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NOTES ON MICRO SOCIAL ACCOUNTING AND MULTIPERIOD BUDGETING 

These notes expound some concepts which are fundamental for economic 
theory in general and the rest of this course in particular. 

‘An economic agent can be a person, a household, a corporation, a non- 
Profit organization, a government agency, etc. - any entity which may be 
thought of as acting as a unit, choosing among available opportunities, and 

Possibly having a preference ordering. 

This raises a question: if a single agent plays several roles, to 

what extent is it justified to look at each role in isolation? E.g., 

the same person may be head of a household, manage a firm, and contribute 

to political parties. Is it justified to think of this one person as a 

utility maximizer in one role, a profit maximizer in another, and a 

chooser of public goods in a third? 

We need .a concise way of describing the economic status of an economic 

agent, to get a handle on the opportunity set available to him. Consider 

the ‘lance sheet of an agent as of a given moment of time. This is a 

list of his assets and liabilities, measured in physical quantities and 

in money values. The basic accounting identity is (in value terms): 

Assets - Liabilities = Net Worth, 

or A-L-=NW. For our purposes there is a better classification. Distin- 

guish physical (FA). The former include 

such items as land, structures, equipment, vehicles, furniture and inventories. 

(PA) from financial 

The latter include money, savings accounts, bonds, receivables, charge



accounts, mortgages, accrued wages, vested pensions, etc. Basically, a 

financial asset is a claim on some other economic agent, while a physical 

asset is a tangible entity on which one has ownership rights (= your right 

of access to the entity, and the right to exclude "trespass" by any other 

agent). 

Here are some borderline cases: Gold and jewelry are physical assets. 

Corporate stock is in practice a (variable-yield) financial asset for 

large publicly-held firms, but an indirect way of holding the physical 

assets of the firm in the case of closely-held firms. (Holding companies 

and corporate pyramids, in which some corporations own the stock of others, 

may be disentangled by input-output analysis.) The "human capital" approach 

notes that a person's own body (and mind) is one of his physical assets. 

The things owned by an agent (i.e. his physical assets) may not coincide 

with the things controlled by that agent. This occurs in two broad ways: 

by rentals -- A relinquishes possession of a good to B's use for a period 

in return for a rental payment (in the employment relation the good is A's 

own body, and the rental payment is the wage); and by bailments -- where 

B performs a service on the good forwhich A pays B (e.g., repair services, 

surgery, transportation; the stockholders of a firm may be thought of as 

collectively bailing the corporate assets into the custody of the manage- 

ment team). 

There are all sorts of partial ownership relations which can in 

principle be resolved into rights and claims among different agents: 

patents, franchises, easements, office holding, trusteeship, citizenship. 

Goodwill and reputation appear not to be separate assets, but values 

embodied in other assets (just as the value of any asset is a reflection



in part of the demands of other agents). 

We will ignore the complications suggested by these last paragraphs, 
and merely note that an adequate theory still awaits formation. 

Liabilities are precisely the obverses of financial assets. ‘That 

is, a financial asset on one agent's balance sheet is exactly matched by 
a liability on some other balance sheet. (Example: bondholder and bond- 
issuer, depositor and bank, creditor and debtor, currencyholder and 
central bank.) Suppose there are N economic agents in the economy, and let 
Byy be the gross amount that agent j owes to agent 1. Let FA, and L, be 
i's financial assets and liabilities. Then 

N N 
Mm - © Bs Let EB Be 
tye 3 i=. 19 

and, for the entire economy, 

Faw E, FAS Ey 25 Byy = 25 2, Byy = By Ly ob 

Definition: the net creditor position of agent i, B, = FA, - Ly 

N 
It follows that E B,= 0. The balance sheet identity may be rewritten 

i=l 

NW, = PA; + FA, - Ly = PA, + By. 

Adding over all agents yields NW = PA, 

or: total wealth = total (physical) ownership. 

(Note: all agents must be included - governments, central banks, and 

foreigners). 

