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Abstract

Using a novel georeferenced datataset on the affiliates and headquarters of multinational en-
terprises between 2007 and 2018 together with georeferenced conflict data for the African
continent, this work establishes a causal link between the activities of multinational enter-
prises and violent conflicts: multinationals’ activity increases the number of conflicts. This
applies particularly to sectors intense in scarce resources, especially land. As farming is the
primary source of food and income for Africans, land-intensive activity on the part of the
multinationals increases local grievance, escalating to violent actions. These effects are mag-
nified in areas targeted for large-scale land acquisitions.
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1 Introduction

This paper examines the impact of multinational enterprises (MNEs) on civil conflict. In the
1980s, with the new wave of globalization, MNEs began to invest massively in developing coun-
tries, with their high returns to capital, and this process has never stopped. Since the financial cri-
sis of 2008 the number of multinational subsidiaries in Africa has increased by more than 250%.
These multinationals are relatively larger and more profitable firms, engaged in the international
trade network. In fact, they account for more than two-thirds of total world trade flows. Their
subsidiaries are perceived by the local population as foreign bodies, and their impact on conflict
may well differ from that of local businesses.1 Instability is known to be a key determinant of
underdevelopment, but the potential role of multinationals in triggering conflicts has received
surprisingly little attention.

I tackle this question by merging geolocalized information on conflict events with novel data
on MNE affiliates, and their headquarters, for all African countries since 2007. MNE activity is
found to have significant and heterogeneous effects on the probability of conflict. On average,
one additional affiliate increases the number of violent conflicts by 4% in areas with some MNE
activity and by 34% with respect to the sample mean. This result is driven, in particular, by af-
filiates active in land-intensive industries. These activities detract form the primary local sources
of food and income, increasing violent events, particularly in areas targeted for large-scale land
acquisition.

The empirical analysis involves an original ad hoc dataset combining two Bureau van Dijk
datasets, Historical Ownership Dataset and Orbis – on the worldwide location and activities of
both MNE affiliates and their headquarters – with the Armed Conflict Location Events Data, on
the location and type of conflict events and the actors involved. The units of analysis are cells of
0.5�0.5 degree latitude and longitude (approx. 55km� 55km at the equator) covering the entire
African continent. The use of georeferenced information, together with a novel instrumental
variables strategy, country�year fixed effects, and cell fixed effects, permits causal identification.

This work proposes a novel algorithm that combines historical information on the ownership
of all firms connected through an ownership link, for the entire world. It maps the hierarchical
structure of business groups by ascending the ownership structure, constructing the network
of business groups for more than 200 countries, from 2007 to 2018, and then geolocates them
using zipcodes. Relying on the internal capital market literature and exploiting the headquarter-
affiliate credit link, this rich dataset allows a novel way to instrument MNE activity at the local

1See, for example, the report by UNCTAD (2011) on the relevance of MNEs worldwide, and the exhaustive
analysis on the perception of MNEs and their impact on human rights in developing countries by Ruggie (2013).
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level. I use historical financial data at headquarters level and credit availability. More specifically,
I interact pre-period headquarters dependence on external credit with the availability of credit
to the multinationals, thus obtaining an exogenous variation in MNE activities over time. The
intuition is straightforward: some affiliates, in any given cell-year, are part of a relatively healthy
and robust multinational, not dependent on external credit, while others have weaker parent
corporations. The former are expected to be significantly less affected during periods of credit
shrinking and, therefore, to reduce their activities substantially less sharply.2

In order to spotlight one important mechanism that underlies the main result, I first provide
suggestive evidence for the increase in number of conflicts to be driven by land-intensive sectors.
These activities rely on intensive use of land, a precious resource insofar as farming is the primary
source of food and income for Africans and accounts for up to 60 percent of all jobs on the con-
tinent.3 Second, the increase in violent events is shown to be amplified in locations of large-scale
land acquisition. Data from LandMatrix, geolocating land deals larger than 200 hectares, are
used to show that the deals are not harmful everywhere, but only where multinationals are ac-
tive. Third, I show that the type of conflict triggered by multinationals is mainly that outlined
by case-studies on land-grabbing, namely localized violent events, likened to insurrections to pro-
tect a key resource for survival: land. Fourth, individual-level data from Afrobarometer are used
to show that MNEs activity significantly increases locals’ complains about land management, and
that this result is completely driven by land-intensive multinationals’ activity.

