Know what you observe and observe what you do not know.
Sir Rector, colleagues, family and friends, ladies and gentlemen, 
Introduction 

When playing on the beach many children dig holes near the sea. You only need to dig a few inches deep and within a few minutes the pit will get filled with water coming out of the surrounding sand, so groundwater. Observing the water level in the pit for a little while, we will see that the water level drops at low tide and that it increases as the seawater rises. The water level is a dynamic phenomenon. So close to the sea, it will not surprise anyone that water in the pit is salty. Walking into the dunes and digging a hole over there, we must dig deeper to find water than we would have to at the beach. In the dunes the groundwater level is higher than on the beach. More striking is that this water so close to the sea is not salty but fresh. This is because groundwater in the dunes is not fed by the sea, but by rainwater. And also we will see that the water level in the pit in the dunes hardly changes within a few hours. Further inland, we might arrive at an old landfill, without protection of groundwater. A pit dug nearby will also fill with water, but the chemical composition of this water is completely different from that in the dunes, despite that the groundwater at the landfill is fed with the same rain water as in the dunes. On its journey through the soil water can carry many substances, depending on what that water meets on that trip. In the case of the garbage we usually consider these substances as pollution.
Conversely, groundwater also has an impact on the subsurface. The presence or absence of water is important for the sustainability of the soil layers and the stability of structures. Remember the shearing of the dike at Wilnis a few years ago due to shortage of water. Also, a decline of the groundwater in peat and clay can result in substantial soil decline, with potentially harmful consequences. Groundwater is also important as mean of transport. It can mobilize substances in one place and leave them in another place. In addition, chemical reactions between the soil and groundwater can have significant influences on characteristics of the soil and the composition of the groundwater. A recent example, in which the groundwater as mean of transport of contaminants plays a role, is the debate on the dumping of dredged material in deep pools. Discussion here is to what extent contaminants from the sludge can be spread by groundwater. We can also use the groundwater flow capacity to clean soil from contaminations. In many soil remediation operations by means of pumping groundwater, a flow through areas with pollution is created, in this way cleaning the ground. In this process substances can be added in order to mobilize or to degrade contaminants.
In short, soil and groundwater may show great differences in terms of the level, chemical composition and dynamics on short distances already. The subsurface system is a complex, dynamic, three-dimensional system, with a strong interaction between groundwater and soil, concerning both physical and chemical aspects. Determinant for the behaviour of the subsurface system are on one hand natural influences like the geological structure and natural groundwater recharge, and on the other hand influences resulting from human activities such as water management, land use, waste disposal, ground water extraction, etc. This human activity partly concerns deliberate effects, for instance creating optimal conditions for agriculture through drainage or for extraction of enough clean drinking water. Partly this influence is an unwanted by-product as is the case with soil and groundwater contamination caused by industrial activity or subsidence caused by extraction of groundwater or mining.
Groundwater, soil and social importance
Not everyone will realize this, but soil and groundwater play an important role in our daily lives. Groundwater is an important source for drinking water, but also to produce our food, the water in the subsoil is of great importance. With a too high or too low groundwater level crops do not grow optimally. Moreover, if conditions are too wet many agricultural machines cannot do the work on the land. In urban areas a too high groundwater level gives troubles of flooding in the crawl space and mould in the houses. This problem occurs for instance in the old part of Delft. Also a low groundwater level can cause problems because wooden piles can rot and structures can get damaged due to subsidence. Contamination of groundwater leads to problems for the drinking water extraction and where groundwater seeps up or discharges into the surface water, contamination of groundwater can be undesirable or even dangerous, to man or to the ecosystem. The soil literally is the foundation on which our society is built. We want buildings to remain, that roads and railways do not subside and that the water remains behind the dikes. Increasingly, we also want to use the subsurface. Buildings and infrastructure have found their way more in depth. In some cities, you park your car at more then ten meters below surface. The subsurface has been discovered as a medium for energy storage in the form of heat and cold and we explore the possibility of storing waste gases such as CO2. This use of the subsurface causes social reaction. Problems in constructing subway tunnels are in the news and nobody will have missed the recent publicity around the pilot project for the storage of CO2 at Barendrecht.
