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I. Introduction

This study provides an examination of the portfolio selection problem when multiple active
managers are ‘blended’ into an overall portfolio structure, such as a fund-of-fund vehicle or
manager-of-manager arrangement. The issue of portfolio configuration is critically significant to
pension fund trustees, such that the fund’s investment function can be executed in an optimal and
cost-effective manner for the long-term benefit of members.'

In Australia and throughout the world, implementation of a pension fund’s investment strategy
typically involves delegating responsibility to external investment managers, who themselves
operate independently and competitively. In light of the fact that the portfolio management
function is commonly executed by a number of decentralized decision-makers, pension fund
trustees should be even more concerned about the need to ensure optimality of the aggregate
fund’s investment arrangements.

In the context of decentralized portfolio management, Sharpe (1981) provides an important
analysis of the problems associated with optimal portfolio management where multiple
investment managers are engaged by a single client. Elton and Gruber (2004) also argue that an
overall pension fund’s investment strategy is unlikely to be executed in an optimum fashion,
given that each component of the client’s portfolio is managed separately and independently of
the other fund managers.

While the purpose of combining different funds into the one portfolio structure is to provide
diversification benefits across investment process and style, diBartolomeo (1999) argues that
such an arrangement can adversely impact on the opportunity for the overall fund to outperform
appropriate benchmarks. In addition, given the decentralization of the investment arrangements
in pension fund management, there is an increasing probability that the alphas for each manager
utilized in the multi-manager structure will be correlated, and the outcome of combining active
managers will be sub-optimal. In terms of transaction costs ultimately borne by the pension
fund, there is the possibility that common managers in the multi-manager structure may be
counterparties to the same transactions, which therefore erodes the value in alpha forecasts and
leads to economic inefficiencies.



The purpose of this study is to empirically examine the potential problems associated with
decentralized portfolio management, where a centralized decision-maker (i.e. pension fund
trustees) delegates investment responsibility to a number of independent and competitive equity
fund managers. We perform the analysis with respect to a simulation analysis for a sample of
Australian equity managers using monthly portfolio holdings.

II. Data and Descriptive Statistics

We examine the issue of portfolio blending at the portfolio holdings level for active Australian
equity managers who have an ex-ante tracking error exceeding 100 basis points per annum. Our
sample comprises the monthly portfolio holdings of 38 institutional equity funds in the period
January 1994 to June 2002, sourced from the Portfolio Analytics Database. The funds represent
the largest publicly offered institutional products for each of the participating investment
management companies, and the funds are benchmarked to either the S&P/ASX 200 or 300
Accumulation Indices."

Our sample is representative of the Australian investment management industry and includes six
of the largest ten managers, six of the next ten, four from those managers ranked 21-30, and 14
managers from outside the largest 30. We also include funds with various investment styles (i.e.
value (12), growth (4), growth-at-a-reasonable-price (11), style neutral (11) etc.), and operated
by different types of companies (i.e. bank or life-office affiliated, boutique, large versus small
firms).

In addition to the use of portfolio holdings data, we obtain ASX SEATS data from the Securities
Industry Research Centre of Asia-Pacific (SIRCA), which includes stock price information for
valuation purposes at month-end, S&P/ASX historical index constituents and securities weights,
and industry classifications defined by the Global Industry Classification Standard (GICS®) for
each stock (which was developed jointly by S&P and MSCI).

Our first objective is to briefly examine Australia’s concentrated investment management
industry as well as the small number of ASX-listed stocks which dominate the market index.
The Australian market is very unique relative to many of the larger markets, in particular the
largest and most liquid capital market in the world — the United States. Concentration is
important from a portfolio blending perspective, because the narrower the set of choices of
stocks which can be held by portfolio managers within any given universe of securities, the
greater the probability that fund managers will hold similar portfolios of stocks.

In terms of aggregate manager size at March 2002, the largest five and 10 managers accounted
for approximately 45 percent and 69 percent, respectively. The largest 20 investment managers
in Australian equities control almost 90 percent of total industry assets. In terms of stock index
weights in the ASX All Ordinaries benchmark (the broadest equity market index), the size of
companies listed on the Exchange are also similarly concentrated. The largest stock in the index
accounts for an 8 percent weighting, and the aggregate proportion of stocks ranked as the largest
five, 10 and 20 stocks constitute approximately 30, 47 and 62 percent of the index.