The cases of Mozambique and Liberia help illustrate the magnitude of the phenomenon un-
der investigation here. Mozambique gained its independence from Portugal in 1975, after cen-
turies of resistance, establishing the ideal of “la liberté de l’homme et de la terre” (freedom of man
and land). However, in April 2011, an ambitious and highly controversial trilateral cooperation
program was signed, the ProSavana project, to promote “sustainable and inclusive agricultural
development” together with Japan and Brazil. The project involved well-known multinational
agribusiness and logging enterprises, including the Portuguese Espirito Santo Group. The pro-
gram targets 19 districts in three provinces, covering a total of 10.7M hectares, of which 930K
are cultivated annually by 692K rural families.4 Case studies have found that this project, like

2This identification strategy is robust to a large battery of robustness checks, such as (i) controlling for time-
varying cell-specific demand and price shocks induced by worldwide credit reduction, and to the heterogeneous
impact this channel has on cells for which trade costs are higher, (ii) controlling for cell-specific population and de-
velopment dynamics, (iii) limiting the analysis to areas where we observe some MNE activity and their surrounding
cells, in the spirit of a matching estimation as in Acemoglu et al. (2012), and (iv) the frontier tests concerning poten-
tial endogenous shares and non-random exposure to exogenous shock in shift-share research designs as in Borusyak
et al. (2022) and Borusyak and Hull (2020).

3See, for example, the reports by Sy (2016) and Coulibaly (2020).
4The population of the target area was estimated at 4.3M in 2011, most in rural areas and depending on agri-
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many others, violated local people's rights (e.g. expropriation of villages, threats to food security,

intensive use of water depriving people in the surrounding areas) with little if any compensation,

and often produced con�ict situations.5 There is a growing literature on the behaviour of pri-

vate logging �rms as a cause of violence. See the exhaustive analysis of the Liberian case in the

reportHolding the Lineby Global Witness (2017), which documents in detail all the links be-

tween local government, multinationals and large logging contracts, with the emblematic case of

the multinational Samling Global. Sonno and Zufacchi (2020) use the Ebola outbreak as an ex-

ogenous variation to multinationals' land acquisition to show that the jump in the trading value

of Liberian palm oil (+1428% with respect to the pre-Ebola period) is due to the activity of palm

oil multinationals, such as Golden Veroleum Liberia, which increased their land deals by almost

50% during the peak of the epidemic (Global Witness, 2015).

This paper is related to di�erent strands of literature. An in�uential body of work in recent

decades has debated the complex link between trade and con�ict. Examining both international

and domestic con�icts, a �rst set of papers usecountry-levelaggregate trade data (imports plus ex-

ports) as the measure of trade.6 However, global value chains now represent the main mechanism

of international trade, in which multinationals are the main players. Despite this predominant

role, much less attention has been paid to the relation between multinational enterprises and con-

�ict. Importantly, country-level foreign direct investment (FDI) sales was mainly used in these

works as a proxy for MNE activities, owing to the lack of data on the actual location of MNE af-

�liates.7 The main constraint of any analysis studying the trade-o� between exports and opening

an in-country a�liate has been the �dearth of internationally comparable measures of the extent

culture for subsistence. More speci�cally, the average rural household in the region has 5 members, so almost 3.5M
people in the area (more than 80% of the total) live in the countryside and are engaged in agriculture. Note that small-
holder farming is practiced by 99% of all rural households in the region, the typical farm averaging 1.34 hectares in
size (MASA, 2015).

5Arslan et al. (2011); Von Braun and Meinzen-Dick (2011); Meinzen-Dick and Markelova (2009); Oakland
Institute (2013); Thaler (2013).

6Two opposing views of international con�ict have characterized the debate: the �liberal� view, in which eco-
nomic ties are seen as opportunity costs of con�ict (Oneal and Russet, 1997, 1999, 2001), and the �realist� view,
according to which trade dependence implies future insecurity, increasing the incentive to avoid dependence by
force (Barbieri, 1996, 2002). Martin et al. (2008b) analyse the impact of international trade on con�ict probability
at country level, and then at the intra-state level, Martin et al. (2008a).

