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1 � Background
A social accounting matrix (SAM) is an analytical construct that brings together the 
material input output matrix originally conceived by Leontief, with a consistent frame-
work of transactions across production sectors, factors of production and various classes 
of economic agents. In the form that has become more popular and was developed 
first by Stone’s research team in Cambridge, the SAM is the basis of modern national 
accounting and records transactions across activities, production factors, and the main 
institutional agents that constitute a modern market economy, namely households, 
enterprises, government, the financial and the international trade sector. As for the 
input–output, but in more integrated and value-based fashion, a SAM collects data on 
inflows and outflows of services by recording receipts and payments using the double 
accounting principle in a mutually consistent form. By convention, each column of a 
SAM thus records payments from that account to each other account, while each row 
records receipts to a specific account from each other account, with total receipts being 
equal to total expenditures. For this reason, the columns reporting production activities 
outlays can be interpreted as production processes, whose costs, including factor pay-
ments, equal in aggregate the value of production. At the same time, the corresponding 
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rows can be interpreted as the revenues of each activity from all other activities. The 
SAM records value added formation by accounting for payments from activities to pri-
mary production factors (capital and labor) and to the government in the form of indi-
rect taxation. The SAM also accounts for income formation by recording payments from 
factors of production (value added) to households, government and other institutions, 
including the financial and the foreign sector, and by accounting for other transactions, 
including direct taxes, subsidies, interest payments and various types of transfers across 
institutions. The SAM concept and practice is at the base of the UN national account 
system (SNA), and in more recent years it has been extended to include environmen-
tal flows, such as carbon emissions and ecosystem services of various sort (Burthoo-
Barah et al. 2019; Scandizzo and Cufari 2019; Scandizzo and Ferrarese 2015).

While the SAM has been often utilized to evaluate the indirect effects of capital 
expenditures from investment projects as a demand shock  (Scandizzo and Ferrarese 
2015; Debowicz et al. 2013),  its use to assess the impact of the investment beyond the 
activation effects of the construction period, has been limited. The theory and practice 
of project evaluation has also typically neglected the fact that, while in the construc-
tion period a project may be considered as part of the capital formation account, after 
the construction period, the project is generally a production activity, which is linked 
to sectors, factors and institutions by a series of transactions that can be accounted 
for, using the same principles, industrial classification and balancing of all other activi-
ties represented in the SAM. For example, the increased demand generated by public 
investment in a new road during the construction period can be measured as a vector of 
purchases of capital goods, in analogy and as an implicit part of the investment (capital 
formation) vector in the SAM. Once completed, however, the road becomes a service 
producing activity that not only generates increased demand for inputs, but also con-
tributes to revenue formation, increase consumer surpluses and spill over the economy 
thereby increasing economic activity in the rest of the economy. An investment project, 
in particular, is characterized by a cash flow, for each year or project life, that can be split 
into a series of costs and a series of revenues and, as such, conveniently represented in a 
specific column and row of a SAM. This representation not only provides a convenient 
way to represent a project in a SAM, but also suggests that SAM production activities 
can be seen as sets of investment projects at various stages of implementation and are 
thus subject to variations over time due to the overlapping of projects of different gen-
erations. In turn, this twofold consideration on the role of projects as activities and of 
the activities as overlapping ongoing projects, indicates that a proper SAM accounting 
should not only aim at accounting for direct responses to final demand changes, but also 
for the variation of the patterns of transactions (i.e., changes in the SAM coefficients) 
due to new projects and technologies.

