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© A brief introduction to Matlab programming
@ The Debt, Public Investment, and Growth (DIG) Model in practice

o A Matlab-Excel template
e Running scenarios

o Do-it-yourself |
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Introduction to Programming Matlabing

What you will face...
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What you will face...

@ Current folder: Shows the files contained in your current folder.
° 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 % Creating your first variables

2 X = 447;

3y = x"2;

4

5 % Creating your first matrix

s M= [x 1/x; y 1];

7N =M .x eye(2); % is a 2x2 diagonal matrix
g8 [rows columns] = size (M);

1 % Creating your first figure
2 X = randn(30,1);

3 figure

4 plot((1986:2015) ',X)

5 title ('Kenya''s GDP growth ")
6 legend ('GDP growth ")

7 xlabel ("years")

s ylabel ("%")

9 close all;
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Introduction to Programming Matlabing

A few examples of code...

1 % Creating your first if statement

2 P = [rand(5,1) rand(5,1)];

3 for i = 1l:length(P)

4 if P(i,1)>P(i,2)

5 disp 'Portugal won the football match!’
6 elseif P(i,1)=P(i,2)

7 disp 'Kenya draw against Portugall’

8 else 'Kenya won the football match!’

9 end

o 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 startup.m file , where you have the path to these toolboxes
3 addpath C:\ Users\rmarto\Desktop\IMF _ rmarto\Diversos\MATLAB\dynare\4.4.3\ matlab
4

5 addpath C:\ Users\rmarto\Desktop\IMF _ rmarto\Diversos \MATLAB\COMPECON\ CEtools

@ Then save your startup.m file where you installed Matlab.
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What you have in your DIG Model folder...

NoNoNo
] input_DIG.xlsx

run_model_DIG.m
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The DIG Model in practice A Matlab-Excel template

What you have in your DIG Model folder...

#)| baseline_model.mod

®)| baseline_shocks.mod
Py

NoNoNo “

2 input_DIG.dsx #)| mergedModel.mod
run_model_DIG.m &

calibration.m

initialSSandParams.m

run_forrest_run.m
run_plots_combined.m
saveResults.m
selectScenario.m

steady_state.m
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What you have in your DIG Model folder...

Inputyour data
here

run_model_DIG.m

3] input_DIG xlsx
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The DIG Model in practice A Matlab-Excel template

What you have in your DIG Model folder...

Inputyour data

here

run_model_DIG.m

calls

calls 2] input_DIG.xlsx

run_forrest_run.m
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The DIG Model in practice A Matlab-Excel template

What you have in your DIG Model folder...

@ Input your data

here
run_model_DIG.m (do not change

SPreadsneets

calls

calls

3] input_DIG xlsx
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The DIG Model in practice A Matlab-Excel template

What you have in your DIG Model folder...

Inputyour data

here

run_model_DIG.m

calls

calls 2] input_DIG.xlsx

run_forrest_run.m
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What you have in your DIG Model folder...

run_model_DIG.m

& o
calls 2] input_DIG.xlsx

v
run_forrest_run.m

v
initialSSandParams.m calculatesinitial steady state

v
) mergedModel.mod  simulates the model, where ®)| baseline_model.mod
contains the model’s equilibrium conditions

v
run_plots_combined.m runs plots and generates . Figures output, where
you have matlab figures and pdf figures
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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.
e 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:
e A few m files (e.g. yourfilename.m), containing the commands solving your model
e 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...

o 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

n practice

A Matlab-Excel template

Calibrate your parameters and initial values

INNEER S0 e input DIG.xlsx - Microsoft Excel s i i
e o View  Developer  Adddns DM CDTools  IMFTaols
L, 5 5 Ls] Connections ¢ o = * 2y @rEl =

Aldld a2z eril ¢ == 5 &= 2 ) 4 2

From From From From Other | Existing || Refresh Z| sort | Fiter o Tetto  Remove  Data  Consolidate What¥f || Group Ungroup Subtotal

Access Web Text Sources~ | Connections || All- = 17 Advanced || Columns Duplicates Validation - Analysis - -

Get External Data Connections Sort & Filter Data Tools Outline =
HL - f« | Scenario 3 - High User Fees
A ] c N

. Parameter Description Scenario4 - Scenario 5 Scenario 6- Scenario 7~ Scenario 8 -