The social importance of this complex subsurface and groundwater is very high. Questions should be answered: 
- What is the strength of the substrate, 
- What is the self-cleaning capacity, 
- What happens if we change the water management, 
- What are the risks of subsurface constructions,
- What is the impact of the groundwater composition on the ecosystem, 
- and much more. 
A often recurrent dualism is that we would like to optimally use certain characteristics of the soil and groundwater, but this utilization may not be at the expense of unacceptable safety risks or environmental changes. The social importance requires good information about the subsurface system allowing to make proper considerations in the design stage, to assess the policies and to evaluate and to alarm when something is likely to go wrong. Therefore there is every reason to keep a good eye on the subsurface and groundwater: in short terms to monitor.
The importance of water management based on good information is also recognized by the European countries. This has led to the European Water Framework Directive [1] and the Groundwater Directive [2]. These guidelines distinguish, amongst others, groundwater bodies. Somewhat succinctly stated, Member States are required to report whether the groundwater bodies are in a "good status", and whether a trend is apparent. The status of the groundwater involves not only the presence (is there enough), but especially also the chemical composition. The latter especially concerning to what extent the water quality can be a threat to groundwater dependent ecosystems and the quality of surface water where groundwater discharges. If a groundwater body is not in good status, a Member State should take measures to restore a good status in a not too long term. To get some overview on national and European level and to formulate a policy, these groundwater bodies should not be too small. Round Europe the size varies somewhat, but to give an idea we can think of the size of a province or a water board. The framework directive is very clear on how to report. In case of a good status, we color the body green, if the status is poor, good, then the body is red. From the perspective of a geologist or geo-hydrologist this may seem an unacceptable simplification of reality, from the perspective of a water manager or environmental manager this is very understandable. After all, he or she needs to make a yes / no decision. Measures are needed, or no measures are necessary. The challenge for those involved in monitoring is to reduce the information from the complex dynamic three-dimensional reality to a simple red or green.
The way in which should be reported may be very clear, much less clear are the Water Framework Directive and the Groundwater Directive on how the status and the trend should be determined and what should be the reliability. While reading them the idea comes up that the status of a groundwater body can be measured instantaneously, like a doctor can measure the temperature of a patient. The next example illustrates the complexity that we face.

Nitrate concentration in groundwater in the Netherlands is a problem substance, mainly due to fertilization in agricultural areas. The nitrate infiltrating in the soil, is transported through the surface by groundwater flow and will eventually exfiltrate somewhere else, discharges into the surface water or pumped to the surface by groundwater extraction. This flow process can, depending on the situation, take many decades. The path of a water particle through the subsurface (the flow path) is entirely inside a groundwater body. The nitrate follows the flow path of groundwater, but on its way many things happen. Dispersion may occur, allowing the nitrate plume to spread and dilute. There may be adsorption of nitrate, making it temporarily held by the soil and degradation can occur and thus converting nitrate into other substances. As a result, the concentration along the flow path in the groundwater body can be quite different from place to place. The concentration is also variable in time, because of differences in the degree of fertilization and variations due to seasonality and successive wet and dry years. Rozemeijer et  al [3] have demonstrated with a simple groundwater model that the nitrate concentration in the upper meters of groundwater can easily vary with factor two, only due to natural variation in rainfall. The status of the system with respect to the nitrate concentration is not one single value, but it is a three-dimensional variable with a natural dynamic behaviour. Still, this status basically has to be reduced to the simple classification "good" or "poor", green or red. 
Even more difficult is it to detect a trend for a groundwater body. Obviously, the fact that the spatial concentration distribution this year is different from last year does not mean that there is a trend. A trend is a permanent change of the pattern in space and / or time. If the changes fit into the normal dynamic pattern of the concentration, then there is not a trend. The test whether there is a trend, can only be done if we know the normal pattern. The Water Framework Directive requires that measures should be taken when the concentration is too high, so that a trend reversal takes place and eventually lower values of the concentration will be reached. To assess whether the measures are effective, we also like to relate the trend to the measures taken. It will be clear that determining the relationship between actions and trend generally is a complex issue, not only because of the slowness of the groundwater system but also because of all processes that can take place en route. Moreover, it is not possible, like in surface water systems, to visualize the processes in the subsurface. We can not see the subsurface processes. 
