Technical Appendix
Space is limited for uploading supplementary materials, all models cannot be uploaded. However with following instructions, every scenario can be obtained.
There are two models provided as supplementary material. “Example model-Base” is the base model, where both individuals and big investors have same functions. To obtain alternative scenarios from this model, selling and buying flows can be adjusted as SellingOfID=RefSellingID*EffOfInterestOnSellID*EffofEXRatSellD*(1/EffOfSpeculation)
BuyingOfID=RefBuyingID*EffofEXRatBuyID*EffOfInterestOnBuyID*EffOfInflationID*EffOfSpeculation
For interest rate adjustment scenario interest rate function can be adjusted as :
InterestRate= EffOfEXonInterestRate*BaseInt
In the second model, “Example model 2”, big investors show manipulative behavior (they have different EffOfEXRatBuyBI function from individuals. Besides that, individuals show speculative behavior and interest rate adjustment by central bank exists in the model.  To obtain a model without interest rate adjustment the function can be adjusted as:
InterestRate= EffOfEXonInterestRate*BaseInt/ EffOfEXonInterestRate
SellingOfID=RefSellingID*EffOfInterestOnSellID*EffofEXRatSellD*(1/EffOfSpeculation)*EffOfSpeculation
BuyingOfID=RefBuyingID*EffofEXRatBuyID*EffOfInterestOnBuyID*EffOfInflationID*EffOfSpeculation/EffOfSpeculation
To obtain stochastic model please change following converters as follows:
RefSellingID=smth1(normal(8000000000/2,0.3*8000000000/2),3)
RefBuyingID=SMTH1(NORMAL(4000000000/2,0.3*4000000000/2),3)
RefBuyingBI=smth1(NORMAL(8000000000/2,0.3*8000000000/2),3)
RefSellingBI=smth1(NORMAL(16000000000/2,0.3*16000000000/2),3)
Discrepancy=(smth1(normal(PriceOfDollars,0.3*PriceOfDollars),3)-(DollarExchangeRate))

a) [bookmark: _Toc471139292]Variable Definitions 
i. [bookmark: _Toc471139293]Stocks
DolarsInMarket (US Dollars)
It defines the amount of dollars in the market (at banks or exchange offices), which is available to be bought by individuals or big investors. 
DollarsAtIndiv (US Dollars)
It defines the amount of dollars at the bank accounts or houses of individuals.
DollarsAtBigInv (US Dollars)
Defines the amount of  dollars at the bank accounts of big investors. Big investors mean the big companies or rich people who has ability to change the balance of the dollar market.
DollarExchangeRate (USD/TRY)
It is the value of one US dollar in terms of Turkish Lira. 
PerceivedExchangeRate (USD/TRY)
It is the information delay stock for dollar exchange rate.
LearntExchangeRate (USD/TRY)
It is the second order information delay stock for exchange rate. It represents the delayed expected rate. The individuals and big investors take this stock’s output as input to their decisions.
Reference Update (USD/TRY)
The stock variable that adjusts buying/selling exchange rate reference values of individuals and big investors.
ii. [bookmark: _Toc471139294]Flows
SellingOfID (USD/day)
The daily dollar selling rate of individuals.
BuyingOfID(USD/day)
The daily dollar buying rate of individuals.
BuyBI(USD/day)
The daily dollar buying rate of big investors.
SellBI(USD/day)
The daily dollar selling rate of big investors.
Exchange Rate Adjustment (USD/TRY/day)
The rate of change of exchange rate due to discrepancy with the price of dollars in the market.
PerceptionChange (USD/TRY/day)
The rate of change of the perceived exchange rate. 
Learning Change(USD/TRY/day)
The rate of change of the learnt exchange rate. 
Update (USD/TRY/day)
The rate of change of the reference update.
iii. [bookmark: _Toc471139295]Converters
Effects
PriceOfDollars (USD/TRY)
It is the demand function of price versus quantity. The dollar stock in the market determines the quantity. The function gives the price respect to this quantity as the market price of dollars. The exchange rate is adjusted according to discrepancy between this value and the current exchange rate with an adjustment time.
Slope (USD/TRY/day)
It gives an estimate of rate of change of exchange rate. The current exchange rate is subtracted from the learnt exchange rate (2nd order delayed version) and divided by the total delay time between these values. 
EffOfEXRatSellD (Unitless)
As the delayed expected exchange rate increases with respect to some reference value in individuals minds, they increase the amount of dollar selling.