2 = ., |Initial rewm on infrastrucure investment

3 S G |erficiency of public infrastructure investment s 60.0% 100.0% 20.0%

2 £ 3 |steadystate efficiency of public infrastructure investment ss 60.0% 100.0% 20.0%

5 § £ |Userfees for infrastructure services (% of recurrent costs) o 50.0% S00%  100.0%

6 i Consumption tax rate (VAT) ceiling hbar 75.0% 750% 75.0%

7 Public iNfrastruciure investmentta GDP ratio izy 60% 60% 6.0%

8 = Consumption tax rate (VAT) ha 15.0% 15.0% 15.0%

s = Public domestic debt to GDP ratio share_b 20.0% 200% 20.0%
10 < Public concessional debt to GOF ratio share_d 50.0% 50.0% 50.0%
11 = ¢ |Public external commercial debt to GDP ratio share_dc 0.0% 00% 0.0%
12 2 2 |Grants to GDP ratio share_grants 5.0% 50% 50%
13 2 > |0il revenues to GDP ratio oilro 0.0% 00% 0.0%

7] .E Remittances to GDP ratic share_remit 0% 0% 0%
15 3 Private external debt to GDP ratio share_bstar 0.0% 0.0% 0.0% U
16 S Real interest rate on public domestic debt o 10.0% 10.0% 10.0%
17 Real interest rate on public external commercial debt r_dco 5.0% 50% 6.0%
18 [Trend per capita growth rate B 15% 15% 15%
18 = |+ o 5|importstoGDPratio imp2edp 30.5% 305% 305%
» 5% T|value addieg in NT-sector VAN 19.4% 19.4% 49.4%
21,2 |3 2 G|ns/s-Labor ratio of Non-SaversiNs) to Savers(s) / S+a_ratio®s=1 a_ratio 15 15 15
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1| Cost share of NT-inputs in the production of private capital alpha_k 50.0% 50.0% 50.0%
5 O Cost share of NT-inputs in the production of public capital alpha_z 50.0% 50.0% 50.0%
% 1= Capital leaming extemalities in T-sector 0.0% 0.0% 0.0%
27 TU Capital leaming extemnalities in NT-sector 00% 00% 0.0%
NS Traded T-sectar output learning externality 0.0% 0.0% 0.0%
2 Non-traded NT-secter output learming externality sigma_n 0.0% 0.0% 0.0%
30 Depreciation rate in T-sector delta_x 5% 50% 50% y B
i 4 ¥|_Calibraki ] 0
Ready [ ElE e U
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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

\d 9 -

g

A= - input_DIG.xisx - Microsoft Excel
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bt scenarias Define calibration Define shock name

exogenous
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Puiblic external commercial debt is allowed to cover the fiscal gap. I 1
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The DIG Model in practice A Matlab-Excel template

Define your graph options

N 9~ D0 input_DIG.xlsx - Microsoft Excel (1 i -
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12 Non-Tradable Qutput (% dev frem S5) redpn _
ke Private Consumption Growth (% dev fram S5) privconsgr
1 Private Investment Growth (% dev from 55 privinvgr
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18| g J|DomesticPublic Debt % of GDP) domdebtgdp
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2 Total Public Deb (% of GDP) totpubdebt y
2
23 Current Deficit (% of GDP) cadef
2 Real Interest Rate on Domestic Debt (%) rpercent
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The DIG Model in practice A Matlab-Excel template

Export the path for selected variables

ANCLEEFermD - - - e E— el
[ ——
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~ - Format Painter — = = 0 =0 ormatting * a5 Table « Styles« | - - 2 Clear™  Filter~ Select~
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c6 - &
-
A 8 c D E F 5 H | i K L W %"
Would you like to have the t f selected variabl
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5
6 1
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10 Public Infrastructure Investment (% of GDP) pubinvgdn
1 Public Effective Capita| Growth (% dev from 5] pubeticapgr
12 Real GOP Growth (% dev from S5) rgdp
13 Real GDP Growth (%, Yo¥) redpenyoy
1 Tradable Output (% dev from 55) redpx
15 Non-Tradable Output (% dev frem 55) redpn
16 Private Consumption Growth (% dev from 5] privconsgr 5
17 |privete invesiment Growth (5% dev rom s5) privingr
18 & |Private Capital Growth (% dev from S5) priveapgr
19| Q|0 Revenues (% of GDP) cilrevedp
20 @ [Grants (% ofGOP) grantszdp
2 (5 |peemal priae Det s orGoP) extpdebigdp
2 Consumption Tax (%) hpercent
23 Domestic Public Debt (% of GDF) domdebrgdp
% Concessional Debt (% of GDP) concdebtgdp
25 External Public Commercial Debt (% of GDP) commdebtgdp | 4
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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 or type run_model_DIG in the
Command Window.