7Polachek et al. (2012) develop and empirically test a two-country, one-period model, with homogeneous multi-
nationals, showing that FDI can improve international relations. This result is con�rmed empirically by Bussmann
(2010). Morelli and Sonno (2017) show how country-level asymmetries in foreign value added can be relevant in
con�ict analysis. A di�erent strand of literature focuses on the e�ects of international aid in developing countries.
Although this �eld is quite distant from the topic of multinationals' activity and con�ict, recent geocoded data on
Chinese aid and non-concessional o�cial �nancing allowed study of the impact of country-speci�c aid-�ows on
protests, �nding mixed evidence (Iacoella et al., 2021; Gehring et al., 2019).
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of FDI across both industries and countries� (Helpman et al., 2004, pp. 306). The dataset pro-

duced for this work contributes to the literature by �lling this gap. Systematizing ownership links

from theHistorical Ownership Database, (i) I elaborate a novel algorithm that provides the net-

work of business groups for more than 6.3 million business groups, with 12.8 million a�liates

in more than 200 countries, from 2007 to 2018, and then (ii) I geolocate them using zipcodes.

To my knowledge, this is the �rst global, �rm-level dataset documenting multinationals' hierar-

chies and activities in a panel setting.8 Moreover, capitalizing on this dataset, this work proposes

a novel way to instrument multinationals' activity through a direct credit link between a�liates

and headquarters.

A separate body of literature uses disaggregated data to study the determinants of con�ict

in African countries (Guidolin and La Ferrara, 2007; Brückner and Ciccone, 2011; Nunn and

Wantchekon, 2011; Besley et al., 2011; Dube and Vargas, 2013; König et al., 2017; Berman et al.,

2017; Harari and Ferrara, 2018; Manacorda and Tesei, 2020; Berman et al., 2021). Two works

study the role of �rms, one on protest and one on con�ict, both focusing exclusively on mining.

Christensen (2018) �nds that the probability of protest is twice as great in the case of foreign

mining investment. Berman et al. (2017) analyse the impact of mining on con�ict using exoge-

nous variations in world prices to document a sizeable and signi�cant positive impact of mining

on con�ict at the local level.9 I contribute to this literature in three ways. First, being the �rst

examining the impact of multinational enterprises on con�ict. These are signi�cantly di�erent

entities with respect to from local �rms (larger, more productive, linked to the international trade

network) and, in particular, are perceived as strangers by the local communities. Therefore, their

impact on con�ict in developing countries might di�er from local �rms. Second, the analysis

covers granular and geolocated multinationals' activity inall industries. This is a key improve-

ment in the literature, which has been focusing exclusively on mining, considering MNE activity

in di�erent industries might have heterogeneous e�ects on con�ict, depending on speci�c char-

acteristics such as their land-intensive nature. Third, this study covers an entire continent over

more than a decade. This cross-country panel framework ensures the external validity of the re-

sults, overcoming country-speci�c and/or period-speci�c settings.10

8For the scope of this paper, I focus on African a�liates of multinational enterprises, but the MNE dataset is
suitable for a number of di�erent projects involving the e�ect and/or the evolution of business groups' structure
worldwide. See the subsequent works using the data produced with this algorithm, e.g. Altomonte et al. (2021a);
Altomonte et al. (2021b); Mendola et al. (2021); Noack et al. (2022).

9Some recent works contribute to the literature on the e�ects and spillovers of FDI in developing countries.
These works are not directly related to con�icts, but can help to frame the analysis. In particular, Dhingra et al.
(2021) study the role of agribusinesses in Kenya in shaping the gains from trade. Méndez-Chacón and Van Patten
(ming) provide micro-level evidence of the bene�ts of large-scale FDI in Costa Rica.

10This work contributes also to the very lively policy debate about the phenomenon known in the literature,
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The paper is organized as follows. Section 2 describes the data. Section 3 presents the empir-

ical analysis. In section 4 one potential mechanism is examined. Section 5 concludes.