EffOfEXRatBuyID (Unitless)
As the delayed expected exchange rate increases with respect to some reference value in individuals minds, they decrease the amount of dollar selling.
EffOfEXRatSellBI (Unitless)
As the delayed expected exchange rate increases with respect to some reference value in big investors minds, they increase the amount of dollar selling.
EffOfEXRatBuyBI (Unitless)
As the delayed expected exchange rate increases with respect to some reference value in big investors minds, they decrease the amount of dollar selling.
EffOfInflationID (Unitless)
The inflation has effect only buying behavior. Until the inflation reaches to its reference value it has no effect, however until then it increases the buying of dollars.
EffOfInflationBI (Unitless)
The inflation has effect only buying behavior. Until the inflation reaches to its reference value it has no effect, however until then it increases the buying of dollars.
EffOfInterestOnSellID (Unitless)
As the interest rate to the reference interest rate ratio increases the selling behavior for dollars increases. 
EffOfInterestOnBuyID (Unitless)
As the interest rate to the reference interest rate ratio increases the selling behavior for dollars decreases. 
EffOfInterestOnSellBI (Unitless)
As the interest rate to the reference interest rate ratio increases the selling behavior for dollars increases. 
EffOfInterestOnBuyBI (Unitless)
As the interest rate to the reference interest rate ratio increases the selling behavior for dollars decreases. 
Additional Effects for Speculative Behavior Model
EffOfSpeculation (Unitless)
When the slope of exchange rate exceeds their reference value of individuals, a speculation effect starts. It effects the buying and selling behaviors of individuals.  It is multiplied by the buying function of individuals and divided by the selling function of individuals.
EffOfEXOnInterestRate
TCMB determines the interest rate due to ratio of the exchange rate slope to target to desired exchange rate slope.

References: Reference values of effect formulations
RefSellingID (USD/day)
The base value of dollar selling amount of individuals per day. 
RefBuyingID (USD/day)
The base value of dollar buying amount of  individuals per day. 
RefSellingBI (USD/day)
The base value of dollar selling amount of  big investors per day. 
RefBuyingBI (USD/day)
The base value of dollar buying amount of big investors per day. 
RefInf (Unitless)
The reference value for inflation for individuals.
RefInf2 (Unitless)
The reference value for inflation for big investors.
RefInt (Unitless)
The reference value for interest rate on selling behavior of individuals.
RefInt2 (Unitless)
The reference value for interest rate on buying behavior of individuals.
RefInt3 (Unitless)
The reference value for interest rate on buying behavior of big investors.
RefInt4 (Unitless)
The reference value for interest rate on selling behavior of big investors.
RefEXSellID (USD/TRY)
The reference exchange rate on selling behavior of individuals.
RefEXBuyID (USD/TRY)
The reference exchange rate on selling behavior of individuals.
RefEXSBI (USD/TRY)
The reference exchange rate on selling behavior of big investors. 
RefEXBBI (USD/TRY)
The reference exchange rate on selling behavior of big investors. 
RefDIM (USD)
The reference value of dollars in the market. 
RefRateforSpec (USD/TRY/day)
The reference value of rate of change of the exchange rate for individuals.
BaseInt (Unitless)
The base value of interest rate. It is multiplied with the Effect of Exchange Rate on Interest Rate function to determine interest rate if Central Bank adjustment exist. If there is not any adjustment interest rate is equal to this value.
DesiredExSlope (USD/TRY/day)
It is equal to reference rate of change of individuals to speculate. Central bank tries to pull the rate of change of learnt exchange rate to this value.
Constants
AT (days)
 Adjustment time for exchange rate to come the real market price of the dollar. It is equal to 15 days for these models.
DelTime (days)
Delay time for information delay of dollar exchange rate. It is equal to 15 days for this model.
DelTime4 (days)
Delay time for second order information delay of dollar exchange rate. It is equal to 15 days for this model.
DelTime2 (days)
Total delay time between exchange rate and its second order delay (Learnt Exchange Rate). It is equal to 30 days in this model.
DelTime3 (days)
The reference update delay time. It is equal to 45 days in this model.
Inflation (Unitless)
Inflation represents current inflation rate in the country. It affects only the dollar buying decisions. If the inflation is higher from the reference inflation value, individuals and big investors tend to buy more dollar. 
InterestRate (Unitless)
In scenarios without interest rate adjustment, the interest rate is constant. Otherwise it is adjusted according to effect of exchange rate on interest rate function. It effects both buying and selling decisions. If the interest rate is higher than the reference value, individuals and big investors tend to sell more dollar, and buy less dollar. If the interest rate is lower than the reference vice versa.
Others
Discrepancy(USD/TL)
Discrepancy between price of dollars in the market and the dollar exchange rate.