Following Stone’s original interpretation (Stone 1952), SAM accounts and coefficients 
can be considered special cases, respectively, of a transaction and a response matrix for 
an economy. The response matrix can be more or less complex and may coincide with a 
linear approximation of a full-fledged computable general equilibrium model (Perali and 
Scandizzo 2018). In the case of an investment project, therefore, while the project cash 
flow can be directly incorporated in a transaction SAM, its translation into a column 
and row vector of coefficients require a series of assumptions on the technology and the 
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behavior of the economic agents involved. In the simplest case, the response matrix is 
a matrix of input output coefficients for the production activities, and of expenditure 
shares for the behavior of the institutions (households, government, etc.). In the case of a 
CGE model, the project transaction column contains, for each period of project life, the 
project payments to the factors of production (including the project net revenues to cap-
ital), as well as to activities and institutions. The response (coefficient) column instead in 
the simplest case embeds the hypothesis that project outlays are fixed proportions of its 
total cost. Similarly, the project transaction row contains the revenues and possibly the 
external effects paid to the project by production activities, institutions and the financial 
sector. For these stakeholders the payments made to project represent costs for goods 
or services provided by the project, so that in the response matrix, they are converted 
into coefficients, which in the simplest case are fixed proportions of total costs of their 
own production. As required for all SAM accounts, project rows and columns of the 
transaction matrix balance, since the project outlays, which include the net project rev-
enues paid to capital, equal the project inflows or gross revenues with any financial gap 
filled by the capital formation (i.e., the financing) sector. For example, in the construc-
tion period, the outlays will consist of the construction costs, while the balancing inflows 
will be provided by payments from the capital formation accounts.

More generally, the rows and columns of the SAM as a transaction matrix can be rein-
terpreted as the twin entries of the cash flow account of an economy for a given period 
of time. For the production sectors, this means that revenues from product sales are 
recorded in the row entries and costs in the column entries. The difference between 
revenues and intermediate costs is value added. This can be considered a result of the 
production activity (the larger the better, ceteris paribus) and is the basis to compute 
all welfare measures including GDP. In turn, value added is recorded as a row entry in 
the accounts of factors of production. Here row entries represent incomes from employ-
ment while column entries document payments to factor owners, which in a market 
economy are households, firms and the government. For institutions, finally, row entries 
represent incomes from factor ownership, interests and dividends, or transfers of vari-
ous kind, while column entries are expenditures for goods and services and savings (as 
purchases of financial assets). Rather than value added, however, the return to capital 
in the form of gross margins of production are recorded as the difference between sec-
tor revenues and sector costs (including cost of intermediates and cost of labor) and are 
credited to the account of capital as a factor of production.

In sum, while the general practice in input output and SAM-based model has been 
to consider an investment project as a vector of expenditure shocks, the proper way to 
analyze it is as a special form of an activity, with its own input output parameters that 
evolve over time. This type of activity is characterized by a series of cash flows that 
change over time. At any point in time an investment project can thus be represented 
in the SAM as a column of cash outflows, including all capital and maintenance costs 
from intermediates and resulting value added, and as a row of cash inflows, including 
financing from the government and private savings during the construction phase, 
and revenues from increased production of goods and services during the operational 
phase. Since costs and revenues have to balance, financing from the capital formation 
sector, or directly from the government or other project sponsors must be recorded 
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as one or more row entries in the years where cash outflows are larger than cash 
inflows (the “construction” period). Vice versa, once the project is operational and 
inflows become larger than outflows, returns can be credited to capital (as gross busi-
ness margins) or institutions (government or households).

The benefits from the project, however, are not limited to the remuneration of 
capital, since other social benefits and costs may also be considered in the economic 
analysis.

2 � Methods
2.1 � A SAM‑based model for project evaluation

Consider the social accounting matrix equation for a generic scenario:

where X is an n,1 vector of activity levels for productive sectors, and incomes for 
factors and institutions and Q = I − A , the SAM coefficient matrix.

We can consider an investment project as an additional activity and augment the 
size of the SAM by adding a column and a row of transactions corresponding, respec-
tively, to the outlays and the receipts of the project cash flow. In order for the inflows 
and outflows to balance, this entails, in particular, accounting, among the receipts, for 
any financing flow and, among the expenditures, any profits distributed to factors of 
production and other stakeholders. We can then write two new equilibrium condi-
tions for the situation “without” and “with project” SAM as:

In (2a) and (2b), As and Ac are n + 1, n + 1, SAM matrices augmented of one column 
and one row to represent, respectively, the situation without and with the project. The 
matrix without the project As , in particular, can either contain an additional column 
and row of zeros, for the case of full project additionality, or the data of the cash flow 
of an alternative project as a counterfactual.

