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Models are Built to Adapt to Economic Context

1960s 1993 2005 2019 2022

• Research Department 
Experimental (Forecasting) 
model;

• RDX: based on Keynesian 
theory and demand side

• RDX2: after 1973-74 oil 
shock, model supply side

RDX, RDX2, RDXF • Quarterly Projection 
Model

• Forward-looking 
expectations

• Endogenous policy
• Stock-flow dynamics

• Terms-of-Trade 
Economic Model

• Large Empirical and 
Semi-structural Model

• Two main updates of 
ToTEM

New macro modelling 
paradigm

QPM

ToTEM, 
ToTEM2, LENS, 
ToTEM3

Source: https://www.bankofcanada.ca/2017/01/models-art-science-making-monetary-policy/

• Introduction of IT regime
• Major fiscal adjustment 

issues

• Large-scale DSGE models for 
terms-of-trade shocks

• Household debt consideration• Key shocks 

• Suite of state-of-the-
art macro models
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https://www.bankofcanada.ca/2017/01/models-art-science-making-monetary-policy/


Some Progress Made within DSGE framework

DSGE Enhanced DSGE
(Next Generation)

Representative agents TANK, HANK

Solved at the aggregate level

Rational or model-consistent 
expectations

Bounded rationality through 
myopia or limited foresight

Agents optimize given 
expectations 

Match the historical evolution 
of variables
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Research from Het-Lab & Inflation-Target Renewal

Optimal policy under HANK

o Optimal monetary policy and inequality.  - Acharya, Challe and Droga (2020)

Distributional impact of monetary policy

o Labor heterogeneity. -Kuncl and Ueberfeldt (2021)

o Cost of inflation - Cao, Meh, Rios-Rull, Terajima (2021)

Alternative expectation

• Limited foresight and optimal stabilization policies - Woodford and Xie (2021)

• Horse Race of history-dependent policies under bounded rationality – Wagner, Schlanger and 

Zhang (2021)
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Consider ABM into NextGen Model Suite

DSGE Enhanced DSGE
(Next Generation)

CAN-ABM*
(Next Generation)

Representative agents TANK, HANK Heterogeneous agents

Solved at the aggregate level Solved numerically at the agent 
level

Rational or model-consistent 
expectations

Bounded rationality through 
myopia or limited foresight

Bounded rationality in 
expectations

Agents optimize given 
expectations 

Agents use simple heuristics 
calibrated to data

Match the historical evolution 
of variables

Match historical evolution of 
macro variables and reproduce 
stylized facts
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Agents & Markets in CAN-ABM

Heterogenous Households Heterogenous Firms

Rest of the world 

➢ 350K agents interact (1:100)
➢ Current and capital accounts 
➢ Employment and labour 

characteristics

➢ 13K firms (1:100)
➢ Input-Output Tables 
➢ National accounts
➢ Census and business demography

Financial 
firms

Fiscal Policy 

Expectations 

Monetary Policy

Expectations
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Multi-sector Production Network

Firm i produces Yi,t with Leontief 
technology using labour Ni,t , intermediate 

inputs Mi,t and capital stock Ki,t-1 :
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𝑌𝑖,𝑡 = 𝑚𝑖𝑛 𝑄𝑖,𝑡
𝑠 , 𝛼𝑖,𝑡𝑁𝑖,𝑡 , 𝛽𝑖,𝑡𝑀𝑖,𝑡 , 𝜅𝑖,𝑡𝐾𝑖,𝑡−1

𝜋𝑖,𝑡
𝑐 =

ቀ1 + 𝜏𝑆𝐼𝐹)ഥ𝑤𝑖

ത𝛼𝑖

ത𝑃𝑡−1
𝐻𝐻

𝑃𝑖,𝑡−1
− 1

𝑾𝒂𝒈𝒆

+
1

𝛽𝑖

σ𝑔𝜶𝒔𝒈 ത𝑃𝑡−1
𝑔

𝑃𝑖,𝑡−1
−1

𝑷𝒓𝒐𝒅𝒖𝒄𝒕𝒊𝒐𝒏 𝑰𝒏𝒑𝒖𝒕𝒔

+
𝛿𝑖
𝜅𝑖

ത𝑃𝑡−1
𝐶𝐹

𝑃𝑖,𝑡−1
− 1

𝑭𝒊𝒏𝒂𝒏𝒄𝒊𝒏𝒈 𝑪𝒐𝒔𝒕

Accommodation 
and food services

Manufacturing

Arts, entertainment 
and recreation

Transportation 
and warehousing

Mining, 
quarrying, 
and oil and 
gas 
extraction

Agriculture, 
forestry, 
fishing and 
hunting

Retail 
trade
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(b)

𝑄𝑖,𝑡
𝑠

𝑃𝑖,𝑡

𝑄𝑖,𝑡
𝑑

𝑹𝒆𝒅𝒖𝒄𝒆 𝒊𝒏𝒗𝒆𝒏𝒕𝒐𝒓𝒚

𝑷𝒓𝒐𝒅𝒖𝒄𝒆 𝒎𝒐𝒓𝒆

(a)

(c)

𝐴𝐶

ത𝑃𝑡
𝑔

(d)

Source: Delli Gatti, D., Desiderio, S., Gaffeo, E., Cirillo, P., & Gallegati, M. (2011). The Market for Consumption Goods. In 
Macroeconomics from the bottom-up (pp. 54–57). essay, Springer Milan. 

