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The Netherlands has suffered from tropical heat and it faced a meteorological and an agricultural 
drought in June and July (see report of 20th July on the EDC website, van Lanen (2006)). In the 
first days of August the temperature substantially dropped and stopped the heat wave. High 
rainfall, with a strong patchy nature, was a relief for agriculture at most places. Below some 
information is provided on the temperature and precipitation deficit in July and in the first days of 
August. Next the impact of the heat and the meteorological drought on groundwater levels, river 
flow and river temperatures in July is given, which is followed by a brief description of mortality and 
the impact on the various sectors (e.g. agriculture, nature, electricity production). The report 
concludes with the forecast. 
 
1. Situation in July and first days of August 
 
1.1 Temperature, precipitation and precipitation deficit in July 
In the previous report the temperature and precipitation deficit for the growing season from April to 
mid July is described (van Lanen, 2006). The three first month of the growing season had above 
normal temperatures and about 20% lower rainfall than normal (Royal Netherlands Meteorological 
Institute, KNMI, http://www.knmi.nl/). 
 

 
Figure 1 Daily weather data for July 2006 in De Bilt. Left: maximum temperature (red), average 
temperature (green), long-term average (black) and minimum temperature (blue line). Right: rainfall 
depth in mm (blue bar, left axis) and duration in hours (red line, right axis) (Source: Royal 
Netherlands Meteorological Institute, http://www.knmi.nl/). 
 
July 2006 was both extremely warm and sunny. The average temperature in De Bilt was 22.3°C, 
which is 4.9°C above the long-term monthly average. This is the highest average monthly 
temperate ever recorded. Two heat waves occurred (definition: period of at least 5 days with a 
maximum temperature of above 25°C, from which at least 3 days above 30°C). The first one was 
from 30 June to 6 July and the second lasted 16 days (15-30 July, Figure 1, left). The latter was the 
longest heat wave after the ones in 1976 and 1947 (17 days) and 1975 (18 days) since 1901.  
Sunshine duration was 310 hours in the Netherlands, which is 109 hours more than normal (Royal 
Netherlands Meteorological Institute, KNMI, http://www.knmi.nl/). 



 
July 2006 was also very dry. The average monthly rainfall in the Netherlands was about 25 mm 
against 70 mm normal. The rainfall varied between about 5 and 90 mm (Figure 2) due to 
convective native of the storms. In particular the western and the south-eastern part were dry. 
 

 
 
Figure 2 Rainfall for July 20061 (Source: Royal Netherlands Meteorological Institute, 
http://www.knmi.nl/). 
 
In the De Bilt it rained 15 mm against 70 mm normally. The rain showers lasted 9 hours, which is 
significantly lower than the normal of 37 hours (Figure 1, right). Data from US Climate Prediction 
Center (NOAA) show that large part of Europe received below average rainfall (Figure 3). 

 
Figure 3 Rainfall anomaly (% of normal) in July 2006 for Europe (Source: US Climate Prediction 
Centre, NOAA-CPC,  
http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/regional_monitoring/europe.shtml) 
 
The extremely high temperature and sunny conditions led to a very high crop reference 
evaporation. In combination with the low rainfall this results into a high precipitation deficit (crop 
reference evaporation minus precipitation). The drought that started early June continued in July. 

                                                 
1 Please note that the rainfall of 31 July has not been included. From 30 to 31 July (8:00 hour UT) some rain gauges 
received substantial rainfall (up to 40 mm was recorded in the northeast and southeast). 



The increase of the precipitation deficit in July was even steeper than in June (Figure 4, left). In the 
second part of July the cumulative deficit reached the 5% dry year level (about 200 mm). Please 
note that that this level has been reached after a rather wet start of the dry period (i.e. a deficit well 
below the median by the end of May). 
 

              
 
Figure 4 Cumulative precipitation deficit 1 April – 30 July in the Netherlands. Left: time evolution 
(average of 13 stations); 2006 deficit with 10-day forecast (black line), median deficit (blue line), 
5% year deficit (5 out of 100 years are dryer)(green line), and the deficit in the extremely dry year 
1976 (red line). Right: spatial distribution of the deficit (Source: Royal Netherlands Meteorological 
Institute, http://www.knmi.nl/). 
 