Subtracting Eq. (1) from Eqs. (2a) and (2b), we obtain, after some manipulation:

As noted in the literature on structural decomposition (e.g., Rose and Casler 1996), 
the two expressions (3a) and (3b) signal an index number problem. In the remain-
der of this paper, we will assume that the differences between (3a) and (3b) are small 
enough that they can be ignored or otherwise solved by appropriately averaging the 
results obtained by separately applying the two equations (Koppany 2017, p. 619).

Both the As and the Ac matrix are singular, but we can decompose them into a non-
singular square submatrix of coefficients of endogenous variables and rectangular 
submatrices of coefficients of exogenous variables:

(1)X = AX ,

(2a)Xs = AsXs,

(2b)Xc = AcXc.

(3a)Xc − Xs = Ac(Xc − Xs)+ (Ac − As)Xs,

(3b)Xc − Xs = As(Xc − Xs)+ (Ac − As)Xc.
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In (4) Xei and Xxi are vectors, respectively, of endogenous and exogenous activity levels 
and Aee,i, Aex,i, Axe,i, Axx,i corresponding submatrices from partitioning of Ai. Devel-
oping the expression, we can re-write (2) and (3) as follows:

This expression identifies one part of the system ( Aex,iXxi) as a vector of exogenous 
demand levels and one part ((I − Aee,i)Xei) as a corresponding vector of endogenous 
supply levels necessary to satisfy the direct and indirect demand generated by the exog-
enous demand levels.

Subtracting the endogenous vector without the project from the one with the project, 
we obtain:

More synthetically, expression (6) can be re-written in difference notations as:

Solving for the endogenous variables, we obtain:

Expression (8) indicates that the variation of the endogenous variables of the model 
may be the consequence of three different shocks, all filtered through the matrix of mul-
tipliers of the endogenous sectors: (i) the autonomous variation of the exogenous var-
iables (capital formation, exports or a specific vector of project expenditures); (ii) the 
variation of the SAM coefficient submatrix of the transactions within the endogenous 
accounts, and (iii) the variation of the SAM submatrix of the transactions between the 
endogenous and the exogenous accounts. Intuitively, the exogenous activities increases 
aggregate demand through the value chains quantified in the SAM, but may also intro-
duce technological change, and induce a new pattern of transactions, boost or reduce 
existing connections and create new ones.

If one of the exogenous accounts is a specific investment project, in particular, con-
sider the exogenous variation measured by the project cash flow over a time horizon 
t = 0, 1, . . . ..T  and the changes in the SAM coefficients due to the changes of the project 
cash flow every year.

Indicating with the t subscript the time, the term Aex,c,t�Xx,t = Aex,c,t

(

Xxc,t − Xxs,t

)

 is 
the increase in project expenditure in the tth year, while ( �At

ex)X
t
xs , is the change induced 

by the project into the counterfactual SAM matrix of the same period without the pro-
ject. With no competing alternative ( Xxs,t = 0) , we have:Aex,c,t�Xx,t = Aex,c,tXxc,t , i.e., 
the project cash flow. This includes, as all columns of the SAM, the demand increases 
(with respect to the situation without the project) generated by the expenditures of the 
project with respect to all sectors. These expenditures include both costs and net ben-
efits of the project such as the payments made to project stakeholders as for example 

(4)AiXi =

[

Aee,i Aex,i

Axe,i Axx,i

][

Xei

Xxi

]

for i = s, c.

(5)Xei = Aee,iXei + Aex,iXxi; i = s, c

(6)
Xec−Xes = Aee,c(Xec−Xes)+ (Aee,c−Aee,s)Xes+Aex,c(Xxc−Xxs)+ (Aex,c−Aex,s)Xxs.

(7)�Xe = Aee,c�Xe + (�Aee)Xes + Aex,c�Xx +�AexXxs.