Gonsolidation: Let $ and T be two disjoint sets of agents. The total gross 

debt of T to $ is 

By. DL SB, 
acs jer 13



The consolidated balance sheet for $ is obtained by pooling all the assets 

and liabilities of ieS (cancelling any B,, for which i, je S). This 
aj 

yields W,= I MW, , 
omer a 

PAg= E PAL, Bo= EB 
Bites. atm ies, 4 

In principle this is the way to obtain the economic status and relations 
among countries, regions, social classes, etc. 

So far we have dealt only with money values. This can usually be 
broken down further into a sum of price-quantity products, and this is 
essential for time comparisons. 

Distinguish three kinds of value yardsticks: 

(2) current, or nominal dollars (the actual market values); 
(2) constant, real, or deflated dollars (let r(t) be a price index, 

P(t), V(t) a current price, value; then P(t)/m(t) , V(t)/n(t) are deflated 

prices, values); 

(3) discounted, capitalized, or present-value dollars (this is defined 

only in terms of a stream of discount or interest rates, let Z(t) be the 

value at t of $1 at time 0 invested at these rates; then P#(t) = P(t)/Z(t) , 
Va(t) = V(t)/2(t) are discounted prices, values); 

The rate of inflation is $T/n , while 2/2 = 1 is the instantaneous 

Tate of (nominal) interest, in continuous time. i - {8/1 is the real 
rate of intere: 

In making comparisons over time, we may subtract current, constant or 

discounted values, getting three different answers. Thus, the following 

equations have three different versions.



Definition: savings = change in net worth S$ = ANW 

Definition: investment = change in physical assets I = APA 

Definition: net lending = change in net creditor position 2B 

For any agent i, we have S, = I, + AB, Adding over all agents 

yields $= I, the basic macroeconomic identity. Writing V = 1s x; > 
ap. dx, 

ae" yar ty ya 
separating value change into that due to price change (capital gains) 

a price-quantity breakdown, we get 

and quantity change. 

Note that for a single agent or sector, capital gains # 0 in general 

even in real terms, since one may hold assets whose prices rise faster 

than prices in general. A sensible way to define the price index 1 is to 

make capital gains = 0 for the economy as a whole. 

Many financial assets are denominated in money terms (e.g., money 

itself). For these, nominal price is fixed, but not discounted or constant 

price. Now we consider components of change. All items considered are net - 

e.g. "rents" mean the excess of rents received over rents paid, "transfers" 

the excess of transfers to the agent over transfers from the agent (these 

may be < 0). 

Exports, imports are the sale, purchase of goods. Thus an export is a 

negative investment, but leaves NW unchanged, since one’s net creditor 

position rises as much as PA falls (ignoring transaction costs). 

Net exports = exports - imports = - net imports 

Production is the rise in quantity of a physical asset via transformation. 

Consumption is negative production. (Net) interest is received on 

financial assets and paid on liabilities. (Net) rents include wages, and



accrue on the difference between assets owned and assets controlled. 

Transfers include welfare payments, taxes, gifts, and thefts. Then, for 

an agent, 

4B = (net) [exports + rents + interest + transfers] 

I = (net) [production + capital gains + imports] 

so 

S = (met) [production + capital gains + rents + interest + transfers], 
since net imports cancel net exports. 

Notes: adding over all agents, the following aggregates = 0: 

net exports, net imports, net rents, net transfers, net interest; thus, 

S = I = net production + capital gains, for the whole economy only. In 

constant dollars the capital gains term drops out. 

The investment equality follows from the basic material balance 

identity: 

4 stock = production - consumption + net imports (in quantity terms): 

multiplying through by prices and adding capital gains yields investment. 

Problem: show that it makes no difference if transfers are of physical or 

financial assets. 

Income concept: Letting income = $ + C = I + C for the whole economy, 

we have discussed $ and I, but C cannot be identified with consumption 

above, as this includes all using up of stocks. Typically one adds in 

only consumption in the household sector, which raises all sorts of 

ambiguities since there is no sharp borderline separating this sector 

(e.g. commuting, government services). The issue is often put in the



form: is this good "final" or "intermediate", which is even more 

confusing since, e.g., raw inventory accumulation is part of I hence 

of Y. What is involved here is that people want income to represent welfare 

as well as net production. But (per-capita) household consumption appears 

intuitively to be a very poor indicator of (per-capita) welfare even in the 

ordinal sense. (Average lifespan does much better.) 