Research by Brands, Brown and Gallagher (2003) using the Australian database shows that on
average, active equity managers hold 57 stocks, and a median of 50 securities. The standard
deviation of portfolio holdings for active equity managers is approximately 29. Due to the high
stock concentration amongst the largest Australian-listed stocks, active managers tend to hold the
majority of the largest stocks in the benchmark. We find that the proportional ownership of
stocks by active managers held in their portfolios and ranked in the largest 10, 20, 30 and 40
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stocks on ASX, this translates into funds holding 78%, 68%, 60% and 52%, respectively, of the
largest securities in their funds. In terms of the proportional positions held overweight according
to stocks ranked by size, the evidence indicates a monotonically decreasing function of active
bets held overweight, where the largest 10 stocks are held overweight 52 percent of the time and
the largest 40 stocks are held overweight 39 percent.

We report further descriptive statistics for our sample in Table I. We find that on average, fund
managers underweight the largest 5 stocks, particularly small and value managers. Fund
managers on average hold over four percent of their portfolio in stocks not listed in the index
(genuine small stocks, and also larger stocks which are later included in the index, IPOs). This
position is most substantial for large and value managers. Managers also tend to overweight
stocks 51-100.

Table I

For each monthly period in our sample, we sum the All Ordinaries Index weight for stocks within certain bands.
Next, after equally weighting managers we sum the difference between the manager weight and index weight in the
particular band. We measure this relative weight for just growth, value, GARP, and Style Neutral managers. Lastly,
we measure the relative weight for funds divided into quartiles, based upon size.

Relative Weight Position with Index
Index Style Q1 Q4
Weight  Allmgrs | Growth GARP Value Neutral | (Small) Q2 Q3 (Large)
Top5 31.4% -2.6% -1.0% -0.4% -5.2% -0.1% -3.9% -0.2% -4.5% -2.5%
5-10 13.6% 0.0% 1.8% 1.0% -1.4% 0.5% 0.4% 1.8% -0.8% -1.1%
11-20 13.2% -0.4% 3.6% -1.6% -2.0% 0.3% -0.6% 1.2% -1.0% -1.2%
21-50 18.8% -0.5% -0.9% -0.7% 0.2% -1.6% -0.3% -1.2% 0.2% -0.7%
51-100 11.6% 0.6% -0.6% -0.4% 1.1% 0.4% 2.6% -0.6% 0.9% 0.0%
101-200 9.3% -0.8% -3.1% -1.8% 1.4% -2.3% -1.1% -3.2% 0.7% 0.1%
200-Allords 2.2% -0.5% -1.7% -0.2% 0.1% -0.7% -0.7% -1.3% -0.1% 0.1%
Outside All 0.0% 4.3% 1.9% 4.1% 5.9% 3.4% 3.5% 3.4% 4.6% 5.4%

We also examine the trading activity of active managers in our sample, where portfolio turnover
is defined as the minimum of buys/sells divided by the average net assets of the fund. This
variable is important in estimating the frequency of trading, and therefore the potential overlap in
trading that might arise where the industry is highly concentrated in stocks and across
competitors. Using monthly data, we find that the funds turnover ratio is on average 1.16 times
fund assets per year, with a standard deviation of 0.39. This indicates that the managers in our
sample are highly active and turnover their securities on average more than once in any 12-
month period.

III. Empirical Results from Simulation Analysis

The aim of our first test is to quantify the level of erosion in the active bets of active Australian
equity managers using simulation analysis. For each month-end period, we sum the absolute
value of the difference between the manager’s weight and the index weight of constituent stocks
in the S&P/ASX All Ordinaries Index. This measure, expressed in percentage terms, provides an
overall analysis of the divergence of the aggregate portfolio’s holding from the underlying index.

Using simulation analysis, we select individual managers to participate in the aggregate portfolio
by equally weighting all funds within a single portfolio structure to a maximum of 10 managers.
The use of a “1/n Rule” in describing investor choice has been highlighted in a number of recent
studies." We perform a cut-off at 10 managers for a number of reasons, the two most important
being that the likelihood of more than 10 mandates appearing in a single pension fund intra asset
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class is low, as well as the empirical results showing that the magnitude of active bet size
decreases at a decreasing rate. Huberman and Jiang (2004) also confirm that 401k pension plan
investors select a relatively small number of funds, typically not exceeding three or four funds,
and this number is found to be insensitive relative to the number of choices available in the Plan.

