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Abstract

The article presents a new Express Cross-Impact Technique (EXIT) which is especially suitable for use in participatory expert workshops. The new cross-impact method calculates the interactions of variables through multi-nodal impact chains. The method can be used for evaluation of the relative importance of each variable or item on each other in the cross-impact system, and makes it possible to compare the original cross-impact matrix, where the direct impacts are presented, with the modified cross-impact matrix, where the interactions of the variables are taken into account. An example of electricity system with increased amount of intermittent wind and solar power supply is presented.
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1. Introduction
Cross-Impact methods are often used for scenario construction. There exists several different types of Cross-Impact Analysis and they have been used for analysing the complex interactions of several processes. Central idea in the Cross-Impact analyses is that they are based on expert judgements about these systemic interactions. These interactions are analysed to form a basis for future scenario construction.

Cross-Impact methods can be used in cases where computational models cannot be used due to the variety of utilized theoretical or methodological approaches or due to the unavailability of required numerical data. The Cross-Impact methods also provide possibilities to analyse systems which have too complex interactions to be meaningfully analysed by qualitative reasoning [1], [2], [3], [4], [5], [6].
Several Cross-impact methods are based on expert judgements of the a priori probabilities of events and their impacts. One of the methods the Basics-method uses trend extrapolations for defining descriptors of a model. When calculating scenarios, deterministic rules are used instead of random numbers as in Monte Carlo simulation. The BasicsPC is a commercial micro computer program produced by Battelle Columbus (USA) [7] and improved versions of it have been also developed [8].

In this article we present a new Express Cross-Impact Technique which is suitable for the use in expert workshops for collecting data input and presenting the results. The new EXIT tool will help organisations and agencies in the so called boundary work between policy, strategy and knowledge about the future [9]. 
2. Methodology
The cross-impact method described here is a technique for processing expert input about the impacts that different events, phenomena and forces have on each other and how they affect each other over a complex system or network of effects. An event, phenomenon, driver or force considered in a particular cross-impact analysis setting can be called in a more generic fashion a cross-impact item. The method is useful for comparing the cross-impact items in terms of the magnitude of their total (direct and indirect) effect on any particular cross-impact item included in the cross-impact analysis setting. As direct impacts between items is an input to the analysis, the added value of the calculation is considering the indirect impacts of items on each other through the multi-nodal impact chains.

The inputs for the cross-impact analysis are the cross-impact items representing events, phenomena, drivers and forces, and the cross-impact matrix describing the direct impacts the items have on each other. The items have descriptions that should be evaluable by the experts contributing to the cross-impact analysis in terms of their probability. In practice the description of a cross-impact item should take the form of a statement, with a yet unknown truth value, such as "The energy consumption will grow". The direct impacts are presented in the cross-impact matrix (see Fig. 1).
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Figure 1. An example of cross-impact matrix
The cross-impact matrix rows contain the impact of the row items on every other item in the cross-impact system. For example, the impact of item A on item B is found in the second column of the first row in the matrix (in this example it is 3); the impact of item C on item D is found in the fourth column of the third row in the matrix (in this example -1). The impacts on a particular item can be read column-wise from the matrix: the impacts on item A can be read from the first column. In this example, the impact values range from -4 to 4. The impacts are interpreted so that an impact of 4 means a strong positive effect on the probability of the impacted cross-impact item, 1 means a slight positive effect, -1 a slight negative effect and -4 a strong negative effect. A panel of domain experts or individual experts should provide the impact values for the cross-impact matrix. The matrix should be constructed so that only direct impacts between items are considered when the experts give the values for the impacts. The indirect impacts are calculated later on the basis of direct impacts supplied by the experts.

The calculation of indirect impacts could be done in a number of ways. In this application, to find out the total impact of a cross-impact item X on Y we generate all the possible item chains of intermediary items (not including X or Y) and sum the impacts of these chains to get the total impact of X on Y. All of the summed impact chains start with X and have 0 or more intermediary items and end with Y. The sum of the impacts represents the total impact of X on Y, taking into account the direct impact and the indirect impacts. Examples of these impacts chains in the case of Fig. 1 from A to D are: A→D (the direct impact), A→B→D, A→C→D, A→B→C→D and A→C→B→D.

The impact of each impact chain contributing to effect of X on Y is calculated by dividing the impact of each item in the chain by the assumed maximum impact an item can have on another item (in a system where the maximum used absolute impact value is 4, this value can be e.g. 5) and multiplying these values to get the contribution of the impact chain to the total effect of X on Y.
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The number of possible impact chains in a case of n possible intermediary items is presented in Equation 1. If there are 4 possible intermediary items (which is the case in a cross-impact system of 6 items in total) there are 65 possible impact chains for each item pair, including the empty impact chain that represents the direct impact of an item on another. In a system of 10 items and 8 possible intermediary items between any two items, there are 109601 possible chains, and for a system of 11 items there are 986410 chains to be considered for all item pairs. If we assume that the distribution of impacts of different sizes is such that the average absolute impact value is 1.65, an impact chain of 5 intermediary items would have an average contribution of 0.0039 on the total effect, which is already an insignificant contribution. The maximum effect an impact chain of 5 intermediary items could have in a cross-impact setting where 4 is the maximum used absolute impact value would be (4/5)5 ≈ 0.328. While this is a significant contribution, such chains of very strong direct impacts are unlikely to emerge in a real cross-impact matrix. As the number of possible impact chains grows fast as additional intermediary variables are introduced, we have chosen to consider only impact chains with 5 intermediary variables or less.