Perfect Capital Market. We want to retain the simplicity of perfect 

competition in dynamic situations, hence the notion of perfection in the 

“capital” market (i.e. the market for dated claims on money). Assumptions 

1. one universal discount rate at any time; 

2. just one financial instrument: 

unlimited borrowing or lending allowed at the uniform rate; 

4. no defaults or bad debts. 

Note that one borrows by stepping up imports; borrowing in the sense of 

exchanging an I0U for money is meaningless here. These assumptions are 

inherently unrealizable, since nothing prevents agents from "living it 

up" to an unlimited extent. Any real world system must have credit rationing, 

contradicting 3; nonetheless, it may be a good first approximation for 

many purposes, and the alternatives are much more complicated. 

Period analysis; let there be T periods; period t stretches from 

time t-1 to time t. Let i, be the interest rate prevailing in period t, 

B, an agent's net creditor position at time t, 

W, = agent's net [exports + transfers + rents] in period t (thought 

of as accruing at the end of the period) 

then



@ B= Gti) BL +H, i Gals oot 

(to verify, look at B,_, 2 0 separately) 

Definition: present value of the stream (W,, ..., W, 
LA W, ‘ a W, 

5 a+aariy Ga) = 
By 4 

a¥ap .. @+ap 

~ a+a) 

Theorem: present value of [Wy, -.., Wy] = 

This can be proved directly, but it is easier to put everything in terms 

of discounted dollars; the discount factor for time t is (1 + i,) ... (1+ 4,)» 80 

BL = BIG + 4)... A +49] 
* 
t 
* 

W, = W/E +4)... + ad) 

the net creditor equation (1) is then simply 

* d @) apes ew 

(proof: divide through by (1 + 4)) ... (1 + 4,). 

ut * * ok ok Present value of [W,, ..., Wp] is Wy +... + Wy = BD - BY = pgesey) © oo" aFi 

(proof: add equations (2) over tl, ..., T and cancel) 

The point of this result is that it enables us to formulate a lifetime budget 

constraint in complete analogy with the standard consumer budget constraint. 

Irving Fisher's idea was to combine the perfect capital market with a single 

constraint at death, which may be written 

B, 20 (version I) or NW, 2.0 (version II) 

i.e., you cannot die in debt (version I) or your estate must have enough 

assets to pay off your debts (version II). II seems more sensible, though 

neither is very realistic.



(Problem: formulate a better system of constraints involving 
collateral requirements) 

ere Version I reads: = W’ +B. > 0, or, eayeit) gO 

breaking up W: 

* imports < exports + rents + transfers + By > 

all terms except By being the present value of the lifetime stream. This 
may be compared to the standard consumer budget 

imports = ry Py x, <M= "income", 

and indicates how the term M, incorrectly labeled income, should be 
interpreted. 

In version II we must cumulate discounted savings over time; the 
result is 

consumption < production + rents + capital gains + transfers + My 

all terms except NW being lifetime present value. In the budget constraint 
1, Py x; <M one usually interprets X, as purchases or consumption of good j, 
lumping all sales into M. But it is just as natural to bring sales or production 
tothe left: x, is then net purchases or consumption of j and x; <0 would then 
be sales, etc. The utility function U(x,, ..., x,) makes perfectly good 
Sense with some x, <0. Graphically, we use * 
all four quadrants of the plane (the budget 
line passes through (0,0) for the x 
reasonable case M = 0).
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Next, let goods be indexed both by form and date: = net purchases Xe 

or consumption of good j in period t. The budget constraint then becomes 

* * 
Te Uy Phe Hye SM 

Note that discounted prices must be used, because the Fisherian lifetime 

constraint calls for present values. M” then is discounted lifetime rents, 

transfers, and initial endowment. 