In this example, monitoring plays a role in three ways. First the status must be determined by monitoring, then - if necessary - the trend and the trend reversal should be determined and finally we want to evaluate the impact of the measures.
Monitoring and Modelling 
A set of measurements is in general not equal to information. Suppose we have four measurements of the groundwater levels at different times on a specific location. Figure 1. shows those four points. Now is the human brain is hardly able to consider these data objectively as four separate points. Without further explanation, most people interpret the values relative to each other and automatically make a connection between them. In fact, we do not see four points but in our minds we connect the dots, for example by linear interpolation (line 1). In practice, many groundwater measurement series are linearly interpolated in this way, regardless of the measurement interval and independent of the temporal variation. Whether the measurements are collected by an automatic sensor that gives a data point every day, or the observation interval is three months, any drawing program can make a neat continuous graph. Not everyone wonders what the [image: image1]interpolated line means, and whether that line means something at all. The linear interpolation in Figure 1 may suggest that this is an upward trend without much variation between the measurements. But the measurements might as well come from a system that has a certain periodic pattern (line 2), or from a temporal highly variable system (line 3).
Figure 1 Possible pattern in between values from observations of the groundwater level.
In principle there are an infinite number of possibilities to relate individual measurements. How can we distinguish between these possibilities? How can we know if the straight line that we draw between the data points represents something or not? And what does that line represent? These questions can only be answered if we can put the measurements in a context. Are the measurements for example, from the groundwater somewhere in the Veluwe, where the groundwater level is 20 meter below surface, and where process the process is very slow, then such linear interpolation could be a close approximation of the reality. Are the measurements from an area with a shallow groundwater, then it is likely that individual rainfall events between the measurements, directly effects the behaviour of the groundwater level. In that case, a pattern such as shown in line 3 could be more likely.
We can only relate individual measurements meaningful if we have a model of the system where the measurements come from. This can be a simple conceptual model, (is the groundwater dynamics a smooth slow progress as at the Veluwe, or can the groundwater level be quite different from week to week), it can be a statistical model, where assumptions are made on probability distributions and correlation in space and time, but also a complex numerical model can describe the relationship between the observations. Without prior knowledge of the system, it is not possible to create a adequate monitoring. So we must have some knowledge about the system we monitor: KNOW WHAT YOU OBSERVE.
Considering the lines in figure 1 corresponding with a slow and a fast responsive system (line 1 and 3) it can be stated that not only the nature of the groundwater regime is different, but also the degree of uncertainty. For a slow reacting deep groundwater system it is known that changes in a period of several months are quite limited. The groundwater level next week will not be much different from the measurement of today. Therefore it can be assumed with reasonable certainty that the actual levels of the groundwater will not be far from the linearly interpolated line and the uncertainty surrounding the interpolated line will be small. If we do additional measurements in between the points, then this will not provide much additional information. The information already is enclosed in the model with which we describe the coherence in time. The estimation of the course of the groundwater level was quite good already and will not be much better by adding extra points. In the shallow groundwater level, shown in line 3, the development over time is much more erratic. The groundwater measurement of today says little about the measurement of next week and the actual groundwater may as well be very different than in the graph above. So in this case, the uncertainty of the interpolated line is much larger. Here, additional data points in between the existing measurements indeed adds information that can reduce the uncertainty in the course of the groundwater level.
Modelling and monitoring in my view are, inextricably linked together. Without a model measurements can not be interpreted and without measurements a model remains a theoretical exercise which does not necessarily describe the reality. The integrated use of a model and measurements in a monitoring system for instance is used to optimize the primary groundwater monitoring network of the province of Utrecht. The groundwater head at the ’Heuvelrug’ is higher than in the lower western polders (see Figure 2).
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Figure 2. Schematic representation of the land surface (solid line) and the temporal average pattern of regional groundwater head (dotted line) in the province of Utrecht.
The temporal average pattern of the regional water head (dashed line) is described with a numerical groundwater model. To know the current groundwater level, we only need to estimate the deviations from this average pattern. These deviations are not captured in the model indeed. The desired information is obtained by combining the model and the observations. If we in this case would not use the model, the regional pattern should also have to be determined from observations. Intuitively it will be clear that in order to achieve the same reliability, significantly more measurements are needed than using the model. Monitoring is intended to measure what is not already captured in the model: OBSERVE WHAT YOU DO NOT KNOW.
