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The Netherlands is suffering from tropical heat and it is facing a meteorological and an agricultural 
drought. Below some information is provided on the current temperature and precipitation deficit, 
groundwater levels, river flow and river temperatures, which is followed by a brief description of the 
impact on various sectors (e.g. agriculture, electricity production). The report concludes with the 
forecast. 
 
1. Current situation  
 
1.1 Temperature and precipitation deficit 
The growing season in 2006 started with a mild April; the average temperature of 8.3°C  in De Bilt 
was slightly above the long-term average (9.0°C). The average rainfall for the whole country 
(37 mm) was somewhat below the long-term average (44 mm). May had two different periods. The 
first part was dry, sunny and very hot, whereas the second part was dominated by uncertain 
weather. The average monthly temperature was 14,5°C, which is 1.8°C above the average (7th 
hottest May since 1901). May was wet; 84 mm was recorded for the whole country as opposed to 
57 mm in a normal year. June was warm and very sunny. From 8 June onwards the warm period 
started. The monthly average temperature in De Bilt was 1.5°C higher than normal. It was very dry 
with 28 mm (country average) as opposed to 71 mm under normal conditions. In particular the 
eastern part was extremely dry with less than 10 mm (Source: Royal Netherlands Meteorological 
Institute, http://www.knmi.nl/). So, the three first month of the growing season had above normal 
temperatures and about 20% lower rainfall than normal. 
In July the average temperature in De Bilt so far, is 22.1°C, which is 4.7°C above the long-term 
monthly average. In about 80% of the days the maximum temperature was above 30°C. Two heat 
waves were already reported (period of at least 5 days with a maximum temperature of above  
 

 
 
Figure 1 Cumulative precipitation deficit in the Netherlands, left: 2006, and right: 2003. The black 
line represents the relevant year (either 2006 or 2003), blue line gives the median, the green line 
provides the 5% year (5 out of 100 years are dryer) and the red line applies to the extremely dry 
year 1976 (Source: Royal Netherlands Meteorological Institute, http://www.knmi.nl/). 
 



25°C, from which at least 3 days above 30°C). The current heat wave is already the 6th one in 21st  
Century, whereas only 38 heat waves occurred in the previous century. So far, 8.2 mm of rain have 
been measured in De Bilt, which is exceptionally low (long-term monthly average is 70 mm). 
(Source: Royal Netherlands Meteorological Institute, http://www.knmi.nl/). 
 
The high temperature and sunny conditions lead to a high crop reference evaporation. In 
combination with the low rainfall this results into a high precipitation deficit. The Royal Netherlands 
Meteorological Institute (http://www.knmi.nl) reports every day on the cumulative precipitation 
deficit, which is defined as the cumulative difference between the crop reference evaporation and 
the precipitation since 1 April. Figure 1 provides the data for 2006 (left, black line). The wet May 
month is clearly reflected (decrease of deficit). However, the steep increase of the deficit since 
early June is more striking. The gradient is similar to the one of the extreme dry 1976 (red line). 
The precipitation deficit (175.7 mm) is even higher than the one during the 2003 drought 
(about 150 mm). 
 

 
 
Figure 2 Cumulative precipitation deficit in the Netherlands until 20July 2006 (Source: Royal 
Netherlands Meteorological Institute, http://www.knmi.nl/). 
 
In major parts of the countries the cumulative precipitation deficit exceeds 160 mm and in some 
areas in the east and northwest it even exceeds 200 mm (Figure 2). Under normal conditions the 
deficit is around 100 mm. The map also shows that the lowest deficit occurs in a SW-NE zone over 
the centre of the country. 
 
1.2 Groundwater levels 
Groundwater levels are considerably lower than normal and in some locations extremely low 
(Institute for Inland Water Management and Waste Water Treatment, RIZA 
http://www.rijkswaterstaat.nl/rws/riza/home/actueel/droogtebericht.htm). The low groundwater 
levels have two reasons. Obviously, the first reason is the drought. The large water demand of the 
vegetation 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. Another reason for the low 



groundwater levels is the dry preceding winter. The Netherlands belonged to a zone reaching from 
the Iberian Peninsula over West Europe and the UK to Southern Scandinavian and Finland that 
received below average precipitation (NOAA, 2006). For the major part of the Netherlands the 
anomaly was 50-75% of normal precipitation in the period Dec05-Feb06. 
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Figure 3. Observed groundwater levels in an observation well in South Limburg with deep 
groundwater levels. 
 
Low winter precipitation is especially important for areas with deep groundwater levels (e.g. de 
Veluwe and South Limburg). Figure 2 gives the groundwater level for a well in South Limburg with 
deep groundwater levels (about 20 m below soil surface). This long record shows that groundwater 
in this region is in a drought similar to the early 1990 drought. It is less worse than the mid 1990 
drought. Please note, that by the end of June the groundwater levels were even rising due to the 
(rather low) winter recharge. So, these deep groundwater levels are not directly affected by the 
current meteorological drought.  
 