We simulate each portfolio combination 500 times, drawing random managers each time as we
add to the aggregate portfolio without replacement. We average the difference in holdings both
across periods and across simulations. We also undertake this test using constraints on the
selection procedure according to a single investment style (namely growth, growth at a
reasonable price, and value) and ownership structure (whether bank affiliated or a boutique
manager). We also perform a portfolio selection procedure that is conditional on selecting funds
from the largest to smallest, smallest to largest, and best to worst performing managers.” A
portfolio with constituents completely different from the index would receive a value of two
using this measure, and a value of one represents a portfolio with half its weight contained within
the index.

Table 11

For each monthly period we sum the absolute value of the difference between the manager weight and the index
weight in stocks in the All Ordinaries Index. Next, we add other managers to our portfolio, equally weighting the
pension funds amongst the active managers. We then again sum the difference between the manager weights and
the index weights. We simulate this 500 times taking random managers each time to add to the portfolio, without
replacement. We average the difference in holdings across periods and across simulations. We also complete this
test for just growth, value, GARP, bank and boutique managers. Lastly, we complete the test taking the highest
performing managers over the prior 3 months, as well as the largest to smallest and smallest to largest managers.

The Total Difference in Manager Monthly Portfolio Weights from Index Weights

No. High to Low Large to Small to
Managers Random Growth Value GARP Boutigue Bank Performance Small Large
1 0.882 1.009 0969 0.844 0.865 0.826 1.068 1.053 1.073
2 0.691 0.838 0.807 0.682 0.692 0.672 0.893 0.843 0.823
3 0.611 0.768 0.725 0.598 0.612 0.599 0.806 0.726  0.691
4 0.562 0.724  0.681 0.552 0.562 0.550 0.743 0.651 0.640
5 0.530 0.651 0.521 0.529 0.521 0.688 0.612 0.607
6 0.505 0.625  0.501 0.503 0.501 0.641 0.575 0.585
7 0.487 0.609 0.486 0.484 0.488 0.599 0.563 0.565
8 0.473 0.597 0.475 0.469 0.476 0.563 0.535 0.541
9 0.461 0.588 0.466 0.456 0.467 0.534 0.517 0.531
10 0.451 0.580 0.458 0.445 0.460 0.507 0.502 0.519




Figure I

Summed Difference of Monthly Portfolio Holdings from Index

\ —&— Random

100% —#— Growth
Value
GARP

90% .

—+— Boutique
80% K
70%

Bank
60% \

High to Low Performance
50%

110%

—X¥— Large to Small
—@— Small to Large

Summed Difference

<

4

1 2 3 4 5 6 7 8 9 10
No. Managers

Consistent with the theory of portfolio selection and diversification, as new managers are
progressively added to the single portfolio structure, the difference between the aggregated and
equally weighted portfolio relative to the benchmark decreases. This is consistent with the active
bets on stocks for each individual manager being eroded by the positions taken in stocks by other
managers."

Table II and Figure I both reveal the rate of decay in a manager’s active bets relative to the
benchmark is similar for all managers, and managers affiliated with either a bank/life-office firm
or boutique managers. However, when we examine managers according to self-reported
investment style (particularly growth and value managers), the erosion is lower and indicates that
active managers implementing consistent styles tend to take similar bets in stocks with
comparable characteristics. The difference in the portfolio from the index is greater for the
highest performing managers, which is indicative of the fact that better performing managers
tend to have higher differentiation in their portfolio positions compared to the average manager.

We next extend our analysis by directly quantifying the change in unique portfolio holdings and
their impact on the multi-fund’s tracking error. An investor should expect that at the limit,
where successive active funds are added to the overall portfolio, the portfolio’s number of unique
stock holdings will gradually increase, and the level of tracking error volatility will decline. We
should also expect variation across fund selection practices, depending on whether the portfolio
is constructed within a single investment style or across investment styles. We construct multi-
fund portfolios using simulation analysis which is repeated 500 times without replacement each
for 1) portfolios selected as random constituents, 2) portfolios selected from within a certain
style of fund manager, 3) the largest to smallest and 4) smallest to largest managers.