Discrepancy2 (USD/TL)
Discrepancy between Dollar Exchange Rate and Learnt Exchange Rate.
Equations
Example Model-Base
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Example Model 2
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[ DollarExchangeRate(t) = DollarExchangeRate(t - df) + (ExchangeRateAdjustment) * dt
INIT DollarExchangeRate = 3.5
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INIT DollarsAtBiginvestors = 55023348950 65
UNITS: US Dollars (USD)
INFLOWS:
2 BuyBl = EfOfintersstOnBuyBI*EOfinflationBI"EAOMEXRaBUYBI*RefBuyingB!
UNITS: US dollars per day (USDIday)
OUTFLOWS:
2 SslBl = RefSellingBI'EAOfInteresONSsIIBI'EAOEXRatSelIBI
UNITS: US dollars per day (USD/day)
[ DollarsAtindividuals(t) = DollarsAtindividuals(t - ) + (BuyingOfiD - SellingofiD) * ot
INIT DollarsAtindividuals = 22270414124.74
UNITS: US Dollars (USD)
INFLOWS:
5 BuyingOfiD = RefBuyingID*EffofEXRatBuylDEAOfInterestonBuyiD*EfOfinfationiD*
EffOfSpeculation/Ef0fSpeculation
UNITS: US dollars per day (USD/day)
OUTFLOWS:
5+ SellingOD = RefSellingID*EAOfinterestonSelllD*EfofEXRatSellD*(1/EAOfSpeculation)*
EffOfSpeculation
UNITS: US dollars per day (USD/day)
[ DollarsinMarket() = DollarsinMarket(t- df + (SelingOfiD + SellBl - BuyingOAD - BuyB) * dt
INIT DollarsinMarket = 3677062362431
UNITS: US Dollars (USD)
INFLOWS:
5+ SellingOD = RefSellingID*EAOfinterestonSelllD*EfofEXRatSellD*(1/EAOfSpeculation)*
EffOfSpeculation
UNITS: US dollars per day (USD/day)
5 SelBI = RefSellingBI'EAOfInteresONSsIIBI'EAOEXRatSelIBI
UNITS: US dollars per day (USD/day)
OUTFLOWS:
<+ BuyingOfiD = RefBuyingID*EffofEXRatBuylDEAOfInterestonBuyiD*EAOfinfationiD*
EffOfSpeculation/Ef0fSpeculation
UNITS: US dollars per day (USD/day)
5 BuyBl = EffOfintersstOnBuyBI*EROfinfationBI"EAOMEXRatBUYBI*RefBuyingB!
UNITS: US dollars per day (USD/day)
[ LeamiExchangeRate() = LeamtExchangeRate(t- df + (Lsarning_Change) * dt
INIT LeamtExchangeRate = DollarExchangeRate
UNITS: US DollarsfTurkish Lira (USDITRY)
INFLOWS:
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« Leaming_Change = (PerceivedExchangeRate-LeamtExchangeRate)DelTimed
UNITS: usdiday-try
[ PerceivedExchangeRate() = PerceivedExchangeRate(t- df + (PerceptionChangs) * dt
INIT PercaivedExchangeRate = DollarExchangeRate
UNITS: US Dollars/Turkish Lira (USDITRY)
INFLOWS:
« PerceptionChange = (DollarExchangeRate-PercsivedExchangeRate)DelTime
UNITS: usdiday-try
[ ReferenceUpdata() = ReferenceUpdate(t- df + (Update) * ot