1.3 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. 
 
The discharge of the River Rhine is about 1400 m3/s which is 700 m3/s below the average 
(Figure 4, left). River flow will further drop due to the large precipitation deficit both in the 
Netherlands and Germany and the low groundwater levels that cause low groundwater discharge 
into the streams. The flow is approaching the low flow situation of 2003 and 1976. If the flow drops 
below 1250 m3/s then limitations for navigation will start and costs will steeply rise (RIZA, 2005). 



 
Figure 4. Observed river flow, left: River Rhine at Lobith, and right River Meuse at Luik (2006: dark 
blue line, 2003: light blue line, 1976: red line, and long-term average daily flow: black line). (RIZA, 
2006) 
 
Last winter the flow of the River Meuse was at the level of the dry 1975-76 winter. There was some 
alleviation in recent months. The wet month of May is clearly reflected in the above normal flow. 
However, from early June onwards the flow quickly decreases and it is now about equal to the 
2003 flow.  
 
1.4 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 quality.  
 

 
 

Figure 5. Observed temperature of the River Rhine at Lobith, 14-20 July 2006 
(http://www.aqualarm.nl/). 
 
One of the parameters is the water temperature. During a period with high temperatures, river 
temperature increases due to heat exchange with the atmosphere, but also because of use of river 
water for cooling purposes. Average temperature of the River Rhine has already increased by 
about 3.0°C over the last century (RIZA, 2005). The water temperature is of utmost importance for 
the aquatic environment. Figure 5 gives the observed temperature of the River Rhine at Lobith 
where it enters the Netherlands. River temperatures are high. The temperature has a clear diurnal 
course. It fluctuated last week between 24 and 27°C with an up going trend in the last part.  



The diurnal fluctuation of the temperature and the variation over the last week of the River Meuse 
was larger. The temperature varied between 22 and 27°C. Also in the River Meuse an up going 
trend has been observed over the last days (http://www.aqualarm.nl/). 
 
2. Some impacts  
 
Agriculture 
Agricultural crops really suffer from the current drought. The cumulative precipitation deficit is over 
200 mm at some places (Section 1.1). Only the best soils have a soil moisture availability of over 
200 mm. This implies that the actual evapotranspiration is lower than the potential one, which leads 
to reduced crop growth. Farmers expect substantial crop losses Some farmers try to replenish soil 
moisture by applying sprinkler irrigation. However, six 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. They are often 
located along the rivers or other major water ways. There are strict regulations on the properties of 
the cooling water that flows back in the river (e.g. RIZA, 2005), which the energy companies have 
to obey. High river water temperatures impose limitations on the use of river water for cooling. In 
that case some of the energy plants cannot use anymore their maximum capacity. TenneT (Dutch 
electricity Transmission System Operator, http://www.tennet.nl/english/index.aspx), has to 
redistribute electricity. Currently, there are production limitations due to high river water 
temperatures (Section 1.4). The so-called alert phase 1 has been implemented, which means that 
less than 1400 MW is available, but more than 700 MW as reserve within specific periods of time. If 
less than 700 MW is available (phase 2) then it becomes critical. 
 
3. Forecasts 
The Royal Netherlands Meteorological Institute forecasts for the Netherlands (period 22-30 July) a 
continuation of warm summer weather with regular sun and some occasional thunderstorms 
(http://www.knmi.nl/). 
 

 
Figure 6. Forecasted temperature anomalies by ECMWF, left: 17-23 July, and right: 24-30 July 
(derived from RIZA, 2006). 



 
The forecasted warm weather is not restricted to the Netherlands, but holds for a large part of West 
Europe (Figure 6). The red colours indicate warmer weather than normal and the blue colours the 
opposite. 
 
The precipitation forecast (Figure 7) says that the first week will be dry, in particular in the basin of 
the River Rhine. The red colours indicate dryer weather than normal and the blue colours wetter 
than normal. The forecast of anomalies for the second week is more neutral, i.e. more normal 
precipitation. 
 

 
Figure 7. Forecasted precipitation anomalies by ECMWF, left: 17-23 July, and right: 24-30 July 
(derived from RIZA, 2006). 
 
The European Centre for Medium-Range Weather Forecasts (ECMWF) also provides seasonal 
weather forecasts. Figure 8 provides a forecast for the months August, September and October. 
The seasonal forecast is based upon a experimental, global model. The results are still indicative. 
Yellow colours give higher temperatures/lower precipitation and the blue colours give lower 
temperatures/higher precipitation than normal. The white colour indicates normal conditions. 
 

 
Figure 8. Forecasted anomalies by ECMWF, left: temperature, and right: precipitation for the 
months  August, September and October (derived from RIZA, 2006). 
 
The seasonal temperature forecast indicates that the coming three months 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.  
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