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Introduction

➢ The Netherlands
▪ Since 2018 a lot attention for 

drought and heat impacts 

➢ New Orleans
▪ Little attention to drought

▪ Little attention for heat 

impacts.

▪ Recently, there has been a 

heat warning (2019, July 7)

▪ Large land subsidence 

project (Deltares)

➢ Can we learn from each other’s 

drought and heat experiences



Introduction (research area) 

Similarities: 

 Delta (Mississippi & Rhine river delta plain)

 Below sea level 

 Clay (peat) soils

 Subsidence

 Vulnerable for climate change



Introduction (research areas) 

Differences:

 Climate

▪ Temperate maretime VS Subtropical

▪ Double precipitation rates

• 800 millimeter (NL) & 1500 millimeter (NO)

▪ Higher temperatures

• Average summer temperature 17,5  °C (NL) & 27,7 °C (NO)

 Drought and heat are limited studied in New Orleans



Introduction (future climate)

The Netherlands 

▪ Less precipitation
(April to August)

New Orleans 

▪ Slightly more 
precipitation
(April to August)

▪ Still getting dryer

▪ Intensity up

▪ Shorter duration



Introduction (future climate) 

 More heat 

 Similar

temperature

increase

 +2 or +3 °C



Research (Objective)

Research question: 
What are the socio-economic impacts of drought and heat events in the Netherlands and in New Orleans, 
what are the differences and similarities of the occurrence and impacts of drought and heat between the two 
areas and what are the tools for drought mitigation? 



Research (Implementation)

1. Drought and heat of the past 1000 years 

▪ Literature ‘’Thousand years weather, wind & water in the Low lands’’  (6 books; Buisman)

2. Drought and heat events of the past 100 years in the Netherlands and New Orleans

▪ Meteorological data

3. Indicating all drought and heat related impacts of the Netherlands and New Orleans

▪ Literature (Researches, newspapers & weather institutions)

▪ Fieldwork in New Orleans (2 weeks in April, taking interviews and observation) 

4. Similarities/ differences of mitigation option between the Netherlands and New Orleans

▪ What can we Learn form each other?



Background

Definition: 
Intergovernmental Panel on 

Climate Change (IPCC):

“A period of abnormally dry 

weather long enough to cause a 

serious hydrological imbalance”

Urban drought is different and often

human induced!! Not included in 

current definitions



Background (drought index)

 Precipitation deficit (NL)

▪ The difference between the amount of precipitation and the 
calculated reference crop evaporation for the period of April 1 
to September 30.

 Palmer drought severity index (PDSI; USA)

▪ Long term drought (several months to years)

▪ Temperature and precipitation data

▪ Supply- and- demand model of soil moisture 

▪ -10 (extremely dry) and +10 (extremely wet) 

 Heatwaves 

▪ Maximum temperature for five consecutive days  ≥ 25 °C, of 
which three days are ≥ 30 °C (the Netherlands).

▪ Extreme heat: period (2 to 3 days) of high heat and humidity 
with temperatures above 32 °C (USA).

Description Palmer Drought
Normal 0
Moderate drought -2
Severe drought -3
Extreme drought -4

Exceptional drought -5.0 or less



Results (past 1000 years) 

 Small ice age (1430-1820)

 Mean summer temperature
lower than current (17,5 °C )

 Drought apperars often in 

colder periods

▪ Drougth and heat not

always compound 

events

Drougth and heat events (1300-1800)



Results (PDSI)

Rank Year Month PDSI

1 2000 August -6,2

2 2006 July -4,6

3 2001 May -3,9

4 2009 August -3,7

5 1999 May -3,4

New Orleans

Rank Year Month Mean  

1 1921 December -7,6

2 1976 December -7

3 1959 December -6,3

4 2003 December -4,1

The Netherlands

Description Palmer Drought
Normal 0
Moderate drought -2
Severe drought -3
Extreme drought -4

Exceptional drought -5.0 or less

▪ 1963: driest year (no pdsi values) 
▪ 2011: second driest (no pdsi values) 



Results (precipitation deficit)
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➢ The Netherlands➢ New Orleans (1960-1990)

➢ The experience of high Precipitation deficits are different between the 

Netherlands and New Orleans 
▪ Example: Large trees survive high precipitation deficits in New Orleans  

Audubon Park Oak Tree - New Orleans

Rank Year Precipitation deficit 
(mm)

