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Productivity and Misallocation

Living standards largely determined by productivity (output per input)
We observe big productivity differences across countries

Most of this productivity differences are due to inefficient use of resources
How you use your inputs sets your living standards

If your inputs doesn’t flow to their most productive uses: Misallocation
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But what prevents them flowing to their most productive uses? Distortions
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Potential Causes of Misallocation

Different taxation of the producers of the same good

Tax code that is different across producer characteristics (size / age of the firm)
Tariffs on specific products

Labor market regulations

Land regulations

Financial choices: low interest loans to some specific firms, subsidies, etc.

® 6 6 6 6 o o

Market imperfections: Monopoly power, market frictions, property rights
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Is Our Spending on Energy Maximizing Productivity?

Energy is a key input to production!

Provinces and sectors face different energy prices due to
e regulation,
e infrastructure,
e energy policy.

Do these price differences reduce productivity? If so, by how much?

How do these reductions compare to those from capital and labor?
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Why Study Energy Misallocation?
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Energy policy affects both emissions and productivity.

Energy policy differs across provinces, setting how much money goes into energy.
If energy cannot flow to where it is most productive, output is lower.

Output losses persist if energy policy makes sectoral and provincial prices different.

In Canada, climate policy is getting tighter while productivity growth is weak.
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Why Study Energy Misallocation?

Energy is unique in several ways
@ Energy is less mobile, so price differences are persistent.
@ Regulation, infrastructure, and market design shape energy prices
@ Energy prices are more sensitive to global shocks
o It is difficult and costly to store electricity — demand-driven price volatility

@ Energy is a key input: Price distortions lower productivity in the entire economy.
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Share of Manufacturing Sector

@ Manufacturing sector is in the focus, but Canada’s economy is service-based.

@ Services, transportation, and utilities play a key role in emissions and productivity.

Country Manufacturing Share (% of GDP)
China (2023) 25.5
India (2023) 13.0
USA (2023) 10.3
Canada (2014-2020 avg.) ~10.0

Source: World Bank

@ | cover full economy & sector-by-province level & provincial input-output tables.
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Why Canada? & Why Province-Sector Level?

@ Provinces differ in energy policy —
fragmented markets.

@ High variation in energy prices, Canada’s Input Shares (Sector
infrastructure, and regulation. Level)

(carbon-pricing heterogeneity)

0,
@ Limited interprovincial trade — persistent Input  Share (%)

spatial misallocation due to infrastructure Labor 60-65
bottlenecks and vast geography Capital 25-30
@ Internal trade studies show sizable Energy 5-10

productivity losses (3-7%) — Spatial
dimension is important in this context.?

Author’s calculations.
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Preview of the Results

How large are the losses?
e ~5-8% potential productivity loss overall (2014-2020)
@ Decomposition: More than half of the loss comes from interprovincial frictions
o Further decomposition:

o Capital dominates between-sector losses: up to 4% output loss

e Energy accounts for up to 2% output loss — disproportionately large relative to
its small input share.

e Labor accounts for less than up to 1% output loss
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Preview of the Results

Why energy matters?
@ Energy accounts for <10% of costs
@ But up to 2% of aggregate output loss is due to energy misallocation (of 5 - 8%)
@ Per dollar, energy misallocation generates larger productivity losses (than
misallocation of capital or labor).
e Energy misallocation acts as a persistent bottleneck, offsetting
productivity gains elsewhere.
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Why This Matters

Efficient spending on energy could improve productivity while reducing emissions
Interprovincial differences and inefficiencies are very costly
Coordination is as important as having advanced technology for productivity

Harmonized energy policy could yield large productivity gains and reduce emissions
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Contribution

e First comprehensive estimate of productivity loss due to energy misallocation
in Canada at sector-by-province level.

o | focus on energy as an essential input and show its disproportionately large effect
on aggregate productivity — equally (even more) important to capital or
labor.

@ Quantifies productivity loss from energy misallocation across regions and sectors
— adding spatial dimension

@ Connects output gaps and climate goals: Optimal energy use boosts
productivity and reduces emissions.
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StatsCan Provincial Input—Output Tables (2014-2020).

Coverage: 230+ sectors across 10 provinces.

Inputs: Money spent on
o Energy (Oil and Gas, Electricity, Coal etc.),
e Capital (Gross mixed income),
o Labor (Wages and salaries, Employers’ social contributions).

Sector-by-province level variation.

Energy share in inputs varies widely by province and sector.
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Conceptual Framework: Intuition

@ In an efficient economy, inputs are used where they generate the highest value.
@ In practice, input prices differ across provinces and sectors.
@ As a result, similar sectors with similar technologies use energy in different amounts.