In the western part of the country and in some regions in the east the cumulative precipitation 
deficit exceeded 200 mm by the end of July (Figure 4, right). In small areas in the northwest the 
deficit even passed the 240 mm. The map also shows that the lowest deficit occurs in a SW-NE 
zone over the centre of the country (80-160 mm). 
 
1.2 Temperature, precipitation and precipitation deficit early August 
The temperature decrease started on July, 31 (Figure 1, left). Three out of four days the average 
temperature was below normal in at the start of August. On 2 and 3 August the maximum  
 

 
 

Figure 5 Weather 1-4 August 2006. Left: total precipitation. Right: Cumulative precipitation deficit 
since 1 April in the Netherlands, incl. early August (for explanation see caption of Figure 4) 
(Source: Royal Netherlands Meteorological Institute, http://www.knmi.nl/). 
 



temperature was even below 20oC.  
Early August was extremely wet in most of the Netherlands. In De Bilt already 46 mm has been 
recorded in the first 4 days of August, whereas the normal is 58 mm for the whole month (Royal 
Netherlands Meteorological Institute, http://www.knmi.nl/). In some areas (Figure 5, left, dark green 
and blue), in particular in the southwest, more rainfall was recorded in those days than normal for 
the whole month.  
The cumulative precipitation deficit significantly dropped early August (Figure 5, right), i.e. from 
200 mm (Figure 4, left) to 140.2 mm because of the high rainfall. However, in the western part of 
the country along the North Sea coast still areas occur with over 200 mm deficit month (Royal 
Netherlands Meteorological Institute, http://www.knmi.nl/). 
 
The low temperatures and high rainfall in early August have at least temporarily, but maybe 
permanently, ceased the meteorological drought. 
 
1.3 Groundwater levels in June and July 
By the end of July groundwater levels were still considerably lower than normal and in some 
locations extremely low (RIZA, 2006, 
 http://www.rijkswaterstaat.nl/rws/riza/home/actueel/droogtebericht.htm).  
The large water demand of the vegetation due to the high precipitation deficit is covered by soil 
moisture (if sufficiently available), which in many parts of the Netherlands is partly delivered by 
capillary rise. Groundwater levels drop very quickly if capillary rise is high. The sharp drop due to 
capillary rise is characteristic for extended areas in the Netherlands where groundwater levels are 
at shallow depth. Figure 6 shows some results for a wetland on the Belgian-Dutch border (Noor 
experimental catchment). 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6 Decrease of the phreatic water level in a Dutch wetland (Noorbeemden, South Limburg) in 
2006. Left: June (23 May - 21 June). Right: June (21 June – 25 July).  
 
For example in June, in 50% the wells the water tables dropped by more than 20 cm (Figure 6, 
left). In July this was more than 50 cm due to the higher precipitation deficit (Figure 6, right). 
 
In the previous report (van Lanen, 2006) it was already mentioned that the areas with deep water 
tables do not directly respond to meteorological droughts like June-July 2006. In the Noor 
experimental catchment most of the wells with deep water tables still rise because of the winter 
rainfall. This is also reflected in the flow of the St. Brigida spring (major spring), which is fed by the 
aquifer with the deep water tables. The springflow was rather stable. 
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1.4 River flow 
The Institute for Inland Water Management and Waste Water Treatment (RIZA, 2006) provides 
data on river flow of the major rivers entering the Netherlands. By the end of July the discharge of 
the River Rhine was about 1200 m3/s which is 1000 m3/s below the average (Figure 7, left). River 
flow is expected to stabilize. The flow is approaching the low flow situation of 2003 and 1976.  
 

  
 
Figure 7. Observed river flow, left: River Rhine at Lobith, and right River Meuse at Luik (2006 till 31 
July: dark blue line, 2003: light blue line, 1976: red line, and long-term average daily flow: black 
line). (RIZA, 2006) 
 
The flow of the River Meuse quickly decreased until the end of July (Figure 7, right). Then there 
was some relief due to rainfall in the upstream part. Flow is now between 70-100 m3/s. Flow of the  
River Meuse follows more or less the 2003 flow.  
 