Table 11T

We calculate the average number of unique stocks held by the combined portfolio as we add more managers. This
average is taken across monthly periods, and completed for 500 simulations. It is calculated for managers of a
certain style (Growth, Value, GARP, boutique and for managers affiliated with a bank, as well as for the high to low
performing managers, the large to small and small to large managers).

No. Unique Stocks in Monthly Portfolio Holdings

No. HightoLow Largeto Smallto
Managers Random Growth Value  GARP Boutigue Bank Performance  Small Large
1 47.66 29.55 44.58 54.90 42.45 51.33 37.71 55.44 34.47
2 75.47 42.55 69.77 87.43 65.29 78.57 63.58 89.97 58.41
3 95.18 49.50 8745 11025 80.52 98.49 79.31 110.60 81.85
4 109.42 5262 100.33 128.80 9246 115.65 94.56 127.06 96.40

5 122.07 110.80 142.65 10191 129.68 108.50 139.61 106.72

6 132.15 119.49 153.32 109.81 141.40 119.95 144.51 116.59

7 141.40 126.64 161.88 116.38 151.15 130.37 150.10 126.82

8 149.15 13251 169.55 121.94 160.76 135.14 156.46 136.14

9 157.01 13740 176.54 126.99 169.57 140.87 166.00 142.98

10 163.02 141,66 18253 131.09 177.60 146.10 171.08 148.80

Figure 11
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Table III shows that as successive funds are added to the single portfolio, the number of unique
stocks added to the portfolio increases at a decreasing rate. An interesting issue is that the
average growth manager holds a significantly smaller number of stocks in their portfolios
relative to managers implementing other investment styles. This illustrates that growth managers
hold more concentrated portfolios. Value managers and boutique managers also tend to hold less
unique stocks than the average manager, in contrast to GARP managers and managers affiliated
with banks, which tend to exhibit more diverse stock holdings. Unsurprisingly, large managers
also tend to hold a higher number of stocks compared to small managers, which is consistent
with a large manager attempting to minimize market impact costs from trading large positions.



Table IV

We calculate the tracking error of the portfolio with respect to the Australian All Ordinaries using monthly returns.
As we add more managers (keeping them equally weighted), we average their performances to create the portfolio
performance, to determine the tracking error of the portfolio. Once again, we simulated this 500 times for random,
growth, value, GARP, bank and boutique managers, as well as for the best to worst performers, the largest to
smallest and smallest to largest managers.

Tracking Error using Monthly Portfolio Returns

No. HightoLow Largeto Smallto
Managers Random  Growth Value GARP Boutique Bank Performance  Small Large
1 1.43% 1.18% 1.50% 2.24% 1.29% 1.61% 5.44% 1.49% 1.68%
2 1.15% 1.03% 1.25% 1.68% 1.04% 1.32% 2.84% 1.23% 1.23%
3 1.00% 1.00% 1.12% 1.40% 0.90% 1.20% 2.00% 1.36% 0.97%
4 0.92% 1.00% 1.02% 1.23% 0.81% 1.08% 1.58% 1.88% 0.86%
5 0.86% 0.95% 1.12% 0.73% 1.00% 1.36% 1.65% 0.79%
6 0.83% 0.89% 1.05% 0.66% 0.95% 1.21% 1.43% 0.81%
7 0.78% 0.85% 0.99% 0.63% 0.90% 1.11% 1.28% 0.77%
8 0.75% 0.81% 0.94% 0.59% 0.86% 1.00% 1.18% 0.72%
9 0.73% 0.77% 0.89% 0.57% 0.83% 0.94% 1.10% 0.70%
10 0.71% 0.73% 0.84% 0.54% 0.81% 0.90% 1.05% 0.53%
Figure I11
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Table IV and Figure III show the effects on tracking error where funds are added to the single
The evidence shows a significant deterioration in tracking error. By
definition, a tracking error of zero is equivalent to the underlying benchmark, and as more funds
are added to the portfolio on an equally weighted basis, tracking error magnitude erodes by a
factor of at least half of the one fund case where a portfolio comprises 10 funds (except growth
funds and high-to-low performing fund categories). The tracking error of boutique managers
(which is also highly correlated with manager size) also decreases significantly. The evidence
presented shows that active manager blending can have significant implications for the ability of
active management to earn superior returns to the benchmark.

portfolio structure.