2 Data

The dataset is structured as a full grid of Africa divided into sub-national units of 0.5� 0.5 degrees

latitude and longitude. This level of aggregation is used instead of administrative boundaries in

order to ensure that the unit of observation itself is not endogenous to con�ict events.11

Multinational enterprise data. For this work, the ownership data are obtained from the

Historical Ownership Databaseof Bureau Van Djik, which provides, for each company, infor-

mation on all shareholders. Starting from these data, I elaborate an algorithm that retrieves the

network of ownership for each business group, relying on the de�nition of direct or indirect

majority (> 50:01%) of the voting rights provided by Bureau Van Djik. This de�nition of con-

trol follows the international standards for multinational corporations (OECD, 2005; Eurostat,

2007; UNCTAD, 2009b). I elaborate a novel algorithm, based on the ownership links, that pro-

vides the hierarchical structure of business groups, by ascending the ownership structure. With

this approach, this paper constructs the network of business groups for more than 6.3 million

business groups, with 12.8 million a�liates in more than 200 countries, from 2007 to 2018, and

then geolocate them using zipcodes. To my knowledge, this is the �rst global, �rm-level dataset

documenting multinationals' hierarchies and activities in a panel setting. I validate the panel

dataset obtained for this paper with the rare datasets available in the literature for speci�c years

or sub-groups of countries. See Appendix A for a detailed description of the MNE data and its

validation, both in terms of coverage and precise a�liates' location.12 I focus on the subset of af-

and by activists, as �land grabbing�. This is far more widespread in Africa than in any other continent (Nolte et al.,
2016), and several reasons link it to con�ict, chief among them food security (GRAIN, 2012) and intense use of
water (Rulli et al., 2013; Woodhouse and Ganho, 2011; Woodhouse, 2012). Although there have been case-by-case
analyses of these deals and the con�icts they have brought about (Hall, 2011), no systematic study of the impact of
large-scale land acquisition on con�icts, in particular in areas where large multinationals are active, has yet been done.
This paper contributes to this literature by starting to �ll this gap with novel panel and cross-country evidence.

11See, among others, Harari and Ferrara (2018), Berman et al. (2017), Michalopoulos and Papaioannou (2016),
or Besley and Reynal-Querol (2014) for recent papers using similar grid-cell level data and combined with the same
con�ict data. As in Manacorda and Tesei (2020), I drop small island nations of Comoros, Mauritious, Sao Tome,
and Principe, Seychelles, as these are likely outliers. In order to keep the dataset balanced, I also do not account for
the creation of South Sudan in 2011, treating Sudan as a single country through the entire sample period.

12The validity of this data is extensively tested in Appendix A where, among other exercises, (i) the data are
compared with o�cial statistics such as the Outwards FATS from OECD Countries, showing that both the repre-
sentativeness and the coverage are particularly high, and (ii) the locations obtained from theBureau van Dijkdata
are compared with locations directly obtained from Google Maps for each MNE, with a correlation of the locations
higher than 99% (both in terms of latitude and longitude).
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�liates located in Africa and their relative headquarters around the world. The �nal sample covers

the full continent and the MNE a�liates operating within it, with information on location and

sector of activity. Knowing the geolocation of each a�liate, I aggregate them at the cell-year level.

Con�ict data. I use theArmed Con�ict Location and Event Dataset(Raleigh et al., 2014),

whose main characteristic is information on geo-located con�icts with and without fatalities for

all African countries. In other words, it records all political violence, whether part of a civil con-

�ict or not, and with no threshold of battle-related deaths. These data have been widely used in

recent con�ict literature (among others, Harari and Ferrara, 2018; Manacorda and Tesei, 2020;

Berman et al., 2021). The sample period is 2007-2018, which overlaps with the available data

on multinationals. The data comprise the latitude, longitude and the date of con�ict events, the

actors involved, and their intensity, e.g. the number of fatalities. As standard in the literature, the

only events considered are those that are geolocalized with the �ner precision level. I also follow

the literature in dropping duplicated events, that is, events for which all of the ACLED variable's

content (precise date, location, actors, description, etc.) is the same for several observations. In

these cases we retain only one observation for the event. ACLED uses several sources, including

press accounts from regional and local news, humanitarian agencies and research publications. I

aggregate the data by year. A variable is constructed which counts the number ofviolentevents

(battles, explosion/remote violence, violence against civilians, riots) in the cell during the year.