The principle of mutual dependency of measuring and modelling is reflected in recent developments of data-model integration, in which measurement and models are used integrated to provide the desired information. Figure 3 expresses the principle of this. In advance, we have a certain idea of the variable we intend to collect information about: the a priori estimation. The uncertainty in the a priori estimation can be characterized by a probability distribution. Then, observations are made and the a priori estimation is adjusted using these observations: the posterior estimation. Adding information from the [image: image2.emf]time
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measurements will provide a reduction of the uncertainty.
Figure 3. Principle of uncertainty reduction by combining measurements and modelling

There is a relationship between on one hand the measurement effort and on the other hand the uncertainty of the desired information. This is the basic principle of monitoring that we can use to design and optimize monitoring systems. In the schematic graph of Figure 4 the uncertainty with which the desired variable can be determined, is plotted against the measurement effort. The graph shows that the uncertainty decreases as we add information with a larger measurement effort.
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Figure 4. Relationship between the measurement effort and the uncertainty
With such a graph designing a monitoring system seems pretty simple. If we know the desired reliability, it, is clear from the graph what measurement effort we should do. The reality is less simple. 
- First of all, it is a challenge to quantify the relationship between the reliability of the information and the measurement effort for a spatially distributed dynamic process. The number of possibilities that in recent years are included in the term measurement effort has increased dramatically. Where once there were almost exclusively manual observed water heads and lab-analyses of water samples, we now also can use a variety of sensors, both in-situ, and remote from the air or space. Because these sensors usually do observe automatically, also high-frequency observation series (e.g. daily) are within reach.
- A second reason why the design of the monitoring system is not so simple, lies in the fact that it is not that clear what degree of reliability actually is acceptable, desired or necessary. This is not so much a technical problem, but requires a dialogue with soil and water managers about the economic and social value of information of the subsurface system.
Before I go further into this, I would like to illustrate with an example, that an incorrect model can result in not obtaining the desired information, or worse, that wrong conclusions are drawn. As an indication of eutrophication the oxidation capacity is measured at a given depth interval, say 12 to 15 meters below surface level. At each measuring location a time series of the measurements over a period of several years results. At one measuring location, this time series show an increase and in the other a decrease. Now if we consider the average time series, no conclusions can be drawn as to if there is a trend in the area. Implicitly we have assumed an incorrect model. By means of simply taking mean values of the time series we assume that the travel time of water from the surface to all monitoring point is equal and as a result all observed series respond to a change in the manure policy at the same time. Broers [4] has shown in his thesis that a clear pattern in the measurement series can be recognized, if it is accounted for that the time it takes for the water to move the observation screen can differ from place to place.
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Figure 5. Measurements of the oxidation capacity at various locations, plotted against the year of infiltration with a trend line. (Broers [4]).

This is shown in the graph (Figure 5), in which the measurement series are plotted against the years of infiltration. When using a sound conceptual model the measurement series really provide information about trend in the oxidation capacity.
It can be even more extreme if we attempt to relate the monitoring of the oxidative capacity to the manure policy pursued. Suppose that ten years ago a significant reduction of fertilization has been achieved and that we measure the oxidation capacity at a depth of 15 meter below surface. Then it is quite possible that the effect of the fertilizer reduction only will be visible in the measurements after 10 to 20 years. As a result of fertilization in previous years, the concentration at 15 meter depth actually can show an increase after the reduction of fertilization has occurred. By relating the reduction of fertilization and the measured oxidation capacity to each other (e.g. by regression) without taking into account the travel times in the subsurface, this may lead to the conclusion that the oxidation capacity increases due to the reduction in fertilization. This of course is an exaggerated example, but similar situations in practice not always are easy recognised.