INIT RefersnceUpdate = DollarExchangeRate
UNITS: US DollarsfTurkish Lira (USDITRY)
INFLOWS:

@ Update = DiscaiDelTime3
UNITS: usdiday-try
AT=15
UNITS: days (day)
Baselnt=1725
UNITS: Uniiess
DelTime =15
UNITS: days (day)
DelTime2= 30
UNITS: days (day)
DelTime3= 45
UNITS: days (day)
DelTimed =15
UNITS: days (day)
DesiredEXSlope = 0.001
UNITS: usdiday-try
Disc2 = DollarExchangeRate-LeamtExchangeRate
UNITS: US Dollars/Turkish Lira (USDITRY)
Discrepancy = ((PriceOfDollars)-(DolarExchangeRate))
UNITS: US Dollars/Turkish Lira (USDITRY)
) EfOfEXoninterestRate = GRAPH(SIope/DesiredEXSIope)
(0.00,1.00), (0.2, 1.00), (0.4, 1.00), (0.6,1.00), (08, 1.00), 1.0, 1.00), (1.20, 1.25), (1.40, 1.25),
[_i60,1.25). 1:80,1.25), (200,1.25)
UNITS: Unifless

0 00O0O0O0OO0O0O0

@ EffEXRatBuyBl = GRAPH(LeamiExchange Rate/RefEXBUyBI)
(0.00,2.00), (00667, 2.00), 013, 1.98), 0.2, 1.94), (0.267, 1.89), (0.333,1.78), (0.4,1.69),
L\ (0.467.1563), (0,533, 1 52), (06, 147), (0,667, 141), (0.733, 134), (0.8,1.26), (0867, 1.16),
(0/933;1.07).(1.00,1.00), (1 07, 0.657), (113, 0.49), (120, 0.378), (127, 0.315), (1 33, 0.268),
(1:40,0.217).(1.47, 0.161), 1 53,0.112), 1 60, 0.0629), (167, 0.049), (1.73, 0.038), (180,
0028), (1.87,0021), (193, 0014), (200, 0014)
UNITS: Unitiess.
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&) EffofEXRatBuyiD = GRAPH(LearntExchangeRate/RefEXBuyD)
(0.00,2.00), (00667, 2.00), 0133, 1.98), (0.2, 194), (0.267, 1.89), (0.333,1.78), (0.4,1.69),
[\ (0.467,163),(0.533,152), (0.6,1.47), (0.667.1.41). (0733, 1.34). (08,1 28), (0.867, 1 16),
(0/933;1.07).(1.00,1.00), (1 07, 0.657), (113, 0.49), (120, 0.378), (127, 0.315), (1 33, 0.268),
(1:40,0.217).(1.47, 0.161), 1 53,0.112), 1 60, 0.0629), (167, 0.049), (1.73, 0.038), (180,
0028), (1.87,0021), (193, 0014), (200, 0014)
UNITS: Unitiess
Q) EfofEXRaiSeIIBl = GRAPH(Learn{ErchangeRate/ReEXSelIB))
(0.00,0.371), 00667, 0.378), 0.133,0.362), (0.2, 0.419), 0.267, 0.454), 0,333, 0.488), 0.4,
L 0536, (0.467,057), (0.533,0.61), (0.6,0.653),(0.667, 0.667), (0.733,0.729), (0.8, 0.77),
(0.867, 0.825),(0.933, 0.895), (1.00,1.00), (1.07,1.17), (1.13,1.22), 1 20, 1.2, (1 27,1 79),