This is my main dependent variable throughout the paper. In the robustness section, I show that

results are completely robust if I include all ACLED events. I focus on violent actions to avoid

minor events such as protests, de�ned as non-violent and potentially linked to strikes, which

would mechanically increase due to multinationals' activity. In the same section I also show that

results are con�rmed if we use di�erent con�ict data, i.e. GDELT (Leetaru and Schrodt, 2013).13

ACLED is not immune to potential bias and measurement errors. For example, we cannot rule

out the possibility that the reporting of con�icts is biased towards certain countries, regions or

type of events; in particular, some areas might have better media coverage. However, the em-

pirical methodology makes it unlikely that the results are a�ected, since structural di�erences in

media coverage or more generally in the reporting of events are captured by cell and country-year

(or, alternatively, region-year) �xed e�ects.

Land deals data.I use data fromLandMatrix.14This initiative provides information about

13This is an open-source database that collects information on the occurrence and location of political events
through an automated coding of news wires worldwide. Events come from both digitalized newspapers and news
agencies and web-based news aggregators (e.g. Google News, which collects more than 4 thousands media outlets).

14International Land Coalition (ILC), Centre de Coopération Internationale en Recherche Agronomique pour
le Developpement (CIRAD), Centre for Development and Environment (CDE), German Institute of Global and
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large-scale land acquisitions in di�erent years.15 In order to be recorded byLandMatrix, a deal

must satisfy several requirements. Of particular interest to the scope of this work is the fact that

land deals must (i) cover a signi�cant area of land (200 hectares or more), and (ii) imply the poten-

tial conversion of land from smallholder production, local community use, or important ecosys-

tem service provision to commercial use. This information is collected through several strategies.

First, decentralized teams of experts, NGOs, coordinators, and research assistants provide infor-

mation toLand Matrix about deals. Second, through contacts with public, private, and civil

society stakeholders. Then �nally, using publicly available reports, research papers, o�cial gov-

ernment records, company websites, and policy reports. Using latitude and longitude, I geolocate

the information contained in the dataset. Then, assuming that all deals are circular, using their

size I transform data points into circular polygons. This is clearly an approximation, but consid-

ering that precise shape�les about the land deals are not available for the whole continent, it is

the most conservative approach. Finally, using an intersection algorithm, I compute the number

of deals for each cell and the proportion of the area of the cell subject to a land deal. As a result,

I have a panel dataset with information about the number of deals and the percentage of area

occupied from the deals for each cell-year.

Individual level data.Rounds from 4 to 7 ofAfrobarometerare used for the individual level

analysis. It is a public attitude survey on governance and economic conditions in Africa (Afro-

barometer, 2017). In addition to a large array of socioeconomic variables, it provides individual-

level information on the main problems the government should solve, according to respondents

(e.g. land management). The version of Afrobarometer data made available for this work also

contains information on individuals' locality of residence, which allow to match respondents

with cells.16

Other data.For population data I use data fromLandScan.17 This dataset has information

about the population living in 30-arc second cells (that is approximately 1km� 1km near the

equator). The number of individuals is provided per cell. In particular,LandScanaims to �de-

Area Studies (GIGA) and Deutsche Gesellschaft fur Internationale Zusammenarbeit (GIZ). Web, May 2021.
15LandMatrix de�nes land deals in the following way: �any intended, concluded, or failed attempt to acquire

land through purchase, lease, or concession (...) in low- and middle-income countries�. For our analysis, we only
consider concluded land deals.

16These data, also merged with PRIO-GRID cells, have been widely used for research in economics and political
science (see, for example, Manacorda and Tesei, 2020; Michalopoulos and Papaioannou, 2014; Rohner et al., 2013;
Nunn and Wantchekon, 2011).

17This product was made utilizing the LandScan (2006-2018)TM High Resolution global Population Data Set
copyrighted by UT-Battelle, LLC, operator of Oak Ridge National Laboratory under Contract No. DE-AC05-
00OR22725 with the United States Department of Energy. The United States Government has certain rights in
this Data Set.
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velop a population distribution surface in totality, not just the locations of where people sleep�.

For this reason, it integrates diurnal movements and travel habits in one measure called ambi-

ent population.18 Finally, as standard in this literature, a number of cell-speci�c data are added,

including climate (rainfall, temperature, and water balance, i.e. the di�erence between evapo-

transpiration and precipitation), night lights, distance from the border, and whether the cell is in

a capital city. Additional details on these variables can be found in Appendix B.