Our analysis next provides an examination of the potential for active funds to trade as
counterparty to one another within a single portfolio structure. During a certain period, if one
manager was to purchase a certain stock, while simultaneously another manager sold the same
security, this would result in zero net change to the overall portfolio’s exposure of the security.
However, engaging in a transaction where two managers are the buyer and seller incurs two
separate brokerage commissions attributable to the same parcel, as well as the crystallization of
capital gains/losses on the sale of stock. The propensity for cross-trading between commonly
held funds managers by the single portfolio structure will be amplified where the securities
market is highly concentrated and where the number and size of participants offering investment
services is not highly diverse. This situation is of particular concern in Australia, and represents
an interesting empirical problem that can be answered using a unique and highly granular dataset
of the holdings and trades of active investment managers.

We calculate the level of net trades of managers (where the buys of one manager in a certain
stock are negated by the sells of another manager in that same stock) divided by the total trades
(buys plus sells) of the managers. We calculate this for a single portfolio manager, and then add
managers progressively until 10 managers are included in the overall portfolio structure. We
simulate this 500 times, equally-weighting across monthly periods for the funds in our sample.

Table V

We calculate the level of the net monthly trades of managers (where the buys of one manager in a certain stock are
negated by the sells of another manager in that same stock) divided by the total monthly trades (buys plus sells) of
the managers. Once again, we calculate this for a portfolio of one manager (yielding a value of one, as the net trades
must equal the total trades), and then add managers until we have ten managers in the portfolio. We simulate this
500 times, averaging across periods, in order to get a good average measure across various managers.

The Total Portfolio Net Trades as a Proportion of Monthly Total Trades

No. High to Low Largeto Smallto
Managers Random Growth Value @ GARP Boutique Bank Performance Small Large
1 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
2 0.917 0.941 0.924 0.909 0.916 0.913 0.930 0.924 0.943
3 0.863 0.910 0.874 0.854 0.861 0.857 0.880 0.855 0.887
4 0.823 0.898 0.838 0.817 0.825 0.815 0.841 0.808 0.845
5 0.793 0.812 0.789 0.796 0.784 0.814 0.770 0.809
6 0.768 0.790 0.767 0.773 0.760 0.782 0.750 0.785
7 0.748 0.774 0.753 0.756 0.741 0.753 0.739 0.763
8 0.730 0.759 0.741 0.740 0.725 0.743 0.722 0.745
9 0.714 0.747 0.730 0.728 0.711 0.728 0.715 0.732
10 0.702 0.736 0.721 0.717 0.698 0.714 0.701 0.715




Figure IV

Potential Reduction in Trading based on Monthly Australian Active Equity Fund Holdings
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Tables V shows the proportion of fund assets where common managers buy and sell the same
securities within a one-period window. Our measure of net monthly trading in specific securities
is quantified as follows. Using an equally weighted portfolio methodology, we identify all trades
in particular stocks executed by individual managers, and then take the difference between buys
and sells, and then divide by the total market value of trading (i.e. buys plus sells). For the one
manager case, by definition there are no competing or contradictory trades from using other
managers. However, once we progressively configure a multi-fund portfolio of active managers,
the evidence suggests that an economically significant proportion of the trades executed by
individual managers are fractionally reversed by the trades of other managers in individual
stocks. Given that individual managers are themselves competitors, and execute their trade
strategies without reference to one another, where these funds are combined into a single
portfolio, the aggregate fund incurs unnecessarily high transaction costs.

Figure IV shows that if 10 managers are included in a single portfolio, then if unnecessary
trading was excluded, the multi-fund structure would save approximately 30 percent of their
trading costs for a 10 manager portfolio. The extent of overlap in trading is not as substantial for
growth managers, which suggests that growth managers tend to trade more often in the same
direction as other growth managers (although we also recognize that our sample of growth
managers is very small).

For comparison purposes, we also examine cross-trading between managers across individual
industries, and these results are presented in Table VI and Figure V. Given this approach relies
on aggregating stocks into larger groups, one should expect our measure will increase the
probability of the sector bets of active managers being fractionally unwound by other funds in
the multi-fund portfolio. We can identify that this is indeed the case, and at the 10 manager
portfolio, the erosion is between 35 and 40% (excluding Australian growth funds).