Embedding of monitoring in management and policy 
In the field of soil and water management modelling and monitoring often appear to be separate worlds. An example of this is the fact that one of the main findings of the recently implemented EU project Harmoni-CA was that the value of the combined use should be better utilized (Højberg et. al [5]). In many water management bodies there are separate sections on the  one hand to underpin the policy - whether or not model-based - and on the other hand to collect and manage data. The starting point for a monitoring system often is the phenomenon that should be monitored, instead of the function for which monitoring is required. This leads to a groundwater head network, a groundwater quality network, a surface water network, etc. In fact the principle of monitoring should be the purpose, so for instance a monitoring system to support the water management plan. The separation between modelling and monitoring is strongest in general  monitoring systems (reference measurement networks such as the provincial groundwater monitoring networks). But also in specifically tailored monitoring systems the interaction between those engaged in setting up the monitoring and those responsible for water and soil management is weak. In alarm monitoring as flood forecasting or in soil remediation the integration of monitoring and the use of the information usually is fairly well developed. In contrast to this, in the evaluation of policy or implementation of operational groundwater management an optimal integration of monitoring and information use, often, is not common practice.
Almost all major programs in water and soil management have a monitoring section. This is due to the uncertainty of how the system behaves. We do not exactly know the current groundwater regime for the ’Plan Waternood’ , we do not exactly know what are the effects of exploitation of the gas in the Wadden Sea and we can not predict with certainty the land subsidence due to salt exploitation in Friesland. Often in such cases monitoring is the solution (the famous expression in this respect is ‘exploiting with the hand at the tap’), and a monitoring system is designed. However, a monitoring system itself does not solve problems or avoid undesirable situations. It provides information and this information is useful only, if this information actually is used. Therefore already before designing of a monitoring system it should to be made explicit how the measurements will be analyzed to obtain the desired information. Furthermore, it should be clear what role that information plays in the performance of tasks of the soil and water manager. Questions like “What amount of posterior uncertainty is acceptable?" are to be answered solely by the users of the information. The designers of monitoring systems should be well informed of what role measurements have in the task of the information user and vice versa, users should have knowledge of basic principles of the design of monitoring systems. Therefore the communication between both groups in an organization is of utmost importance.
A proper embedding of monitoring in policy management and governance must meet to three conditions: 
- The measurements should provide enough information
- the information must be available within a time period relevant to its use 
- the costs must be acceptable (read minimal)
The basis for assessing whether sufficient information from the measurements can be obtained is the relationship between the monitoring effort and the uncertainty of the information. This relationship should be made transparent and quantified. Much research has been performed on the quantification of uncertainty of information for a given set of measurements. The opposite question: 'how should the monitoring system look like in order to ensure the required information content" gets much less attention in the literature. Partly reason for this is the factor time. Many processes in soil and groundwater cover years in time, so it will take some time before the information can be determined from measurements. Particularly in designing a general reference monitoring system, the difficulty is that we have to anticipate future issues and analysis.
In monitoring for infrastructural projects also an other problem exist. In many cases monitoring of groundwater often is considered too late in, the project to have sufficient information available at the start of construction. To give an example: in the construction of a stretch of highway slightly contaminated material was used as foundation. In itself this does not need to be a problem as long as the contaminated material does not contact the groundwater. The estimated maximum groundwater level originated from a data series of a measurement location somewhere in the area. During the construction of the road it appeared that the groundwater level at the location of the road could be higher than was estimated. As a consequence the work was delayed, and because the contaminated material already had been put in place, an additional drainage system had to prevent pollution of groundwater. If in the design stage of the project a few groundwater monitoring points would have been installed, these problems could have been avoided. Between the beginning of the design and the beginning of the actual construction of the road there is enough time to be able to make proper groundwater characteristics. Monitoring of groundwater probably was not in the scope of those involved in designing the road.
Measuring is investing and you only make investments if you expect return on that investment. Here we have the biggest problem in monitoring of soil and groundwater. The investment in soil and groundwater monitoring should lead to a reduction of economic or social damage in the future or at least should it give control over the risk of social or economic damage. The costs of the measurement system must outweigh the expected reduction of risks and damage. There is little literature in which this weighting is addressed and in practice there are hardly any soil and groundwater monitoring system  based on a true cost-benefit analysis. To properly make this weighting there should be an understanding of the role that information of subsurface system plays in policy or management decisions before setting up the monitoring system.
Challenges for Soil and groundwater monitoring. 