(1:33,1.34), (1.40,1.40), (1.47,1.51), (.53, 1.80), (1.60, 1.92), (167, 2.00), (1.73, 2.00), (1 80,
2.00), (1.87, 2.00),(1.83, 2.00), 2.00, 2.00)
UNITS: Unifless
Q) EfofEXRaiSeIID = GRAPH(LeamiExchangeRats/RefEXSaIID))
(0.00,0.371), 00667, 0.378), (0.133,0.382), (0.2, 0.419), 0.267, 0.454), 0,333, 0.488), 0.4,
L 0536, (0.467,057), (0.533,0.61), (0.6,0.653),(0.667, 0.667), (0.733,0.729), (0.8, 0.77),
(0.867, 0.825),(0.933, 0.895), (1.00,1.00), (1.07,1.17), (1.13,1.22), 1 20, 1.2, (1 27,1 79),
(1:33,1.34), (1.40,1.40), (1.47,1.51), (.53, 1.80), (1.60, 1.92), (167, 2.00), (1.73, 2.00), (1 80,
2.00), (1.87, 2.00),(1.83, 2.00), 2.00, 2.00)
UNITS: Unifless
@ EfOfinfations = GRAPH(Nfation/Refnt2)
|_~(0.00,1.00), (0.0625, 1.00), (0125, 1.00), (0188, 1.00), (0.5, 1.00), (9.312, 1.00), (0375, 1.00),
[ (0.438,1.00),(0.5,1.00), (0562, 1.00), (0.625,1.00), 0.688, 1.00), (0.75, 1.00), (3812, 1.00),
(0,875, 1.00), (0,938, 1.00), (1,00, 1.00), 1.06, 1.09), (112,1.10), (119,1.13), (1.25,1.17), (131,
1.29),(1.38,1.42),(1.44,150), (1.50,1'57), 1,56, 1.66), (1.62,1.76), (1.69,1.80),(1.75, 1 80),
(1.81,1.80), (1.8, 1.80), (1.94, 1.80), (2.00, 1.80)
UNITS: Unifless
@ EfOfnfationiD = GRAPH(nfation/Refing
|_~(0.00,1.00), (0.0625, 1.00), (0125, 1 00), (0188, 1.00), (025, 1.00), (9.312, 1.00), (0375, 1.00),
[ (0.438,1.00),(0.5,1.00), (0562, 1.00), (0.625,1.00), 0.688, 1.00), (0.75, 1.00), (3812, 1.00),
(0,875, 1.00), (0,938, 1.00), (1,00, 1.00), 1.06, 1.09), (112,1.10), (119,1.13), (1.25,1.17), (131,
1.29),(1.38,1.42),(1.44,150), (1.50,1'57), 1,56, 1.66), (1.62,1.76), (1.69,1.80),(1.75, 1 80),
(1.81,1.80), (1.8, 1.80), (1.94, 1.80), (2.00, 1.80)
UNITS: Unifless
@) EfOfinteresOnSellsl = GRAPH(nterestRatelReft)
(0.00,0.117), 0167, 0.131), (033, 0.165), (0.5, 0.206), (0.667, 0.474), 0,833, 0.832), (1.00,
[ 1.00,(1.17,1.18),(1.33,1.26), (1.50,1.29), 1 67,1.32), 1 83, 1.33), (2.00, 1.36), 2.17,1.38),
(2331.41). (250, 1.4). (267, 1.43) (263, 1.48), (.00, 1 51), (317, 1.56), (333.1.62). (350,
173),(367.1.85), (183, 1.89), (400, 1.90), (417,1.92), (4.33,1.92), (450, 1.84), (467, 1.96),
(4.83,1.96), (5.00,1.96)
UNITS: Unitless