Next, rents can be brought over to the left-hand side. 

Sy_ 7 Stock of good j held in period t 

04, ™ Stock of good j owned in period t 

Ty, 7 tental rate for good j in period t 

Typ 7 Typ/TG + 4)... 2+ 4,)], as usual 

Then the budget constraint becomes 

* * * Te ly Pie yet fe Spe lew. 

since $5, - 05, = net stock rented from other agents. Example: let j=1 

be labor j youown yourself, so o,, = 1; in period t you rent yourself out, Ae 
* * so S,, = 0, and earn wage r},. Mis now the present value of net 

transfers and initial endowments. 

(The determination of M* lies in certain underdeveloped branches of 

economics: the economies of crime, philanthropy and political influence.) 

For this set up, the appropriate utility function might be 

Unser Sper Sele vey my tel, oe, 7) 

Continuous time. All the foregoing analysis may be done in continuous
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time instead of periods; let A be the length of a period. The discount 

factor may be written 

Q+i,4 G+i, 0)... +4, 4) 

Now the overall time interval fixed, and let A+ 0; the discount 

factor becomes 

ZT, log (1 +4, 4) = 2, 1, , A, 8 +0 ()) © _foreae 
e e in the limit. 

Thus discounted values are given by 

Pe Splat = -Sjiat 
V(t) v(t) /e V(t) e 

asjaae 
Example: if i, the instanteous discount rate, is constant, then e . 

e *7, the familiar discount term. The present value of the continuous 
T T ee 

stream W(t), 0 < t <7, is given by SJw(t) e/0 106) alge - Squitie “at 
for constant 4. 

Note that discount rates do for time exactly what exchange rates do 

for space: there is a dollar price of yen, francs, rials, etc., and there 

is a time-0 dollar price of time - t dollars, namely, 

1 ry 
in the period analysis, e/0*** in continuous time a+a)... Gap 

-4 1a. + 477, e#T gor constant 4] 

Problem: combine time and space to get the time-O dollar price of time-ty yen} 

this gives the forward exchange market (under certainty). 

Note there is nothing sacred about time 0; any time ty may be 

designated as the base (even a future ty). The point is to express every- 

thing in the same t) dollars. In continuous time, the difference equation
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Bo G41) 3 +8, 

becomes the differential equation 

aR, 
at iB+wW. 

In discounted values, these read 

yielding 

a ok * Te By Bo = 2, W, » or = SWdt, respectively 

Long-term discount rate from t, to t, is defined as the constant rate 

yielding the same discount factor; thus in period analysis it satisfies 

t, ratte asa ats 
ay 

Q+4i) -Q+tid, ) ty +l 2 

in continuous time 

t, 2. Aiong (tz - ty) = Fete 

there are two basic relations: note that some Price rental relation: 

Prices and/or. rents may not appear on the market, so must be imputed 

(shadow prices, quasi rents) 

1. Price is the discounted value of future rents for any good: 
t, if 

es” r(t)e ae aay P(to) 

* for discounted values this simplifies to P (t)) 

Differentiation yields 

ip- Bar ,
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2. Let F(S), ..., 8.5 x) -+. %,) = 0 be a transformation function, 
Sj = stock of good J, x, = net output of good j (x, < 0 for inputs being 
used up). 

If stocks have no direct utility, a stock will be held up to the 
point at which the value of its marginal product equals its rental. Let 
F be continuously differentiable ("smooth"); then the marginal physical 

Product of $, in producing x, is found by noting 2£— 35; as, + E- ax, = 0, 80 

ORL 7 SE. Multiply by P, gives MVP, so ry 8, / ox, 

This gives 

ae ee ae 

Gi Th ED , 

In more general models, stocks have direct utility (or disutility) 

as well as productivity (e.g. durable consumer goods); equilibrium 

is then the sum of these two components (convert utils to dollars by 

dividing by the marginal utility of money). Now consider the problem: 

Max UCKje Sjpr JeLy -++y my ted, «+4, T) subject to Ey 2, Ge yet Te 85) < * 

+ ek then x6 fee (Pier Type M') is the demand for x,, in terms of the parameters; 

similarly, there is a stock demand S,, = 8, (.--) 

ae the demand functions are homogeneous of degree zero in P, r, M 

multiplying these by a constant leaves the set of feasible options 

unchanged.
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Furthermore, note that demand depends on nominal prices and discount 

rates only through discounted values; thus any changes in these leaving 

discounted prices invariant leaves demand invariant as well. 