1.5 River temperature 
Institutes of the Ministry of Public Transport en Water (e.g. Institute for Inland Water Management 
and Waste Water Treatment, RIZA, and the National Institute for Coastal and Marine Management, 
RIKZ) continuously monitor river water temperature .  
 

 
 

Figure 8. Observed temperature of the River Rhine at Lobith, 25-31 July 2006 
(http://www.aqualarm.nl/). 
 



Figure 8 gives the observed temperature of the River Rhine at Lobith where it enters the 
Netherlands. River temperatures were high. On 27-28 July the temperature was above 27°C. Late 
July the temperature slightly dropped, but remained rather high.  
The diurnal fluctuation of the temperature and the variation over the last week of the River Meuse 
was larger than for the River Rhine. The temperature varied between 24 and 27.5° 
(http://www.aqualarm.nl/). 
 
2. Some impacts  
 
Mortality 
Statistics Netherlands (CBS) collects information on the cause of death. There exists a relationship 
between the heat and the death rate. However, the relationship between climate and excess 
mortality is complex. Garssen et al. (2005) followed a rather simple approach to estimate heat-
related death for 2003. They calculated the average weekly maximum temperature and the number 
of death per week allowing for a delay of 3 days. Results for 2003 are shown in Figure 9 (right). 
 

      
 
Figure 9. Relationship between number of death and the average weekly maximum temperature in 
the Netherlands. Left: 2006 (number of death, solid line, left y-axis, and temperature, dashed line 
right y-axis), and right: 2003 (number of death, bold blue line, left y-axis and temperature, black 
line, right y-axis) (Source: Statistics Netherlands, http://www.cbs.nl/nl-NL/menu/themas/mens-
maatschappij/bevolking/publicaties/artikelen/2006-2003-wm.htm and Garssen et al., 2005). 
 
For 2003 they found a linear relationship between the number of death and the temperature, i.e. 
33.5 death per week per degree Celcius. The total excess mortality in the period June-September 
2003 was estimated between 1400 and 2200 death (Garssen et al., 2005).  
Alders (Statistics Netherlands) estimated that in the first 3 weeks of July 2006, 500 more people 
died than on average, which is likely to be associated with the heat wave (http://www.cbs.nl/nl-
NL/menu/themas/mens-maatschappij/bevolking/publicaties/artikelen/2006-2003-wm.htm). 
 
On Tuesday 18 July, 250-300 walkers and spectators got unwell when they participated in, or 
looked at the Four Days Marches. This has imposed great pressure on the medical services. The 
Four Days Marches is a popular event with over 40.000 participants who walk 30, 40 or 50 km 
each day. About 30 people had to be brought to hospital from which 2 died. In the afternoon the 
temperature rose steeply and wind speed significantly dropped on a stretch where there was no 
shadow (a dike). The Organization Committee decided to cancel the 90th version after careful 
discussion with the local authorities, the medical services, the police and fire department  



One week later the Four Days Biking in the province of Drenthe (25-28 July) was also cancelled 
because of the forecasted high temperatures. The 15.000-20.000 bikers had to be disappointed.  
On Wednesday 25 July the participants of the Six Days Beach Marches were transported by 
busses instead of walking the 37 km between Noordwijk and Velzen because of the forecasted 
maximum temperature of 34oC. 
 
Agriculture 
As mentioned in the previous report (van Lanen, 2006) agricultural crops suffer from the current 
drought. The Agricultural and Horticulture Organization (LTO) expects, in particular, for the potato 
crop yield reductions from 30 to 40% (De Volkskrant, 25 July 2006). Farmers try to reduce yield 
reduction by sprinkling. However, ten Water Boards do not permit sprinkling anymore to avoid 
further decrease of streamflow, and drop of surface water and groundwater levels (RIZA, 2006). 
The main reason for the temporary ban is to prevent a further degradation of aquatic ecosystems 
and wet terrestrial systems, in particular those of nutrient-poor environments.  
 
