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1. Introduction

The purpose of this paper is to analyze the impacts, and its time-
dependency, of the factors that determine the price and quantity auc-
tioned in power exchanges. Conventionally, Simulatenous Equa-
tions Models (SEM) have been used to estimate interdependent en-
dogenous variables, typically with Ordinary Least Squares (OLS)
which assumes stationarity and thereby does not take into account
the time-dependent variations in the equation coefficients. In this
paper, we combine State Space Model esimated with Kalman Fil-
ter algorithm to capture the time-dependent changes inherent in the
market auctioning mechanism. The results that used two input vari-
ables (selling and buying bid volumes) showed that the level of con-
tributions to the price and quantity varied over time, exhibiting dif-
ferent trends between the supply and demand functions.

2. The Model and the Estimation Method

With the approximation of the demand and supply curves tolin-
ear functions as illustrated in Figure 1, the SEM formulation of the
system price p and traded quantity ¢, using selling bid volumes ¢
and buying bid volumes g;’ as the input variables, will be given as:
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for the supply (denoted S) and the demand (D) curves each. &°
and &P represent random noise. The equilibrium (E) price p5 =
pP = pF and quantity ¢° = gP = ¢ are obtained as the solution to
Eqgs. (1) and (2). In this paper, we let all the coefficients a; and b;
vary over time to see their time-dependent changes. To estimate this
model, we used State Space Model with the standard Kalman Filter
algorithm.

The market data for this analysis was sourced from the JEPX
website, for business days from May 2005 to June 2007.

3. Results and Discussion

Figure 2 shows the price estimation result. Kalman Filter
(KF) estimation yielded a better mean absolute fitting error of
1.89 [Yen/kWh], compared from 2.02 [Yen/kWh] by the OLS es-
timation. Figure 3 shows the time-dependent variations of the de-
mand and supply curves. As is also shown in the figure, it was found
that, while the supply curve mainly changes its slope by about as
large as twice of its average, changes in the demand curve’s slope is
comparatively moderate. On the other hand, the intercept of the
supply curve, or the lowest offering price, remains rather stable
(standard deviation 0.80 [ Yen/kWh] for its mean 11.02 [ Yen/kWh]),
while that of the demand curve, or the hightest asking price, can
change more significantly (std.dev. of 5.77 [ Yen/kWh] for its mean
19.78 [Yen/kWh]).
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Fig.3. Time-varying demand and supply curves estimated by
time-varying simultaneous-equations model (On-peak commodity
(14:00-14:30))

Fig.2. Price estimation result (OLS: Ordinary
Least Squares, KF: Kalman Filter)
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Estimation of Bid Curves in Power Exchanges using Time-varying
Simultaneous-Equations Models

Kenta Ofuji*, Member, Nobuyuki Yamaguchi*, Member

Simultaneous-equations model (SEM) is generally used in economics to estimate interdependent endogenous vari-
ables such as price and quantity in a competitive, equilibrium market. In this paper, we have attempted to apply SEM
to JEPX (Japan Electric Power eXchange) spot market, a single-price auction market, using the publicly available data
of selling and buying bid volumes, system price and traded quantity. The aim of this analysis is to understand the
magnitude of influences to the auctioned prices and quantity from the selling and buying bids, than to forecast prices
and quantity for risk management purposes. In comparison with the Ordinary Least Squares (OLS) estimation where
the estimation results represent average values that are independent of time, we employ a time-varying simultaneous-
equations model (TV-SEM) to capture structural changes inherent in those influences, using State Space models with
Kalman filter stepwise estimation. The results showed that the buying bid volumes has that highest magnitude of
influences among the factors considered, exhibiting time-dependent changes, ranging as broad as about 240% of its
average. The slope of the supply curve also varies across time, implying the elastic property of the supply commodity,
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while the demand curve remains comparatively inelastic and stable over time.
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Table 1. Coeflicients of structural equations estimated

with OLS (on-peak 14:00-14:30 commodity).

Coefficients of Structural Equations for On-peak commodity (14:00-14:30)

a [¥/kWh] 14.99 by [¥/kWh] 4.368
a [(FKWhY(MWh/h)]  0.0083 by [(WKWh)(MWh/h)]  -0.0258
@ [(WkWhY/(MWh/h)]  0.0025 b, [(WkWh)/(MWh/h)]  -0.0149
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Fig.2. Estimation results of average demand/supply
curves by simultaneous-equations model (on-peak 14:00-
14:30 commodity).
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Table 2. Estimation summary of reduced-form equation

for price.
Variable value
o1 (standard deviation of noise on 7;) 40x10°
oy, (standard deviation of noise on 7,) 3.0x10°
o, (standard deviation of noise on p*) 1.77
Index value
Log likelihood LLH -1362.78
Mean error from true prices (Kalman filter, ¥/kWh) 1.89
Mean error from true values (OLS, ¥/kWh) 2.02
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Fig.3. Coeflicients of reduced-form equations for system prices of the on-peak commodity (14:00-14:30).
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Fig.4. Gradient coefficients, a; , and b, ,, of structural equations of the on-peak commodity (14:00-14:30).
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