(8)�Xe = (I − Aee,c)
−1

[Aex,c�Xx + (�Aee)Xes + (�Aex)Xxs].
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the net margins paid to capital and the other net benefits, accounted in gross terms in 
a corresponding row of the SAM. The term (�Aext)Xxt = (Aext+1 − Aext)X

t
xs represents 

the structural impact of the technology embodied in the project. This impact may be due 
to different project requirements in terms of use of intermediate inputs and value added 
in comparison to existing technologies. Project impact is thus evaluated as the sum of 
two components, one depending on the change in the scale of the cash flow, and one 
depending on the change of the weights of the different items of the project transaction 
vector in a new SAM updated to account for the transactions introduced by each phase 
of the project.

The present value at rate of discount r of project impact can be directly derived from 
Eq. (8):

However, Aee,t+1 will approximately remain constant if the project is small enough, 
and �Aeet

∼= 0 , so that expression (9) can be approximated on the basis of the initial 
SAM for the endogenous accounts:

Expression (10) allows to estimate the present value of project impact using a single 
SAM and its variations as the direct and indirect effects of the present values of the pro-
ject cash flows. In turn these are defined as the sum of two components: (i) the yearly 
project outlays for a given structure of the interdependencies between the project and 
the rest of the economy, and (ii) the yearly increases in the same outlays due to the vari-
ation of these interdependencies brought about by the changes of project outlays over 
time.

3 � Results
3.1 � Building a project SAM

In the theory of cost–benefit analysis, actual transactions in the form of revenues and 
expenditures at market prices are associated with the so-called “financial analysis”, which 
has the purpose to evaluate projects from the point of view of a private subject. In the 
“economic analysis”, instead, the basis to compute benefits and costs are no longer actual 
transactions at market prices, but virtual transactions that reflect what consumers or 
producers gain from market exchanges and other project effects, but not necessarily pay 
for them. Two typical concepts used to quantify these values are the well-known con-
structs of consumer and producer surplus.

While definitions can be made more precise by a better specified theoretical con-
text, both consumers and producers surplus have a long history in economics as 
their definition and initial use is due to Marshall (1890), one of the founding fathers 
of microeconomic theory. Consumer surplus can be defined as the excess of willing-
ness to pay for a good or service, compared to what consumers actually pay, while 

(9)

T
∑

t=0

�Xet

(1+ r)t
=

T
∑

t=0

1

(1+ r)t
(I−Aee,t+1)

−1
[Aex,t+1�Xxt + (�Aeet)Xet + (�Aext)Xxt ].

(10)
T
∑

t=0

�Xet

(1+ r)t
= (I − Aee)

−1
T
∑

t=0

1

(1+ r)t
[Aex,t+1�Xxt + (�Aext)Xxt ].
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producer surplus can be similarly defined as the excess of the price received com-
pared to producers’ willingness to accept. In both cases, therefore, a measure of the 
difference between a virtual transaction and an actual one is used as a monetary 
measure of a real gain. While an increase in household income is matched by an 
increase in consumer expenditure and/or savings, an increase in consumer sur-
plus does not apparently result in an increase in transactions. However, as shown 
by Weitzman (1988), real income, calculated with an appropriate price deflator (a 
Laspeyres index in case of homothetic preferences), is essentially equivalent to con-
sumer surplus. This implies that any increase in consumer surplus is equivalent to 
the sum of the increase in income at baseline prices plus a term (of a second order 
of magnitude) reflecting the fact that real income is also larger because of as con-
comitant favorable change in relative prices. For example, suppose that the project 
determines an increase in market supply of a particular good and this determines 
a corresponding increase in consumer expenditure. This larger expenditure in turn 
can be decomposed in a consumption saving (i.e., a gain in income) for the quantity 
consumed without the project (i.e., for those who already consume the good) plus an 
increase in expenditure due to the fall in price.

In addition to consumer and producers surplus, cost–benefit analysis also takes 
into account a number of other benefits and costs that are not translated into market 
transactions, either because they are not the result of market exchanges or because 
market exchanges do not reflect “true” social values. In other words, these two 
classes of project effects reflect the so-called “shadow prices”, which differ from mar-
ket prices of an amount reflecting the components of social values that for various 
reasons are not internalized by existing markets. Since the important work of Ronald 
Coase (1937), these externalities have been recognized as themselves corresponding 
to virtual (or potential) transactions.