* 
Example: let M = 0; let P. °* be two systems of prices such that ge? Pye 
Beet ant Pj, (P°* has an inflationary tilt compared to P“); also 

rye A+ cys also det +4, = HDA +H 

Then the demand is the same under the ~*~ and the ~~ system. 

- : is 
Proof: Pyt = Pit ce SMT 

a+i).. dtip Gna+h).. GeHaFiD 

P, ee = Pree a | a Fs 
aQriry... Gi) 

To simplify, consider the case n=l, T=2, the 2-period, 1-good case; 

let P,, P, be prices in periods 1, 2, and i the discount rate; the budget 

constraint reads (ignoring rents) 
Py x 

* * rR] 
ETB y thats) Sleaal lt eZ 

future 
Maximize UGK» x) 

We can graph this in a fantlier vay: ae 

The slope of the budget line = - =+ (1 + 4) 
2 

=~ (1 + real rate of interest) 

since P,/P, = rate of inflation, there being just one good. 
positive 

Definition: U has intrinsic (neutral ) time preference if, when 
negative 

> U (x**, x°), respectively. (This x > x7, we have U(x’, x°*) 

makes no sense for two commodities at one time, since it is not 

invariant with measurement units.) Show: if real interest rate = 0, then
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xy 2 x, under these respective time preferences. 

Profit maximization - this means: maximize present value. Why 

should a rational economic agent do this? Suppose there is a production 

sector which is utility-neutral and non-interactive with the rest of an 

agent's realm; then maximizing profits maximizes the range of choice of the 

agent under any utility function, so is part of an optimal solution: 

Let y = production variables, x = other variables, P* = discounted 

prices; consider the very general problem 

Max U(x) 

xeS * * * 
subject to yer? P¥SM +P Y, 

$ an arbitrary choice set not dependent on y; the optimal solution clearly 

requires that y maximize p"y subject to the technology constraint yeT. 

There is also the "natural selection" argument that economic power 

(measured by Net Worth) gradually flows toward those agents who are most 

strongly motivated to acquire it. 

Technology - a time extended technical process may be described by 

a 2NO ~ dimensional vector (Sj,5 x54) J = 1, -.sN, t= 1, «+-8) 

Sy_ 7 stock of good j at time t, 

Xy_ 7 Ret output of good j at time t 

The technology set T is the subset of 2N@ ~ dimensional space of 

all technically feasible processes. The efficiency frontier is the subset 

of T such that no output can rise, or input or stock fall, without an 

opposite change in some other component. 

T may be built up from more elementary production processes e.g. in
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period analysis, an initial bundle of stock at time t-1 gets trans- 

formed into a final bundle at time t (which, after additions and withdrawals 

becomes the initial bundle for the next period). In continuous time, tech- 

nology may be taken as a2N dimensional set of vectors (Sj, +--+ Sy» Xys +++» 

xy) Sj 7 stock of good J, x, = net output of good j. 

"Factors" are those goods which transform slowly in production 

(catalysts), "materials" transform rapidly. Depreciation, product improve- 

ment, learning, fatigue, etc. may be represented by distinguishing different 

quantities of a good as different goods-e.g., a new machine disappears and 

a worn machine appears. 

There is no fundamental distinction between production and household 

activities. Much production occurs in the home - cooking, cleaning, 

education, nutrition. Reproduction is a form of production. Conversely, 

most business activities have a welfare aspect (“working conditions"), and 

we may write W(S, ..., Sy, x), +++» %y) as the welfare generated in using D 

the stocks $ to yield input output pattern x, W being experienced by the 

persons participating in the process and perhaps by others.