The keyword to the challenges of monitoring for soil and groundwater is integration. Integration of measuring and modelling, integration of monitoring and use, but also integration of technological development. As mentioned, until recently groundwater monitoring was almost exclusively based on manually measuring groundwater head and analyzing the chemical composition of water samples in the lab. In addition geophysical methods such as geo-electric sounding and shallow subsurface seismic have been used on small-scale and occasionally. These methods all entail an amount of manual actions or need interpretation of an expert, so the information only was available with a delay of at least several days and often weeks or even months. This has led to the situation that actual date information of soil and groundwater is hardly used in the operational water and soil management. As a consequence, the information from the monitoring systems is mainly used for the exploration of the state (e.g. in the planning phase of infrastructure projects) and in periodic reviews of policy or the handling of claims. Moreover, it appears often that  the monitoring can not provide exactly the information that is required. 
Recent developments in sensor technology, but also in automatic data transport and data analysis, have opened opportunities for a much better integration of soil and groundwater information in operational management. In recent years automatic pressure sensors have rapidly replaced manual observation of the groundwater heads and there is a huge development going on to determine physical parameters and chemical components with sensors too. Perhaps even more important is that, the developments in data communication allow that information can be available to the operational manager automatically and almost instantaneously. Cautious first applications of on-line monitoring of groundwater are in use in the provinces of Gelderland and North Brabant.
Where the sensors at the surface and in the ground basically provide point information, there remote sensing images from the air or space can give spatial information. Although this is uncertain and indirect information (light, heat or gravity is being observed), it does give a spatial pattern. The indirect information, e.g. on the evaporation, only provides useful information on groundwater if observations are interpreted with a model and supplemented by in-situ observations in the subsurface. In several PhD studies it is examined how the various sensors and remote sensing can contribute to the information about the physical and chemical condition of the subsurface system. It this respect, it is not only a question of integration of observations with a model, but also of various types of observations.
In the near future, real-time monitoring systems will be increasingly integrated into operational water and soil management. Also in order to support and evaluate policies, different types of observations and models will be more and more integrated. The line between information from monitoring and information from modelling will fade away and there only will be information systems. In relation to this, it would be good to reconsider the provincial primary groundwater head monitoring networks again. In the eighties of the last century, most of these monitoring networks have been designed with a simple statistical model, in a time when virtually all groundwater head observations have been performed manually. Nowadays we have hydro-geological information of the underground digitized in REGIS (Regional Geohydrological Information System) and for large parts of the Netherlands a small scale numerical groundwater model exist (the National Hydrological Instrumentation NHI). It seems logical to integrate the primary groundwater monitoring networks with both. This means that measurement sites, measurement frequency and the type of measurements should be chosen in conjunction with the model and in a way that optimal information is obtained. The monitoring system thus is dependent on the model. The consequence is that current information, such as a regional view of the average highest groundwater (GHG), can only be obtained in combination with the model and not, as usual, stand alone from the monitoring network. The model has to be simple enough for stakeholders to handle it. Here is a common challenge for the developers of models, monitoring people and experts in the field of Data-Model Integration. Also other measurement networks to support and evaluate policies, such as the European Water Framework Directive, would benefit from further integration of monitoring and modelling.
The integrated use of a model and a monitoring system opens the possibility of combining different types of observations (like hydraulic head, discharge, temperature, age, both in situ and via remote sensing) to obtain the required subsurface information. Each measurement type has its own characteristics and its own price. The multitude of possibilities requires the making of choices including weighing various types of observation. The balancing mechanisms for this will be developed in a PhD-project starting soon. In parallel, the possibility of the feed back of  measurements of the dynamic system tp the subsurface models are to be developed, describing the contribution to uncertainty reduction for each type of observation, in an objective and quantifying way. The balancing mechanism must be the foundation on which can be decided what is the most profitable: investment in geological research, investment in improving models, investment in monitoring, or in a combination of these possibilities.
A proper balancing does not relate the investment and the reliability of the information, but relates the investment to the social or economic impact of that information. This means that the relationship between the reliability of the information and the investment should be extended to quantify the impact of the information. Information is only useful if it can result in actions. If no action is taken, monitoring only costs money and a cost-benefit analysis will make us conclude that we do well to stop monitoring.