Table 1 shows how benefits and costs of a project can be incorporated in the pro-
ject row (project receipts) and columns (project outlays). The economic components 
of project receipts are: (i) revenues from project intermediates; (ii) revenues from 
consumer purchases; (iii) government subsidies; (iv) debt or equity financing, and 
(v) exports. The corresponding project costs are: (i) capital and operational costs; 
(ii) net margins (credited to capital); (iii) consumer incomes, credited to households; 
(iv) taxes; (v) interests and dividends, and (vi) imports. The project row and column 
at market prices balance since net margins, i.e., the difference between revenues and 
costs are included in the project SAM column as a cost for capital. In this way the 
two sums, respectively, of the column and the row entries for market transactions 
(the so-called “financial analysis” of the project) equal the project gross revenues, 
i.e., all receipts. In order to go from financial to economic analysis all the above vari-
ables must valued at shadow prices and conform, as indicated in Weitzman (1976), 
Eisner (1988)  and  Hartwick (1990) to the notion of Net National Product (NNP), 
i.e., to an ideal flow measurement of national wealth of a dynamic economy. They 
can thus also incorporate social welfare effects, externalities and natural capital (last 
three rows and columns in the matrix) for which market prices are not available (as 
in Banerjee et al. 2016).
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3.2 � Economic analysis

Tables 2 and 3 show an example of a social accounting matrix incorporating a project 
cash flow, respectively, in the construction period (t = 0), and in the operational period 
(t = 1), with the project cash flow being accounted for as an extra activity and/or insti-
tution in the SAM. The cash flow data in the construction period include only capital 
expenditure (capital goods produced by activities) in the account column and financ-
ing from capital formation in the account row. In the operational period, the project 
account column includes all project costs (capital replacement and operational costs), 
while the row account contains all project receipts. The value added account is credited 
in the project column of the payments to labor and capital, including the returns paid 
as net business margins to project sponsors. These payments amount to the sum of the 
inflows reported in the row minus all the costs (other than value added) reported in the 
column. As a consequence, the sum of the column and the sum of the row both amount 
to the gross revenue component of the project cash flow. In a more detailed account, 
with value added split between various types of production factors and a capital account, 
wages would be paid to different types of labor and the net margins from the project 
would be explicitly credited to capital. On the other hand, while net benefits depend on 
the return to capital, they also include the indirect effects on the economy which are 
credited to households, government or other accounts.

As Table  2 shows, in the construction period, the project is assumed to produce 
no revenues, while its costs are assumed to be 100 monetary units, with payments 
to activities, production factors (value added), and rest of the world (ROW). These 

Table 2  SAM with project in the construction period (t = 0)

Act Value added Households Government Capital 
formation

Row Project Total

Act 220 0 150 30 30 100 50 580

Value added 250 0 0 0 0 25 30 305

Households 0 280 40 45 0 0 0 365

Government 10 25 95 0 55 0 0 185

Capital formation 0 0 45 90 50 110 0 295

ROW 100 0 35 20 60 0 20 235

Project 0 0 0 0 100 0 0 100

Total 580 305 365 185 295 235 100

Table 3  SAM with project in the operational period (t = 1)

Act Value added Households Government Capital 
formation

Row Project Total

Act 200 0 170 30 30 100 20 550

Value added 195 0 10 0 0 70 200 475

Households 0 410 40 60 50 0 0 560

Government 10 30 170 0 70 0 0 280

Capital formation 0 0 45 150 50 70 120 435

ROW 100 30 100 30 215 0 25 500

Project 45 5 25 10 20 260 0 365

Total 550 475 560 280 435 500 365
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costs are entirely financed from capital formation and give rise, to the extent that they 
mobilize unemployed resources, to value added increases through indirect effects. 
Revenues, on the other hand, are collected by the project as listed in the project row 
in Table 3. These revenues are collected from various stakeholders who purchase the 
goods or services provided by the project, including households and government. 
With no indirect effects, project net (financial) benefits would thus simply be the 
portion of value added credited to capital net of any charges due to user costs for 
maintenance.