image4.png
(& EffofinterestOnBuyBl = GRAPH((InterestRate/Refint3))
(0.00,2.98), (0167, 2.64), (0333, 2.37), (05, 217), (0.667, 1.5, (0.833,1.26), (1.00,1.00), (117,
0.797),(1.33,0.724),(1 50, 0.65), (1 67, 0.619), (1,83, 0.535), (2,00, 0.524), (217, 0.503), (233,
0.493), 250, 0.462), 267, 0.451), (283, 0.451), (300, 0.451), (317, 0.43), (3.33, 0.43), (3.0,
043, (367,0.43), (383, 0.43), (4.00,0.42), (417,042), (4.33,0.42), (450, 0.42), (467,0.42),
(4.83,0.42), (500, 0.42)
UNITS: Unifless

@) EfOfinterestonBuylD = GRAPH((IterestRatelReft2)
(0.00,2.98), (0167, 2,64, (0333, 2.37), (05, 27), (0.667, 1.5, (0.833,1.26), (1.00,1.00), (117,
0.797),(1.33,0.724),(1 50, 0.65), (1 67, 0.619), (1,83, 0.535), (2,00, 0.524), (217, 0.503), (233,
0.493), 250, 0.462), 267, 0.451), (283, 0.451), (300, 0.451), (317, 0.43), (3.33, 0.43), (3.0,
043, (367,0.43), (383, 0.43), (4.00,0.42), (417,042), (4.33,0.42), (450, 0.42), (467,0.42),
(4.83,0.42), (500, 0.42)
UNITS: Unifless

@) EfOfnterestonSelliD = GRAPH(nterestRate/Refint
(0.00,0.117), 0167, 0.131), 033, 0.1 65), 0.5, 0.206), 0.667, 0.474), 0,833, 0.832), (1.00,

[ 1.00,(1.17,1.18),(1.33,1.26), (1.50,1.29), 1 67,1.32), 1 83, 1.33), (2.00, 1.36), 2.17,1.38),
(2331.41). (250, 1.4). (267, 1.43) (263, 1.48), (.00, 1 51), (317, 1.56), (333.1.62). (350,
173),(367.1.85), (183, 1.89), (400, 1.90), (417,1.92), (4.33,1.92), (450, 1.84), (467, 1.96),
(4.83,1.96), (5.00,1.96)
UNITS: Unifless

@) EfOfSpeculation = GRAPH(SIope/RefRateforSpec)

|~(0.00,1.00), (05, 1.00), (1.00, 1.00), 1.50, 1.01), (200, 1.06), (2.60,1.12), (3.00, 1.17), (350,

[[_1.24),4.00.130),(4.50,1.38), (5,00, 1.50)
UNITS: Uniless

O mnation= 8.5
UNITS: Unitiess
O InterestRate = EfOFEXoninterestRate*BaselENOEXoninterestRate
UNITS: Unitiess
@ PriceOMollars = GRAPH(DollarsinWarketReDIN)
(0.00,7.00), 0.65,6.32), (1.30,5.20),(1.85, 4.40), (2.60, 410), (325, 377), (390, 350), 4 55,
[\ 328).(5.20,3.07), (585, 2.87), (6.50, 277), 7.15, 2.69), (7 80, 2.49), (8.45, 233, 6.10, 219),
(6.75,2.08), (10.4,200), (11.1, 2.00), (11.7, 2.00), (123, 2.00), (12,0, 2.00)
UNITS: US DollarsTurkish Lira (USDITRY)
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