1 1976 361

2 1959 352

3 1911 328

4 1921 321

5 2018 309

10 2003 234

Rank Year Precipitation deficit 
(mm)

1 1976 636

2 1990 615

9 1963 470



Results (River discharge/ drought)

Rhine

▪ Water is used to maintain polder levels 

▪ Correlation: low Rhine discharges with 
a high precipitation deficit

Mississippi
▪ Daily discharge and daily precipitation deficit (dutch 

method)

▪ Correlation 

➢ Inspired by Deltares

➢ River important to keep water level high in polders during summer

▪ Prevent subsidence 



Results (River discharge/ pdsi)

 Mississippi 

▪ 1975-2010

▪ Little correlation

 Rhine

▪ 1901-2005

▪ correlation

Mean Rhine discharge and PDSI number of April to July (1901-2005)

Mean Mississippi discharge and PDSI number of April to July (1975-2010)



Results (Heatwaves)

 New Orleans 

▪ Every year one or more heatwaves

▪ Duration heatwaves +150 days

 The Netherlands

▪ Not every year a heatwave

▪ Duration heatwaves < 25 days



Results (drought impacts)

Infrastructure Road sides Underground infrastructure Buildings

Levees Surface water         Vegetation Animals

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwiiz-TA85PjAhUMZVAKHc8PD_8QjRx6BAgBEAU&url=https://www.volkskrant.nl/wetenschap/natuur-zucht-onder-aanhoudende-droogte~b3895749/&psig=AOvVaw0hKoHWULS5d8LlVVgMzbKM&ust=1562076682075557


Results (heat impacts)

RoadsRailway Surface water

Heat stress Human Health Animals



Results (New Orleans)

Drought impacts

▪ Houses

▪ Roads

▪ Sewage pipes

▪ Drinking water supply

Heat impacts

▪ Human Health

• Heat stress

• Mosquitos

Interviews

▪ Almost no indication of 

drought and heat 

impacts



Results (New Orleans key findings)

➢ Not only meteorological drought

▪ Extreme rainfall events 

➢ Human induced drought

▪ 24 large stormwater drainage pump stations

➢ Pumps every raindrop directly to the canals

▪ Broken sewage systems 

➢ Many drought related damages are caused by 
shrink and swell due to varying groundwater levels

New Orleans (Pump station 6)



Shrink and Swell
➢ Normally groundwater levels are at the same 

level as drainagesystem

➢ Groundwater level drops (below clay layers)

▪ dry periods

▪ pumping 

▪ broken sewage systems

➢ Clay layers contracts (shrink) 

➢ Groundwater levels are rising: 

▪ wet periods

▪ leakage of drink water pipes (55% = 1mm/day)

➢ Clay layer swells 



Mitigation options

Drougth

▪ Repair underground infrastructure

▪ Maintain groundwater levels at a certain elevation in urban areas

▪ Store water during wet periods (green & blue infrastructure)

▪ Using drought resistent vegetation

▪ Using cisterns for irrigation instead of drinking water

Heat

▪ Double amount of trees 

▪ Better insulation of houses

▪ Information & warning systems



Discussion

▪ Meteorological data is inconsistent 

▪ There is not much awareness of drought

and heat related impacts

▪ Measures have not only positive

outcomes (Airco, Trees & repairing

underground infrastructure)

▪ Extreme precipitation and flooding are 

major issues which should be in mind 

while constructing drought measures

New Orleans

▪ Long continuous meteorological data sets

▪ Enough available information to indicate 

drought and heat related impacts

The Netherlands



Conclusions

The Netherlands

▪ Drought events are long and noticeable

▪ Low Rhine river discharges correlate to dry 

periods

▪ Much attention for drought and heat events 

and related damages

▪ Long duration of low water levels causing most 

damages

▪ The Netherlands can learn from extreme heat 

events in New Orleans 

➢ Drought and heat events are from all times and will appear more often in the future

New Orleans

▪ Drought events are short

▪ Low Mississippi discharges do not always

correlate with dry periods

▪ Drought is underexposed

▪ Heat events are extreme and affecting               

mostly human health

▪ Shrink and swell processes are causing most  

drought related damages

▪ Using Dutch expertise to maintain

groundwater levels at a high elevation

preventing drought damages. 



Results



Results



Any questions????? 
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