Project financing is then repaid in the operational period with interests (120 mon-
etary units versus the 100 units borrowed for construction). In this period (Table 3), 
the project is assumed to collect revenues equal to 365 units from all sectors and 
institutions, with intermediate costs of 20 units from domestic activities and 25 units 
from imports. The difference between project receipts of 365 and project interme-
diate costs of 45 is credited for 120 units to the capital formation account and for 
200 units to the value added account and add to total project outlays, including loan 
repayment with interests accrued to capital formation. As a consequence, the value 
added account in the operation period is the sum of the project direct payments to 
production factors and indirect taxes to meet operational costs and of the returns to 
capital obtained from project revenues after paying for intermediate goods and capi-
tal formation. The capital formation expenditures include loan repayments, interests, 
capital depreciation (assumed to be 5% per year) and any expenditure for replacement 
of capital goods.

The two transaction matrices in Tables 2 and 3 correspond to two coefficient matri-
ces, whose difference is reported in Table 4.

Assuming as exogenous accounts, in addition to the project, capital formation and 
the rest of the world, we can now compute the project impact in both periods accord-
ing to expressions (8) and (9).

Table 5 reports the values of the main SAM accounts affected by the project, while 
Table  6 compares outcome variables with project costs. Multiplier estimates from 
value added and, considering depreciation charges, for Net National Product (NNP) 
are around 1 for the construction period and around 1.5 for the operational period, 
where not only costs but also net revenues from the project are taken into account.

Table 4  Differences in the SAM coefficients between the operational and the construction period 
(At+1 − At)

Act Value added Households Government Capital 
Formation

Row Project

Act − 0.016 0.000 − 0.107 − 0.055 − 0.033 − 0.226 − 0.445

Value added − 0.076 0.000 0.018 0.000 0.000 0.034 0.248

Households 0.000 − 0.055 − 0.038 − 0.029 0.115 0.000 0.000

Government 0.001 − 0.019 0.043 0.000 − 0.026 0.000 0.000

Capital formation 0.000 0.000 − 0.043 0.049 − 0.055 − 0.328 0.329

ROW 0.009 0.063 0.083 − 0.001 0.291 0.000 − 0.132

Project 0.082 0.011 0.045 0.036 −  0.293 0.520 0.000



Page 12 of 13Scandizzo ﻿Economic Structures           (2021) 10:10 

4 � Discussion
In this paper, I have presented a methodology to integrate cost–benefit analysis in 
the impact evaluation performed on the basis of social accounting principles (SAM 
or SAM-based models). The integration requires simply a recasting of the economic 
and/or financial data used in the discounted cash flow analysis in the format used in 
the SAM accounts and involves a simple reclassification of costs and revenues accord-
ing to the statistical system used in the SAM (Eisner 1988). The methodology general-
izes the use of multipliers to evaluate the short-term impact of investment projects, 
which is typically used alongside cost–benefit analysis, but without a clear relation 
with both its theoretical principles and practical applications. Unlike the simple mul-
tiplier method, by integrating project accounting in the SAM, it allows an exhaustive 
analysis of impact on revenues, costs and financing, thus providing a clear picture of 
the project contribution to both demand and supply both in the project construction 
and operational periods. By integrating in a consistent accounting framework value 
added formation and economic benefits and costs, this method also allows making 
full use of the information provided by the sector and the distributional details of 
investment cash flows through the entire project life.
Acknowledgements
Not applicable.

Authors’ contributions
The author read and approved the final manuscript.

Funding
Funding for this research was received by OpenEconomics (www.​opene​conom​ics.​eu).

 Availability of data and materials
Not applicable.

Table 5  Total project impact

Construction Operations PV

Activities 169.47 179.18 332.37

Value added 103.05 268.41 347.06

Households’ incomes 117.72 273.31 366.19

Government income 42.01 103.18 135.81

Total 432.25 824.08 1181.42

Table 6  Project performance indicators

Construction Operation Present values 
at 10% discount

Project costs 100 245 322.73

Value added increase 103.05 378.36 447.02

NNP increase 97.9 359.45 424.67

VA/costs 1.03 1.54 1.39
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