@ These differences make the economy operate below its full productive potential.
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Conceptual Framework: Method

@ | compare observed productivity to a benchmark, where productivity is maximized
o Benchmark: Each additional input yields the same value in each province-sector.

@ This allocates inputs based on the value they create.
o Inputs should flow to province-sectors where they create the highest value.

@ When the same input generates different values across units, it is misallocation.

@ The larger differences correspond to larger productivity losses in the model.
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Conceptual Framework: Model Background

The analysis builds on the Hsieh—Klenow (2009) misallocation framework.

The model is extended to include energy alongside capital and labour.
Distortions operate at the province—sector level rather than the firm level.

These distortions reflect differences in policy, prices, infrastructure, and regulation.

e 6 6 o o

The model allows a clean decomposition of productivity losses into:

o Interprovincial (within-sector) effects
o Intersectoral (within-province) effects
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Dispersion of Marginal Productivity 2014 vs. 2020

Marginal Returns to Inputs from 2014 to 2020

—— MRPK (2014), Var=0.445
-—- MRPK (2020), Var=0.377
2.01 —— MRPL (2014), Var=0.107
=== MRPL (2020), Var=0.103
—— MRPE (2014), Var=0.337
15 ——- MRPE (2020), Var=0.340
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Log Marginal Revenue Products Relative to Sectoral Averages
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Total Productivity (TFPR) Dispersion by Province

TFPR Dispersion by Prov. - 2014 (Trimmed bottom and top 1%) TFPR Dispersion by Prov. - 2020 (Trimmed bottom and top 1%)
20.0
17.5 4 Province (ranked by Std.) Province (ranked by Std.)
ON (std =0.037) 17.5 ON (Std.=0.038)
15.0 QC (Std.=0.041) Qc (std.=0.056)
BC (Std.=0.073) 15.0 BC (Std.=0.056)
12.5 A —— PE (Std.=0.075) —— AB (Std.=0.062)
—— AB (Std.=0.084) 12.5 1 —— NB (5td.=0.078)
2 100 —— NS (Std.=0.094) > —— NS (Std =0.086)
g —— NL (Std.=0.105) g 10.0 4 —— PE (Std.=0.092)
8 151 —— SK(Std.=0.110) 8 —— MB (Std.=0.102)
. —— NB (5td =0.118) 754 5K (Std =0.107)
—— MB (5td.=0.131) —— NL (Std.=0.123)
5.0 1 5.0 -
2.5 254
0.0 - - . . . 0.0 : : T y * y T
0.4 0.6 0.8 10 -0.2 0.0 0.2 0.4 0.6 0.8 1.0
In(TFPR,,/TFPR;) In(TFPR;/TFPRs)

@ ON, QC: lowest misallocation, though QC worsens over time.
e AB, BC: some improvement.
e NB, MB, SK: persistently higher misallocation.
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Aggregate Productivity Gains

Table: TFP Gains from Input Reallocation (in %), 2014-2020

Component 2014 2015 2016 2017 2018 2019 2020
Total Misallocation 805 6.46 490 484 528 574 5.08
Between-sector Misallocation 396 225 127 153 153 196 1.63
Capital 180 122 055 066 071 0.88 0.83
Labor 0.78 050 036 037 039 037 046
Energy 143 055 036 050 045 073 0.34
Within-sector Misallocation 426 431 367 337 381 386 3.50
Capital 133 127 175 136 171 185 1.33
Labor 255 276 126 154 169 154 173
Energy 153 167 114 093 109 098 0.81

Notes: Results are based on a conservative elasticity of substitution across provinces assumption, o = 3,
yielding lower-bound estimates of potential gains.
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What would fix energy misallocation

Removing interprovincial barriers including energy trade
Energy policy & pricing harmonization
Infrastructure investment

More aligned decarbonization policies

Energy efficiency is not just about emissions—it is a key productivity issue.
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Key Takeaways

Total productivity loss due to misallocation: 5 - 8%

Most of this loss comes from interprovincial distortions (trade, regulation)
Energy accounts for one-third of the loss (2%) with an input share < 10%.
Labor is the most efficiently used input: Less than 1% of the loss

Energy coordination 4+ market integration — productivity gains + low emissions
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Thank You! ©

Questions and comments are very welcome.
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Appendix: Economic Environment Assumed

e National output is single final good produced by Cobb-Douglas technology over

sectoral outputs:
s
PsY:.
Y=|]YEs 6.==22 0s =1
v o.-5 %

S

@ Each sector s is CES across provinces i:

o1\ o1
Y, = (ZYS," )

— Note that o is constant and representing imperfect substitution parameter
between provinces.

