
Public Investment and Debt Sustainability in Low-Income
Countries

Hands-on Session

Ricardo Marto
Research Department

This work benefitted from financial support of the U.K.’s Department for International Development (DFID). The
views expressed in this presentation are those of the authors and should not be attributed to the IMF, its Executive

Board or its Management, nor to DFID.

Naivasha, Kenya
May 19, 2016

Ricardo Marto (RES) DIG’ing May 19, 2016 1 / 34



Outline

1 A brief introduction to Matlab programming

2 The Debt, Public Investment, and Growth (DIG) Model in practice

A Matlab-Excel template

Running scenarios

Do-it-yourself I

Ricardo Marto (RES) DIG’ing May 19, 2016 2 / 34



Introduction to Programming Matlabing

What you will face...

Ricardo Marto (RES) DIG’ing May 19, 2016 3 / 34



Introduction to Programming Matlabing

What you will face...

Current folder: Shows the files contained in your current folder.

Editor: Shows a file containing a series of commands (usually with the extension .m). The
code written in the Editor can be run by pressing the F5 key or clicking on the green
triangle icon in the Editor tab above.

Command Window: Allows you to type in any input (commands with instructions) and
shows the output of any requested operation.

Workspace: Stores the objects created by your code (e.g. variables).They can be accessed
by double-clicking on their icons or by typing the object’s name in the Command Window.
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Introduction to Programming Matlabing

A few examples of code...

Type the following on your Command Window:

1 % Crea t i n g your f i r s t v a r i a b l e s
2 x = 4+7;
3 y = x ^2;
4

5 % Crea t i n g your f i r s t mat r i x
6 M = [ x 1/x ; y 1 ] ;
7 N = M .∗ eye (2 ) ; % i s a 2x2 d i a g on a l mat r i x
8 [ rows columns ] = s i z e (M) ;

1 % Crea t i n g your f i r s t f i g u r e
2 X = randn (30 ,1 ) ;
3 f i g u r e
4 p l o t ( ( 1986 : 2015 ) ’ ,X)
5 t i t l e ( ’ Kenya ’ ’ s GDP growth ’ )
6 l e g end ( ’GDP growth ’ )
7 x l a b e l ( ’ y e a r s ’ )
8 y l a b e l ( ’%’ )
9 c l o s e a l l ;
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Introduction to Programming Matlabing

A few examples of code...

1 % Crea t i n g your f i r s t i f s ta t ement
2 P = [ rand (5 , 1 ) rand (5 , 1 ) ] ;
3 f o r i = 1 : l e n g t h (P)
4 i f P( i , 1 )>P( i , 2 )
5 d i s p ’ Po r t uga l won the f o o t b a l l match ! ’
6 e l s e i f P( i , 1 )==P( i , 2 )
7 d i s p ’ Kenya draw a g a i n s t Po r tuga l ! ’
8 e l s e ’ Kenya won the f o o t b a l l match ! ’
9 end

10 end
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Introduction to Programming Matlabing

Setting up the toolboxes

We need first to install (or better "set path") to Dynare and the CompEcon Toolbox.

1 % Create a s t a r t u p .m f i l e , where you have the path to t h e s e t o o l b o x e s
2

3 addpath C: \ Use r s \ rmarto \Desktop\IMF_rmarto\ D i v e r s o s \MATLAB\ dynare \4 . 4 . 3 \ matlab
4

5 addpath C: \ Use r s \ rmarto \Desktop\IMF_rmarto\ D i v e r s o s \MATLAB\COMPECON\ CEtoo l s

Then save your startup.m file where you installed Matlab.
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The DIG Model in practice A Matlab-Excel template

What you have in your DIG Model folder...
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The DIG Model in practice A Matlab-Excel template

What you have in your DIG Model folder...
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The DIG Model in practice A Matlab-Excel template

In Dynare...

Dynare is a powerful toolbox to solve models in Matlab.
dynare yourfilename.mod noclearall (noclearall keeps the variables in the Workspace)

After some magic happens (i.e. Matlab/Dynare routines numerically solved your model), you
will find in your Workspace:

The results of your simulation, i.e. the time series for y, c, i, ...

The Matlab structure M_ containing variable names, parameter values, etc.
The structure oo_ containing the simulation output (endogenous variables, steady states,
etc.)
The structure options_ containing specific options used for the computation (algorithms
used, etc.)

You will also find in your Current folder:
A few m.files (e.g. yourfilename.m), containing the commands solving your model

Very useful when you made a mistake in the steady state / initial values for your model
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The DIG Model in practice A Matlab-Excel template

In Excel...