Often only a limited range of values of a variable is of interest for a stakeholder. For example: there are thresholds for soil remediation. If the concentration such a threshold exceeds, action must be taken. If the concentration is far below the threshold, there will be no doubt: no action is required. The uncertainty with which this concentration can be determined may be very large, as long as the probability that the concentration reaches the threshold can be very small. Something similar occurs when the concentration exceeds the threshold by far. Even though there is a large uncertainty, there  will be an intervention anyway. Both for very low and for very high levels of concentration a high reliability is not required, and in these cases an additional investment in monitoring will not lead to a different decision. However, if the concentration is around the threshold, then a very reliable determination of the concentration can make the difference between a cheap or expensive variant of soil remediation. In this case, an assessment can be made to which extent it is rewarding to invest in more reliable information.
In several disciplines measuring systems are directly linked to actions by stakeholders. In these cases optimization methods have been developed.. Monitoring systems for soil and groundwater are still rarely designed from a cost-benefit perspective. One of the reasons is that many bodies consider monitoring design as an independent action. This brings us back to the need to integrate management, policy, monitoring and modelling within organizations.
If we succeed to realize the integration of: 
1. modelling and monitoring, 
2. policy / management and monitoring, 
3. social or economic impacts and monitoring and 
4. the various observation possibilities of the subsoil system, 
we run less risk of unnecessary costs for redundant measurements while still not having  the required information when we need.This is how the investigation of soil and groundwater monitoring in the coming years will develop.
Methods of Soil and groundwater monitoring

Sir Rector, the chair which I may fill in is called "Methods of Soil and Groundwater Monitoring”. Under this title, a wide range of activities can be understood, from the development of specifically tailored sensors to building web sites in order to provide users of the information on the subsurface. Let me first indicate what in any case will not be the focus of my activities at the Department of Physical Geography. This is primarily the development of methods for the actual observation. In other places and with much energy people work on the development of all kind of sensors. The same goes for the development and improvement of laboratory analysis, as this happens in the evolving integrated environment laboratory, in which besides Utrecht University, also RIVM, TNO and Deltares participate. In the above, I underlined the integration of models and monitoring. To achieve this, adequate models should obviously be available. The modelling of the subsurface, soil contamination and groundwater flow and -transport is in development, in the Netherlands and abroad. Without claiming to be complete, it can be stated that important developments, besides the work at university groups involved in earth sciences, are carried out in institutions like Deltares, Alterra, KWR, TNO and others.
What then is the focus of the chair? This is best described as "strategy from data to information". The translation of the demand for information to what, where and when should be observed and how this data can be transformed into information and this within an acceptable period of time and at acceptable costs.
To achieve this, a close cooperation regarding a number of issues will be necessary, with the developers of sensors and models, and with the users of the information. Moreover, presenting the information in an acceptable form requires collaboration with specialists in the field of ICT. It will be clear that research into methods of soil and groundwater monitoring has a strong link with practice. Scientific research in the field of monitoring strategies will always partly be motivated by the potential for practical applications in the future. Because, for most of the time, I will remain employed at TNO and because I’m closely involved in applied research in Deltares, I am in a position to bridge between the scientific work at the university and applied research at the institutes. I am convinced that, together with Marc Bierkens who has already for some time a similar dual role at Deltares, this bridge can be enlarged to mutual benefit The cooperation with TNO and other institutes provides opportunities for students to be introduced to current developments for practical applications and conversely, the cooperation gives inspiration and motivation for the scientific research.
I am very lucky that I, after more than thirty years of activity in the field of monitoring and modelling, now have the opportunity to contribute to the basis of the integration of monitoring in water and soil management. Indeed, the water and environmental managers of the future are in part trained in the faculty of Geosciences. In university courses the subject of monitoring soil and groundwater is encrypted in other subjects so far. By creating the chair Methods of soil and groundwater monitoring, the importance of the issue is emphasized. It gives me the opportunity to add the basic principles of monitoring strategies, also to those who will not make monitoring to their profession. In the present time when there are tremendous opportunities with numerical models and GIS systems, and in which advanced ICT technology can create fabulous graphics, is of utmost importance to give an insight during the study into where all this is ultimately based on: the observation of the earth. I hope by showing what is possible and certainly also what is not possible with monitoring strategies, to contribute to this understanding and to give an impulse to scientific development in this field.
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