Anil Gogebakan (UCalgary & Cardiff Univ.) The Role of Energy Efficiency in Productivity February 27, 2026



Appendix: Production Technology

@ Sector-by-province output also have Cobb—Douglas technology with three inputs:
Yo =AqKPLEEY, os+ B+ =1
@ Inputs: capital K, labor L, energy E. Then profit, 4, is given by:
Tsi = PsiYsi — (14 Tksi)rK — (1 + 7si)wl — (1 + 7es)peE

e Distortions (7s) enter as wedges in input prices.
— Marginal revenue products (MRP) are distorted.
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Appendix: Productivity Measures

@ Revenue Total Factor Productivity (TFPR):

P si Ysi
Kgs LBS Es'}l/s

si

TFPR,; =

TFPR,; < (MRPK,;)**(MRPL4;)% (MRPE;)":
o¢ (14 7y ) (1 + 71,)* (1 + 76,
@ TFPR = geometric average of MRPs under Cobb—Douglas.

e Higher dispersion = greater productivity loss.

o Key insight: TFPR dispersion = misallocation.
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Appendix: Sectoral Productivity Loss Under Misallocation

Observed Sectoral TFP, A, to efficient benchmark TFP, A} ratio.

1

[ P - o—17 o—1

A _ |5 (s (MRPR.N" (TIRPL, ’ ( MRPE,\" 1
A: N A: \ MRPK;; MRPL; MRPE;;

i

MRPXS = Zi XSi M XSi where X € K, L E
MRPX, 1

where X € {K, L, E}

MRPXsi (14 7x,) X trmcy BV
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Appendix: Aggregate Productivity Loss (and Decomposition)

@ National productivity loss decomposed into:

A As 0s ks Qs ls Bs e Vs 0s
- 1(%) XU((E) (%) (?:))

——— -~ v

Within-sector misallocation Between-sector misallocation

e Within-sector: across provinces in a sector (interprovincial).

@ Between-sector: across sectors in the economy (intersectoral).
e TFPR dispersion — misallocation

o Larger dispersion — larger loss

@ Decomposition possible by input and province (spatial level)
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Appendix: Measuring Input-Specific Distortions

@ Recall that (under Cobb-Douglas):
MRPKy; = o, 22 Bs¥st = (14 74 )r

e Taking logs and subtracting In(r) and rearranging:

In(MRPKy) ~In(r) ~ In(%5*) ~ In(a.) = In(E2%)

€sj 50 sector FE

In(Z22) = o+ >t e

o Interpretation: Dependent variable = revenue—to—capltal ratio; intercept =
common parameters; sector FE absorb averages; residuals e capture dispersion =
variance of residuals measures misallocation.

o Regression:
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Appendix: Aggregate Productivity Gains (o = 7)

Table: TFP Gains from Input Reallocation (in %), 2014-2020, 0 =7

Component 2014 2015 2016 2017 2018 2019 2020
Total Misallocation 940 751 581 572 685 652 581
Between-sector Misallocation 396 225 127 153 153 196 1.63
Capital 180 122 055 066 071 0.88 0.83
Labor 0.78 050 036 037 039 037 046
Energy 143 055 036 050 045 073 0.34
Within-sector Misallocation 566 539 460 426 540 465 4.25
Capital 512 330 489 429 728 441 351
Labor 585 551 335 421 549 375 3.82
Energy 327 336 236 223 337 207 185

@ Potential gains: 9.4% (2014) — 5.8% (2020).

@ _\V\ithin-sector misallocation en an
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Appendix: Measurement Error

Table: Regression of Revenue on Input, 2014-2020

Variable Coefficient Std. Error
Constant -0.0590 0.0031
log(inputs) 0.9694 0.0011
Observations 13594

R2 0.982

Notes: The table reports coefficients from regressing log revenue, In(Ps; Ys;), directly on log
inputs, In((rKs)s(wLs;)% (peEs)). All years are pooled for estimation. All variables are
measured relative to the sectoral mean, with sectors weighted by value-added shares.

— Up to 3% is due to measurement error. See Hsieh and Klenow (2009) for more
details.

Anil Gogebakan (UCalgary & Cardiff Univ.) The Role of Energy Efficiency in Productivity February 27, 2026



Appendix: Measurement Error
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Log Coefficients vs Log(TFPR) by Decile
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Figure: Log Coefficients vs Log(TFPR) by Decile

Notes: The figure plots the regression coefficients estimated from regressing revenue growth,
AlIn(PgYs), on input growth, Aln((rKs)®s(wls)?(peEs)?), across deciles of log TFPR. See Bils
et al. (2021) for further details.
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