Table VI

We calculate the level of the net monthly trades of managers at an industry level (where the buys of one manager in
a certain industry are negated by the sells of another manager in that same industry) divided by the total monthly
trades (buys plus sells) of the managers. Once again, we calculate this for a portfolio of one manager (yielding a
value of one, as the net trades must equal the total trades), and then add managers until we have ten managers in the
portfolio. We simulate this 500 times, averaging across periods, in order to achieve a good average measure across
various fund managers.

The Total Portfolio Net Industry Trades as a Proportion of Monthly Total Trades

No. High to Low Largeto Small to
Managers Random  Growth Value GARP  Boutique Bank Performance Small Large
1 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
2 0.857 0.905 0.857 0.851 0.852 0.860 0.864 0.846 0.858
3 0.783 0.868 0.786 0.777 0.777 0.789 0.792 0.750 0.787
4 0.734 0.852 0.743 0.731 0.729 0.741 0.744 0.701 0.733
5 0.702 0.712 0.698 0.694 0.709 0.700 0.669 0.691
6 0.677 0.692 0.680 0.670 0.687 0.666 0.655 0.665
7 0.655 0.675 0.664 0.650 0.668 0.637 0.644 0.641
8 0.639 0.661 0.654 0.635 0.654 0.644 0.639 0.624
9 0.624 0.651 0.649 0.623 0.642 0.631 0.633 0.612
10 0.613 0.642 0.646 0.612 0.630 0.621 0.617 0.598
Figure V

Potential Reduction in Industry Trading based on Monthly Australian Active Equity Fund
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IV. Conclusion

We examine the potential impact of manager configuration or portfolio blending strategies that
might be adopted by pension fund trustees or multiple manager providers. Using simulation
analysis with month-end portfolio holdings for actively managed Australian equity managers, we
provide an analysis of the various portfolio blends that might arise when additional active equity
portfolios are added to a single portfolio structure.

We document significant erosion in the active bets of stocks held in blended portfolios, although

blending within style specific categories shows less pronounced deterioration in the net active
exposures across stocks for fund-of-fund structures. Overall, active portfolio blending, in terms
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of portfolio composition and fund performance, potentially represents a potentially significant
economic efficiency problem. At the limit, as active managers are blended together in a single
portfolio structure, the opportunities to generate positive alpha diminish, and net portfolio returns
from this strategy will be inferior to that of a passively managed fund after costs.

In addition, a significant problem for fund-of-fund portfolios utilising the services of active
managers is that given the high frequency of trading, there is the chance that single portfolio
structures engaging common managers will actively trade with one another. If this arises, the
overall fund structure incurs unnecessary trading costs (e.g. brokerage) and the crystallisation of
tax liabilities, for no net change in beneficial ownership.

In this study, we use simulation analysis to document that up to 30 percent of trading in any
month is performed by two managers who comprise a blended portfolio. Improved efficiencies
in active portfolio design are most likely to be achieved where an agent is permitted to construct
and maintain a single portfolio structure comprising active managers that does not erode the
active investment opportunities offered by these institutions. Future research is currently
examining these issues.
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ENDNOTES

' An interesting Australian study examining mandate selection by Australian superannuation funds by Parwada and
Faff (2004) identifies the allocation process is principally determined on the basis of high performance quality and
low management expenses. Their study also finds that larger fund managers, as well as bank-operated funds
management institutions are more highly preferred to other organizations. Mandates are also allocated by pension
fund trustees ensuring that investment styles across the individual mandates are diversified within the overall
pension fund structure.

ii The ASX All Ordinaries Accumulation Index is applicable as the appropriate benchmark prior to 3 April 2000.
Post the index change to 30 June 2002, the correlation in returns between the new All Ordinaries, 200 and 300
benchmarks is extremely high (>0.995), which further highlights the high concentration of stocks in existence on the
Australian Stock Exchange.

" See Benartzi and Thaler (2001) and Elton, Gruber and Blake (2004).

" We calculate performance over the prior 3 months.

¥ Our analysis also considered the impact of portfolio erosion in simulated fund-of-fund structures by classifying
individual stock holdings into industries. The results are similar to our findings based on the stock-level analysis.
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