Calibration: Allows you to define your particular calibration for parameters and initial
values.

Temporary: Allows you to specify the path of public investment, grants, concessional debt,
or terms of trade shocks for up to 50 periods.

Scenario: Allows you to choose the combination of scenarios you want to run (different
financing mechanisms, calibration, and shocks).

Graphs: Allows you to choose what type of graphs you want, what variables to plot, etc.

XLSoutput: Allows you to choose what variables to export to Excel.

Don’t forget to close your Excel file.
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The DIG Model in practice A Matlab-Excel template

Calibrate your parameters and initial values
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The DIG Model in practice A Matlab-Excel template

Define the path for your exogenous variables (up to 50 periods)
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The DIG Model in practice A Matlab-Excel template

Select the scenarios you want to run
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The DIG Model in practice A Matlab-Excel template

Define your graph options
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The DIG Model in practice A Matlab-Excel template

Export the path for selected variables
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The DIG Model in practice A Matlab-Excel template

And once you are ready, run your model

Run your Matlab file: Press F5 in the Editor Window or type run_model_DIG in the
Command Window.
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The DIG Model in practice Running scenarios

Example 1.a. Baseline calibration with public investment shock
and no debt

Let’s run the baseline scenario with an increase in public infrastructure investment.

In Excel:

Keep baseline calibration and shock

Debt scenario: exogenous

Calibration: 1; and give it a name

Temporary shock: 1 for 7 periods, and give it a name

Choose graph and variables to plot (pubinvgdp, pubeffcapgr, rgdpgryoy, roizpercent,
privconsgr, privinvgr, fiscaldef, hpercent, totpubdebt, domdebtgdp, commdebtgdp)

Choose same variables to export to excel
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The DIG Model in practice Running scenarios

Example 1.a. Baseline calibration with public investment shock
and no debt

You should have obtained the following figure:

years

2015 2020 2025 2030 2035
5

6

7

8

9
Public Infrastructure Inv. (% of GDP)

years

2015 2020 2025 2030 2035
0

2

4

6

8

10
Public Effective Capital Growth (% dev. from SS)

years

2015 2020 2025 2030 2035
1.4

1.6

1.8

2

2.2

2.4
Real GDP Growth (% YoY)

years

2015 2020 2025 2030 2035
28

28.5

29

29.5

30
Return on Public Infra. Inv. (%)

years

2015 2020 2025 2030 2035
-3

-2

-1

0

1

2
Private Consumption Growth (% dev. from SS)

years

2015 2020 2025 2030 2035
-6

-4

-2

0

2
Private Inv. Growth (% dev. from SS)

years

2015 2020 2025 2030 2035
-1.2

-1.1

-1

-0.9
Fiscal Deficit (% of GDP)

years

2015 2020 2025 2030 2035
14

15

16

17

18

19
Consumption Tax (%)

years

2015 2020 2025 2030 2035
69

69.2

69.4

69.6

69.8

70
Total Public Debt (% of GDP)

years

2015 2020 2025 2030 2035
19.75

19.8

19.85

19.9

19.95

20
Domestic Public Debt (% of GDP)

years

2015 2020 2025 2030 2035
-1

-0.5

0

0.5

1
External Public Commm. Debt (% of GDP)

Kenya - exogenous debt, Baseline temp. shock, No perm. shock

Ricardo Marto (RES) DIG’ing May 19, 2016 18 / 34



The DIG Model in practice Running scenarios

Example 1.b. Baseline calibration with public investment shock
and domestic debt adjustments

Comapre the previous example with the same baseline scenario with an increase in public
investment but with endogenous domestic debt.

In Excel:

Keep baseline calibration and shock

Debt scenario: (i) exogenous and (ii) domestic

Calibration: 1; and give it a name

Temporary shock: 1 for 7 periods, and give it a name

Choose graph and variables to plot (pubinvgdp, pubeffcapgr, rgdpgryoy, roizpercent,
privconsgr, privinvgr, fiscaldef, hpercent, totpubdebt, domdebtgdp, commdebtgdp)

Choose same variables to export to excel
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The DIG Model in practice Running scenarios

Example 1.b. Baseline calibration with public investment shock
and domestic debt adjustments

You should have obtained the following figure:
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The DIG Model in practice Running scenarios

Example 2.a. Baseline scenario with public investment scaling
up and concessional debt

Let’s run the baseline scenario with unconstrained consumption tax and exogenous debt (only
concessional debt), and with public investment and grants increase.