Electricity production 
Most electricity producing plants use large amounts of water for cooling purposes. However, they 
have to obey strict regulations that are related to the temperature of the river water and the cooling 
water. The high river water temperatures (Section 1.5) impose limitations on the use of river water 
for cooling implying that some of the energy plants cannot use their maximum capacity anymore. 
TenneT (Dutch electricity Transmission System Operator) has to redistribute electricity. On 
Wednesday 26 July TenneT invoked phase 2 of the action plan for cooling water restrictions. This 
meant that the total quantity of reserve capacity (with a dispatch time of up to 30 minutes) was less 
than 700 MW. TenneT has asked producers to free up capacity to enable TenneT to restore the 
reserve position. Every day, the Department of Public Works and Water Management, the Ministry 
of Economic Affairs and TenneT review the total position of the reserve capacity, including cooling 
water restrictions. The fact that phase 2 has been invoked meant that there was also a greater 
chance of a ‘not-normal situation’ in the electricity system. Because the reserve position was less 
than 700 MW, it may not have been possible to immediately cover multiple disruptions. This might 
have resulted in a considerable national imbalance , http://www.tennet.nl/english/index.aspx. 
Electricity use was about 10% higher than normal (De Volkskrant, 26 July 2006). 
 
Nature 
The Nature Calendar (Natuurkalender, http://www.natuurkalender.nl/) reports on the 2006 drought. 
The impact is hard to estimate, but it is expected to be severe, especially because it has to be 
superimposed on the existing man-induced drought (e.g. lower water tables, higher soil moisture 
deficits, lower streamflow, poorer water quality). The calendar reports on various species, groups, 
ecosystems, e.g. impact on trees, plants, birds, mammals, butterflies, dunes, wet book valleys. For 
example the impact might be negative, such as for the oak, beech and birch, but also positive as 
for the walnut, robinia and plane. 
 
3. Forecasts 
At the start of August the Royal Netherlands Meteorological Institute (KNMI) forecasted for the 
Netherlands cooler weather with somewhat higher temperatures after 5 days but no heat wave for 
the first 10 days. The KNMI also forecasted rain, which means a decrease of the cumulative 
precipitation deficit (e.g. Figure 4, left).  



Based upon statistics of July and August temperatures, the institute expects a warmer August than 
normal, i.e. temperatures of 2-2.5oC higher. The higher temperatures are mainly due to the warm 
water of the North Sea. Especially, the coastal zone will experience higher air temperatures 
(http://www.knmi.nl/). 
 
As mentioned in the previous report (van Lanen, 2006), the European Centre for Medium-Range 
Weather Forecasts (ECMWF) provides a seasonal forecast, which indicates that the period August, 
September and October will be slightly warmer than normal (0-1°C). Precipitation is expected to be 
normal, although the Upper Rhine basin might be dryer than normal.  
 

 
 
Figure 10. Forecasted evolution of the 30-day cumulative precipitation deficit since 27 July in De 
Bilt (RIZA, 2006, http://www.rijkswaterstaat.nl/rws/riza/home/actueel/droogtebericht.htm). 
 
The KNMI and ECMWF have also produced a forecast of the cumulative precipitation deficit 
starting on 27 July for the De Bilt (Figure 10). The ensembles show that it is likely that the 
cumulative precipitation deficit will not substantially increase anymore in August. A decrease of 
50 mm or more was also possible. Figure 5 (right) shows that the latter has happened, which might 
mean that the meteorological drought is at the end. 
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Relevant websites 
http://www.knmi.nl/ Royal Netherlands Meteorological Institute, KNMI. 
http://www.geo.uio.no/edc/ European Drought Centre, EDC. 
http://www.rijkswaterstaat.nl/rws/riza/home/ Institute for Inland Water Management and Waste 

Water Treatment, RIZA. 
http://www.aqualarm.nl/ Ministry of Public Transport en Water. 
http://www.ecmwf.int/ European Centre for Medium-Range Weather Forecasts, ECMWF.  



http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/regional_monitoring/europe.shtml US  
Climate Prediction Centre, NOAA-CPC. 

http://www.cbs.nl Statistics Netherlands 
http://www.tennet.nl/english TenneT (Dutch electricity Transmission System Operator 
http://www.natuurkalender.nl/ Nature Calendar (Natuurkalender, only in Dutch)  
 


