 

CHIRPS with QDM

Optimization

• mean, 
• variance, 

• Covariance; and,
• dry period 

probability
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Presenter
Presentation Notes
Selected Model: The Bartlett-Lewis rectangular pulse model was applied to analyze local storms using hourly GPM data, as detailed by Rodriguez-Iturbe et al. (1987).Implementation: The model was executed using the R library HyetosMinute (Mazi et al, 2020).Precipitation Representation: Precipitation is depicted as a Poisson process in the Bartlett-Lewis model. Key parameters include the storm start time (lambda) and the rate of precipitation occurrence within each storm (beta).Parameter Transformation: Hourly precipitation data was converted into seven distinct parameters (λ, α, v, κ, φ, ω, and μX) as outlined by the HyetosMinute R package.Optimization: These parameters were optimized based on various metrics like mean, variance, covariance, and dry period probability across different time scales (1, 6, 12, and 24 hrs). For historical conditions, 24 hrs. storm parameters were derived from Maartenshoop extended with CHIRPS, while shorter durations utilized 30-min GPM records at Maartenshoop.
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• Data Source: NEX-GDDP.
• Bias Correction: NEX-GDDP => Bias Corrected Maartenshoop with CHIRPS data

(daily)
• GCM Evaluation: A total of 127 GCMs for four greenhouse gas emission

scenarios (SSP1-2.6, SSP2-4.5, SSP3-7.0, and SSP5-8.5). Period: 2070 to 2099.

Climate change evaluation
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Stochastic Precipitation – Climate Change
Stochastic model:

Bartlett-Lewis Poisson Process
(Hyetos Minute)

• mean, 
• variance, 

• Covariance; and,
• dry period 

probability

1 hr. => GPM at Maartenshoop, GCM scaled1

6 hrs. => GPM at Maartenshoop , GCM scaled1

12hrs => GPM at Maartenshoop, GCM scaled1

24 hrs=> GCM corrected by Maartenshop extended 
with CHIRPS with QDM

1 Scaled to align historical GCM with GPM at Maartenshoop

Optimization
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Parameters:
λ, α, v, κ, φ,
ω, and μX

Presenter
Presentation Notes
Selected Model: The Bartlett-Lewis rectangular pulse model was applied to analyze local storms using hourly GPM data, as detailed by Rodriguez-Iturbe et al. (1987).Implementation: The model was executed using the R library HyetosMinute (Mazi et al, 2020).Precipitation Representation: Precipitation is depicted as a Poisson process in the Bartlett-Lewis model. Key parameters include the storm start time (lambda) and the rate of precipitation occurrence within each storm (beta).Parameter Transformation: Hourly precipitation data was converted into seven distinct parameters (λ, α, v, κ, φ, ω, and μX) as outlined by the HyetosMinute R package.Optimization: These parameters were optimized based on various metrics like mean, variance, covariance, and dry period probability across different time scales (1, 6, 12, and 24 hrs). For historical conditions, 24 hrs. storm parameters were derived from Maartenshoop extended with CHIRPS, while shorter durations utilized 30-min GPM records at Maartenshoop.
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Stochastic Precipitation – Climate Change
Stochastic model:

Bartlett-Lewis Poisson Process
(Hyetos Minute)

• mean, 
• variance, 

• Covariance; and,
• dry period 

probability

1 hr. => GPM at Maartenshoop, GCM scaled1

6 hrs. => GPM at Maartenshoop , GCM scaled1

12hrs => GPM at Maartenshoop, GCM scaled1

24 hrs=> GCM corrected by Maartenshop extended 
with CHIRPS with QDM

1 Scaled to align historical GCM with GPM at Maartenshoop

Optimization

X 127
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Parameters:
λ, α, v, κ, φ,
ω, and μX

Presenter
Presentation Notes
Selected Model: The Bartlett-Lewis rectangular pulse model was applied to analyze local storms using hourly GPM data, as detailed by Rodriguez-Iturbe et al. (1987).Implementation: The model was executed using the R library HyetosMinute (Mazi et al, 2020).Precipitation Representation: Precipitation is depicted as a Poisson process in the Bartlett-Lewis model. Key parameters include the storm start time (lambda) and the rate of precipitation occurrence within each storm (beta).Parameter Transformation: Hourly precipitation data was converted into seven distinct parameters (λ, α, v, κ, φ, ω, and μX) as outlined by the HyetosMinute R package.Optimization: These parameters were optimized based on various metrics like mean, variance, covariance, and dry period probability across different time scales (1, 6, 12, and 24 hrs). For historical conditions, 24 hrs. storm parameters were derived from Maartenshoop extended with CHIRPS, while shorter durations utilized 30-min GPM records at Maartenshoop.
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Stochastic evaluation - Historical
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Presenter
Presentation Notes
Using the Bartlett-Lewis pulses parameters, 128 time series were produced, each spanning a 30-minute interval over 300 years.Among these series:127 were linked to climate change projections.1 was associated with historical conditions, excluding climate change projections.Maximum precipitation values for storm durations of 6, 12, and 24 hours were analyzed and compared across three distinct sources:Bartlett-Lewis ModelOriginal GPM RecordsOfficial IDF (Smithers et al., 2002)Notably, the values for various storm durations (6, 12, and 24 hours) showcased consistency among the sources. This consistency was also evident when compared with the local official IDF at Maartenshoop.
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Stochastic evaluation - Historical

Smithers et al., 2002
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Presenter
Presentation Notes
Using the Bartlett-Lewis pulses parameters, 128 time series were produced, each spanning a 30-minute interval over 300 years.Among these series:127 were linked to climate change projections.1 was associated with historical conditions, excluding climate change projections.Maximum precipitation values for storm durations of 6, 12, and 24 hours were analyzed and compared across three distinct sources:Bartlett-Lewis ModelOriginal GPM RecordsOfficial IDF (Smithers et al., 2002)Notably, the values for various storm durations (6, 12, and 24 hours) showcased consistency among the sources. This consistency was also evident when compared with the local official IDF at Maartenshoop.
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Climate change evaluation - Projection

Time series selected 
as representative for 
the GCM variability
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Presenter
Presentation Notes
The Bartlett-Lewis stochastic pulse model, when integrated with CMIP6 GCM values, revealed variability in results.The figure illustrates maximum precipitation estimations for a 1:10 year return period, using a Gumbel Distribution.The results presents both positive and negative variations, based on the SSP and overall GCM ranges.Considering the uncertainties tied to the GCM, red lines have been incorporated to show the GCM site-specific ranges.
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• Landform design => hourly precipitation data ranging 100 to 1000 
years. However, the output do not align with the Global Climate 
Model (GCM) results.

• This approach aims to encapsulate GCM variability, but questions 
remain about the Bartlett-Lewis pulse's capability to accurately 
mirror this variability.

• The presented methodology is not a definitive solution for GCM 
integration. Instead, it's an attempt (trade-off) to infuse GCM into the 
hourly results.

Summary
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Thanks for your attention in this almost last 
presentation!

Well done yourself!

Any question?
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