In Excel:

No need to adjust your calibration and shocks

Debt scenario: exogenous

Calibration: 1; and give it a name

Temporary shock: 2 for 31 periods, and give it a name

Choose graph and variables to plot (oilrevgdp, rgdpgryoy, pubinvgdp,roizpercent, privconsgr,
privinvgr, fiscaldef, hpercent, totpubdebt, concdebtgdp, grantsgdp)

Choose same variables to export to excel
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The DIG Model in practice Running scenarios

Example 2.a. Baseline scenario with public investment scaling
up and concessional debt

You should have obtained the following figure:
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The DIG Model in practice Running scenarios

Example 2.b. Baseline scenario with public investment scaling
up and natural resource revenue shock

Compare the previous scenario with unconstrained consumption tax and exogenous debt, and
with public investment, natural resource revenue, and grants increase.

In Excel:

No need to adjust your calibration and shocks

Debt scenario: exogenous

Calibration: 1; and give it a name

Temporary shock: 2 and 3, both for 31 periods, and give them names

Choose graph and variables to plot (oilrevgdp, rgdpgryoy, pubinvgdp,roizpercent, privconsgr,
privinvgr, fiscaldef, hpercent, totpubdebt, concdebtgdp, grantsgdp)

Choose same variables to export to excel
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The DIG Model in practice Running scenarios

Example 2.b. Baseline scenario with public investment scaling
up and natural resource revenue shock

You should have obtained the following figure:
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The DIG Model in practice Running scenarios

Example 3.a. Baseline scenario vs. High efficiency scenario

Compare the previous scenario (2.a) with one where efficiency is 100% and same return on
public infrastructure (still unconstrained consumption tax and exogenous debt).

In Excel:

Copy/paste calibration 1 in calibration 2 and adjust efficiency

No need to adjust your shocks

Debt scenario: exogenous

Calibration: 1 and 2; give them names

Temporary shock: 2 for 31 periods, and give it a name

Choose graph and variables to plot (pubinvgdp, pubeffcapgr, rgdpgryoy, roizpercent,
privconsgr, privinvgr, fiscaldef, hpercent, totpubdebt, domdebtgdp, commdebtgdp)

Choose same variables to export to excel
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The DIG Model in practice Running scenarios

Example 3.a. Baseline scenario vs. High efficiency scenario

You should have obtained the following figure:
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The DIG Model in practice Running scenarios

Example 3.b. Baseline scenario vs. Absorptive capacity
constraints

Compare the previous scenario (3.a) with one where absorptive capacity constraints are high
(i.e. φ = 5) and same return on public infrastructure (still unconstrained consumption tax and
exogenous debt).

In Excel:
Copy/paste calibration 1 in calibration 3 and adjust the severity of absorptive capacity
constraints

No need to adjust your shocks

Debt scenario: exogenous

Calibration: 1 and 2; give them names

Temporary shock: 2 for 31 periods, and give it a name

Choose graph and variables to plot (pubinvgdp, pubeffcapgr, rgdpgryoy, roizpercent,
privconsgr, privinvgr, fiscaldef, hpercent, totpubdebt, domdebtgdp, commdebtgdp)

Choose same variables to export to excel
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The DIG Model in practice Running scenarios

Example 3.b. Baseline scenario vs. Absorptive capacity
constraints

You should have obtained the following figure:
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The DIG Model in practice Do-it-yourself I

Exercises

Run the following scenarios:
1 Suppose the government wants to increase user fees for public infrastructure to 100% and

intends to finance its public investment plan solely with grants.
Simulate your scenarios, comparing this assumption with the baseline calibration.

2 Suppose the government wants to compare the effects of financing their public investment
scaling up with either commercial or domestic debt financing (for baseline calibration and
unconstrained taxes).
Simulate your scenarios, using the exogenous shock processes provided in example 2.a.

3 Suppose the government wants to compare the effects of financing their public investment
scaling up with a cap on the VAT rate at 17% with commercial debt financing (for baseline
calibration).
Simulate your scenarios, using the exogenous shock processes provided in example 2.a.

4 Suppose the goverment expects terms of trade to deteriorate from period 6 to 25, with the
price index of exported goods decreasing 10% and of imported consumption and capital
goods increasing 20% (with external commercial debt and unconstrained taxes).
Simulate your scenarios, using the exogenous shock processes provided in example 2.b.
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The DIG Model in practice Do-it-yourself I

Exercise 1

You should have obtained the following figure:
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The DIG Model in practice Do-it-yourself I

Exercise 2

You should have obtained the following figure:
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The DIG Model in practice Do-it-yourself I

Exercise 3

You should have obtained the following figure:
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The DIG Model in practice Do-it-yourself I

Exercise 4

You should have obtained the following figure:
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Thank you

Asante sana!
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