Firm Quantity and Price Setting 
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(b)

(d)

𝑄𝑖,𝑡
𝑠

𝑃𝑖,𝑡

𝑄𝑖,𝑡
𝑑

𝑹𝒆𝒅𝒖𝒄𝒆 𝒊𝒏𝒗𝒆𝒏𝒕𝒐𝒓𝒚

𝑷𝒓𝒐𝒅𝒖𝒄𝒆 𝒎𝒐𝒓𝒆

(a)

(c)

𝜋𝑖,t
𝑑= ቊ

𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒, 𝑖𝑓 optimistic about demand and price is competitive
𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒, 𝑖𝑓 positive inventory but charged higher price than average

𝐴𝐶

ത𝑃𝑡
𝑔

𝑰𝒏𝒄𝒓𝒆𝒂𝒔𝒆𝒑𝒓𝒊𝒄𝒆

𝑪𝒖𝒕 𝒑𝒓𝒊𝒄𝒆

Firm Quantity and Price Setting 



Adaptive Learning 

• Behavioral learning equilibrium (BLE) (Hommes and Zhu [2014])

o Actual law of motion of the economy high dimensional linear stochastic system

o But agents don’t fully recognize this structure 

• Expectations on GDP growth and inflation are formed using AR(1): 
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1 + 𝜋𝑡
𝑒 = e𝛼𝑡

𝜋𝜋𝑡−1+𝛽t
𝜋+𝜖𝑡

𝜋

𝑃𝑖,𝑡 = 𝑃𝑖,𝑡−1 ∙ 1 + 𝜋𝑖,𝑡
𝑐

𝑆𝑢𝑝𝑝𝑙𝑦 𝑐ℎ𝑎𝑛𝑛𝑒𝑙

∙ (1 + 𝜋𝑖,𝑡
𝑑 )

𝐷𝑒𝑚𝑎𝑛𝑑 𝑐ℎ𝑎𝑛𝑛𝑒𝑙

∙ 1 + 𝜋𝑡
𝑒

𝐼𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛 𝑒𝑥𝑝𝑒𝑐𝑡𝑎𝑡𝑖𝑜𝑛
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“In principle it might even be possible to create an agent-based economic 

model capable of making useful forecasts of the real economy, although 

this is ambitious ... like climate modelling, [it’s] a huge undertaking.” 

(Farmer & Foley, 2009)



Out-of-Sample Forecasts Outperform VAR(1) 

Note: RMSE-statistic for main aggregates from ABM simulations in comparison to VAR(1) and AR(1) models for the 
forecast period from 2010:Q2-2019:Q4 for Canada. 

13Source: Model simulations, Statistics Canada



Useful Tool For Developing Macro Scenarios

14
Source: Model simulations, Statistics Canada

Data                         Baseline



Useful Tool For Developing Macro Scenarios
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Data                                               Baseline
Demand shock                              Demand shock & Trade shock

Source: Model simulations, Statistics Canada
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Simulated Price Distribution (2019Q4 = 100)

Source: Model simulations
Manufacturing
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Simulated Price Distribution (2019Q4 = 100)

Transportation and warehousing Retail trade

Source: Model simulations
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Simulated Price Distribution (2019Q4 = 100)

Source: Model simulations

Manufacturing                        Retail trade                    Transportation and warehousing
Arts, entertainment and recreation                  Accommodation and food services



Measuring Labour Market Condition Essential for CBs
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Source: Ens, Savoie-Chabot, See and Wee (2021), “Assessing Labour Market Slack for Monetary Policy” 
Last observation: 2021 Q3



ABM Could Provide Some Insights for Inclusive Recovery
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Sectoral Male unemployment rate (%): aged 15-24         ---- aged 25-54                               aged 55 and over

Sectoral female unemployment rate (%) : aged 15-24  ---- aged 25-54    aged 55 and over

Source: Model simulations



• CAN-ABM offers a complementary tool to DSGEs for central bank policy analysis

o Rich household and firm heterogeneity 

o Nonlinear effects 

o Competitive out-of-sample forecasting performance 

• Strength in realistic expectation formation and behavior modelling 

o Bounded rationality

o Crucial for monetary policy transmission

• Great potential for policy analysis & scenario building 

o Climate scenario

Visions
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