Descriptive statistics.Table 1 reports some descriptive statistics. Figure 1 and Figure 2 show

maps with averages over the period of the two key variables. We observe more than 10,400 cells

in 12 years. A few elements are worth mentioning. First, the unconditional number of violent

events in a given cell and a given year is low, around 0.47. In most cells no con�ict event occurs

during the entire period. In fact, the unconditional probability of observing at least one violent

event is around 10%. The probability of observing at least one MNE a�liate is also very low, at

2%, with an average number of a�liates of 0.39 over the full sample. Second, a�liates tend to

be spatially clustered: conditional to observing at least one a�liate in a cell, the average number

of a�liates is 16.42. Finally, con�ict probability is much higher in cells with at least one MNE

a�liate, around 49%. Of course, these descriptive statistics do not take into account key variables

at the cell-year level, such as population and local economic development, something which is

dealt with in detail in the empirical analysis.

Appendix B presents additional statistics for the con�ict and the MNE data, and for all addi-

tional data used in the analysis and not included here. In the sample period the ACLED dataset

records 128,310 con�ict events, as Table A2 shows in Appendix B, together with additional de-

scriptive statistics. When conditioning on observing a violent con�ict event (12,418 cell-year ob-

servations), the median number of con�icts is 2, while at the 25th and 75th percentiles the num-

ber of con�ict events are 1 and 4 respectively. Among all cell-years (125,076 observations), the

percentage of cells with consistent peace is around 67%. Figure A7 in Appendix B shows annual

aggregates of the number of MNE a�liates and headquarters in the African sample. The rate

of growth of the number of a�liates drops sharply owing to the crisis. Before 2009, the average

growth rate of African a�liates was 26%, but it drastically dropped to 4% in the �rst couple of

years after 2009, and stabilizes to an average of 9% in the years post crisis (2010-2018).19 In terms

18To construct the data it uses a �smart interpolation� technique taking together information from Census,
primary geospatial input, ancillary datasets and high resolution imaginery analysis. I have imported these data, for
each year, in Qgis as rasters and computed population statistics in each PRIO-GRID cell through an algorithm in
Qgis. This algorithm is called Zonal statistics, and it calculates some statistical values of rasters inside speci�c zones,
de�ned as polygon layers, in this case, PRIO-GRID cells.

19Due to data limitations, this statistic is computed only from 2007 onward, but other data sources (in �ows,
not stocks) con�rm this growth also before 2007 (UNCTAD, 2009a; UNCTAD, 2009b).
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Table 1: Descriptive statistics

Obs. Mean S.D. Median

Con�ict
# con�ict, all cells 125,076 0.47 2.97 0
# con�ict, if a�liates = 0 122,114 0.37 2.52 0
# con�ict, if a�liates > 0 2,962 4.27 9.79 0
Prob. con�ict> 0, all cells 125,076 0.10 0.30 0
Prob. con�ict> 0, if a�liates = 0 122,114 0.09 0.29 0
Prob. con�ict> 0, if a�liates > 0 2,962 0.49 0.50 0

MNE
# a�liates, all cells 125,076 0.39 8.16 0
# a�liates, if a�liate > 0 2,962 16.42 50.47 2
Prob. a�liates> 0, all cells 125,076 0.02 0.15 0

Notes:Author's computation fromACLED and themultinationalenterprises (MNE)datasets. The �naldataset is composedofapanel
of 10,423 cells from 2007 to 2018. Additional descriptive statistics on the variables not included here can be found in Appendix B.

of nationality, the most frequent non-African headquarters are British (10% of a�liate-year ob-

servations), American and French (both around 8%), and German (5%).

3 Impact of multinationals on con�ict

Assessing the impact of MNE activities on violence poses a series of methodological di�culties,

chief among them being the potential reverse causality of local violence on MNE activity. The

direction of this bias is most likely negative; that is, the existence of con�ict incidence might de-

crease the likelihood of an a�liate being active. However, we cannot completely rule out the

possibility that con�icts may a�ect MNE a�liate presence in a non-trivial way. Accordingly, in

order to demonstrate causality, I present a regression model that expresses con�ict occurrences as

a function of multinationals' activity, where the latter is instrumented in each cell-year.

3.1 Econometric model

In this section, I model the occurrence of con�ict events in a cell as a function of MNE activity.

If we denote a generic cellk, with k 2 c, wherecdenotes a country andt denotes a generic year,

and ignoring controls, our regression model is:

con�ictsk;c;t = � + � a�liates k;c;t + f k + f c;t + uk;c;t (1)
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