4\ MATLAB R2014b

SHORTCUTS.

ch g % () Find Files. <& Insert £} fx -

[/ compare v o[ GoTo > Comment % g

PUBLISH

IS
[2] Run section (L

ghnd 5 agvanee  Runand
ance Time

New Open Save
- v (=Pt v  Find ~ Indent

FLE NAVIGATE BREAKPOINTS RUN
< [EH I L > C b Users b rmarto + Deskiop » IMF_rmarto » Technical Assistance » [CD course by RES-DM » IED course on DIG-DIGNAR models_lan2016 » DIG Model » Matlab » DIG_Code 9jan2016 »
Current Folder ® Edito lots_combined [CR /7 Variahle: Workspace
Name +# [ maxcond welfarem run_mode! DIG.m run_plots_combined.m run_forrest_run.m + Name
& NoNoNo 1 &% RON PLOTS o pl
] input_DIGxlsx 2 gama_m
*7 run_model_DIG.m 3 gama_n
a p S — — ) gama_x
5 5 Gap
6 %% Disable warnings ) gcfig
7 warning ("off’, " grpem
N gr_temp
; grants £
grantso
10 %% Useful variables for plots 1] graph_al
11 1] graph_optiens
12 startdate = time_line(1); graph_var
13 [mmj,nnj] = size(alt_calib);: growth_plot
14 [m3jj,nijl size(alt_exopath); & h
15 name_calib = name_calib(~cellfun(@isempty, name calib)); & To h_ini
run_model_DIG.m v 45 mrike = gf-ut, et toot, ottt - hbar
frranh war_aranh nnricne  aranh al11 NTE vlaxt 4 rrowsey- hbar_sh
i v
The DIG Model ho
@] The DIG Mode! Command Window hpercent
. Hi
D] Housekeeping >> ixno i nini
‘D) Defining debt scenario D ini
D) Choose alternative calibrations for parameters ixno = iz ini
D) Choose altemative path for temporary shock ize
D) Choose alternative path for permanent shock 10. i
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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:
o Keep baseline calibration and shock
e Debt scenario: exogenous
o Calibration: 1; and give it a name
e Temporary shock: 1 for 7 periods, and give it a name

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

e Choose same variables to export to excel
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The DIG Model

n practice

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

You should have obtained the following figure:

Public Infrastructure Inv. (% of GDP)
9

Public Effective Capital Growth (% dev. from SS)
10 24

Real GDP Growth (% YoY)

Return on Public Infra. Inv

8 8 22 205
6 2
7 29
4 18
6 2 16 285
5 0 14 28
2015 2020 2025 2030 2035 2015 2020 2025 2030 2035 2015 2020 2025 2030 2035 2015 2020 2025 2030 2035
Private Consumption Growth (% dev. from $8)  Private Inv. Growth (% dev. from SS) Fiseal Deficit (% of GDP) Consumption Tax (%)
2 2 09 19
1 0 18
-1
o 17
-2
1 16
-1.1
2 4 15
3 6 12— 14
2015 2020 2025 2030 2035 2015 2020 2025 2030 2035 2015 2020 2025 2030 2035 2015 2020 2025 2030 2035
Total Public Debt (% of GDP) Domestic Public Debt (% of GDP) External Public Commm. Debt (% of GDP)
70 20 1
69.8 19.95 05
69.6 19.9
69.4 1985
69.2 108 05 | ]
Kenya - exogenous debt, Baseline temp. shock, No perm. shock
69 9.75 1 T
2015 2020 2025 2030 2035 2015 2020 2025 2030 2035 2015 2020 2025 2030 2035
years years years
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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:
o Keep baseline calibration and shock
e Debt scenario: (i) exogenous and (ii) domestic
o Calibration: 1; and give it a name
e Temporary shock: 1 for 7 periods, and give it a name

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

o Choose same variables to export to excel
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The DIG Model in practice

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

You should have obtained the following figure:

Real GDP Growth (% YoY) Return on Public Infra. Inv
30

Public Infrastructure Inv. (% of GDP)  Public Effective Capital Growth (% dev. from SS)
or 10 2.4

8 8 295
6

7 29
4

6 2 285

5 0 4 28

2015 2020 2025 2030 2035 2040 2045 2015 2020 2025 2030 2035 2040 2045 2015 2020 2025 2030 2035 2040 2045 2015 2020 2025 2030 2035 2040 2045

rivate Inv. Growth (% dev. from SS) Fiscal Deficit (% of GDP) Consumption Tax (%)
2

Private Consumption Growth (% dev. from SS) P
2 5

0
i
i
SR
i =
v
3 -10 3 14
2015 2020 2025 2030 2035 2040 2045 2015 2020 2025 2030 2035 2040 2045 2015 2020 2025 2030 2035 2040 2045 2015 2020 2025 2030 2035 2040 2045
years vears years
Total Public Debt Domestic Public Debt (% of GDP) External Public Commm. Debt (% of GDP)
76 26 1
05
0
——— Kenya - exogenous debt, Baseline temp. shock, No perm. shock
05 Kenya - domestic debt, Bascline temp. shock, No perm. shock

-1
2015 2020 2025 2030 2035 2040 2045

years

68 18
2015 2020 2025 2030 2035 2040 2045 2015 2020 2025 2030 2035 2040 2045
years years
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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:
e No need to adjust your calibration and shocks
o Debt scenario: exogenous
o Calibration: 1; and give it a name
e Temporary shock: 2 for 31 periods, and give it a name

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

o Choose same variables to export to excel
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The DIG Model in practice

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

You should have obtained the following figure:

Oil Revenues (% of GDP) Real GDP Growth (% YoY) Public Infrastructure Inv. (% of GDP)
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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:
e No need to adjust your calibration and shocks
o Debt scenario: exogenous
o Calibration: 1; and give it a name
e Temporary shock: 2 and 3, both for 31 periods, and give them names

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

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

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

You should have obtained the following figure:

Public Infrastructure Inv. (% of GDP)
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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:
o Copy/paste calibration 1 in calibration 2 and adjust efficiency
e No need to adjust your shocks
o Debt scenario: exogenous
o Calibration: 1 and 2; give them names
e Temporary shock: 2 for 31 periods, and give it a name

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

o Choose same variables to export to excel
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The DIG Model in practice

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

You should have obtained the following figure:

Public Infrastructure Tnv. (% of GDP)  Public Effective Capital Growth (% dev. from SS) Real GDP Growth (% YoY) Return on Public Infra. Tnv. (%)
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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. ¢ =5) and same return on public infrastructure (still unconstrained consumption tax and
exogenous debt).

@ In Excel:

e Copy/paste calibration 1 in calibration 3 and adjust the severity of absorptive capacity
constraints

e No need to adjust your shocks

e Debt scenario: exogenous

o Calibration: 1 and 2; give them names

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

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

e Choose same variables to export to excel
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The DIG Model in practice

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

You should have obtained the following figure:

Public Infrastructure Inv. (% of GDP)  Public Effective Capital Growth (% dev. from SS) Real GDP Growth (% YoY) Return on Public Infra. Inv
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The DIG Model in practice Do-it-yourself |

Exercises

@ Run the following scenarios:

© 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.

© 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.

© 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.

© 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

Exercise 1

You should have obtained the following figure:

Public Infrastructure Tnv. (% of GDP)  Public Effective Capital Growth (% dev. from SS) Real GDP Growth (% YoY) Return on Public Infra. Tnv. (%)
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The DIG Model in practice

Exercise 2

You should have obtained the following figure:

Public Infrastructure Tnv. (% of GDP)  Public Effective Capital Growth (% dev. from SS) Real GDP Growth (% YoY) Return on Public Infra. Tnv. (%)
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The DIG Model in practice

Exercise 3

You should have obtained the following figure:

Public Infrastructure Inv. (% of GDP)  Public Effective Capital Growth (% dev. from SS) Real GDP Crowth (% YoY) Return on Public Infra. Inv. (%)
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The DIG Model in practice

Exercise 4

You should have obtained the following figure:

0il Revenues (% of GDP) Real GDP Growth (% YoY) Public Infrastructure Tuv. (% of GDP)
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