Compared to similar cross-impact methods which aim to analyse an expert-provided matrix of cross-impacts and facilitate understanding of the importance of different drivers on the system examined with cross-impact analysis, this method is an improvement as it is able to consider the direction of the impacts between items (instead of just the magnitude of the impact) and it explicitly considers the impact chains, which simpler methods involving summing the item impacts on a row-by-row basis are unable to do.

An alternative strategy for calculating the indirect impact, which would make it feasible to consider longer impact chains, would be to use a threshold value of impact contribution for each impact chain generated, and generate and calculate impact chains that are one item longer than the considered impact chain only if the contribution to the total impact exceeds the threshold. This way all significant impact chains could be taken into account. In practice the results would likely be very close to the result obtained with the calculation technique presented in this paper.

3. Complex energy system as a case
The presented cross-impact method has been used to analyse a case of an electricity supply and demand system balance in the case of increased amount of intermittent supply of wind and solar power. The cross-impact items that were selected based on expert assessment are listed in Table 1.

Table 1. Example of cross-impact items selected for the analysis and their direct impacts (cross-impact matrix).

	
	
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J

	Electricity price will increase
	A
	
	0
	2
	1
	3
	-3
	0
	0
	-1
	0

	Wind and solar power production will increase considerably
	B
	-3
	
	4
	1
	-2
	-1
	1
	1
	0
	4

	Electricity storage will increase considerably
	C
	-1
	2
	
	-1
	-1
	-1
	0
	-1
	2
	2

	Control of electricity consumption will increase
	D
	1
	0
	3
	
	-1
	-1
	0
	-1
	-3
	0

	New nuclear power plants will be constructed
	E
	1
	-2
	0
	-2
	
	2
	0
	0
	0
	-1

	Electricity consumption will increase
	F
	2
	1
	1
	1
	2
	
	0
	2
	3
	1

	GDP will grow considerably
	G
	1
	2
	0
	0
	1
	2
	
	1
	0
	0

	Electricity transmission capacity from neighbouring countries will increase
	H
	-2
	1
	-1
	-1
	1
	0
	0
	
	0
	0

	Fluctuations in electricity consumption will increase
	I
	1
	0
	2
	4
	0
	0
	0
	1
	
	1

	Fluctuations in electricity production will increase
	J
	1
	0
	4
	3
	0
	0
	0
	1
	0
	


The developed advanced Cross-Impact Analysis method (EXIT) calculates the impact chains of variables affecting each other and provides results given in Table 2.
Table 2. The calculated impacts of different cross-impact items on each other.

	
	
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J

	Electricity price will increase
	A
	0.00
	-0.14
	-0.59
	-0.40
	0.18
	-0.42
	-0.04
	-0.34
	-0.18
	-0.28

	Wind and solar power production will increase considerably
	B
	-0.85
	0.00
	1.52
	1.09
	-1.04
	-0.42
	0.20
	0.10
	0.29
	1.25

	Electricity storage will increase considerably
	C
	-0.30
	0.52
	0.00
	0.75
	-0.63
	-0.38
	0.08
	-0.02
	0.27
	0.88

	Control of electricity consumption will increase
	D
	-0.13
	0.10
	0.22
	0.00
	-0.66
	-0.45
	0.05
	-0.51
	-0.65
	0.22

	New nuclear power plants will be constructed
	E
	0.58
	-0.38
	-0.46
	-0.33
	0.00
	0.50
	-0.06
	0.30
	0.23
	-0.44

	Electricity consumption will increase
	F
	0.30
	0.36
	1.23
	0.55
	0.18
	0.00
	0.04
	0.27
	0.74
	0.66

	GDP will grow considerably
	G
	0.02
	0.38
	0.77
	0.22
	0.06
	0.38
	0.00
	0.38
	0.28
	0.55

	Electricity transmission capacity from neighbouring countries will increase
	H
	-0.32
	0.07
	-0.26
	-0.12
	0.06
	0.40
	0.01
	0.00
	0.35
	0.01

	Fluctuations in electricity consumption will increase
	I
	-0.02
	0.39
	1.20
	0.85
	-0.46
	-0.60
	0.04
	-0.24
	0.00
	0.67

	Fluctuations in electricity production will increase
	J
	-0.30
	0.43
	1.06
	0.66
	-0.60
	-0.50
	0.07
	-0.26
	-0.04
	0.00


We can calculate the normal driver/driven variables from the cross-impact matrix (Table 1) based on direct impacts as well as based on the impacted matrix (Table 2). The driver value of a variable is calculated as a sum of the absolute values of its row values (how much it affects other variables). In a similar way the driven value of a variable is calculated as a sum of the absolute values of its column values. The driver/driven distribution of the different cross-impact items are shown in Fig. 2 both for the original cross-impact matrix (blue dots) and the matrix where the interaction of the items is taken into account (red dots). The drift of the items due to the interactions is shown with the arrows. 
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Figure 2. The Driver and Driven items calculated from the original cross-impact matrix (A, B, C, etc.) shown with blue dots and from the matrix where the interactions are taken into account (A1, B1, C1, etc.) with red dots.

From Fig. 2 we can see that the construction of wind and solar power in an important driver for the potential imbalance of electricity supply and demand.

4. Conclusion

The new cross-impact method provides an interesting and valuable tool for assessing the future development of the energy system including several items which are not easily modelled with traditional quantitative methods and which have lots of interconnections which are difficult to take into account intuitively with argumentative logic. Today we are observing a lot of transformations in the energy system with the introduction of renewable energy. The impacts of these changes are difficult to estimate in the complex energy system. The new developed planning tool – EXIT – provides a means to analyse the complex interactions in participatory expert workshops enabling a smart and agile approach to energy planning. We expect that the new tool will be useful for energy corporations and public agencies for planning purposes in the middle of energy transformation. The advantage of EXIT tool is that it reveals driving forces behind key variables in the transformation process.
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