Manual for the migrat22 modelling program





Migrat22 allows the calculation of flight ranges for migratory birds taking both energy and water limitations into account. Besides this instruction file (MIGRAT22 MANUAL.DOC) the toolbox consists of the following files:





MIGRAT22.EXE	The executable version of the program, which can be run under DOS, WINDOWS 3.1, WINDOWS 95 and any other operating system allowing for the execution of DOS programs.


MIGRAT22.PAS	Pascal 6.0 source code of MIGRAT22.EXE


MIGRATE.DEF	The definition file which, for all variables included in the model, informs MIGRAT22 whether a fixed value (V), input from a data input file (F, found in MIGRATE.DAT) or a built-in equation (E) should be used to estimate the variable. This file also allows the user to select variables that should be written to the output file. This file is a simple (ASCII) text file that can be edited using a text editor such as Notepad and Wordpad. The MIGRATE.DEF file provided in this toolbox was used to calculate the Energy and Water Model output of Table 2. 


MIGRATE.DAT	Each row of values in this input file corresponds to one simulation run of the MIGRATE22 program. Multiple rows will make MIGRAT22 to perform multiple simulations. Values must be provided for all variables that are selected as input from file (F) variables in the MIGRATE.DEF file. Values should be provided in the order they appear in the MIGRATE.DEF file and each value should be separated from the next by at least one space. This file is a simple (ASCII) text file that can be edited using a text editor such as Notepad and Wordpad. The MIGRATE.DAT file provided in this toolbox was used to calculate the Energy and Water Model output of Table 2.





MIGRAT22 will produce two output files that are not provided in this toolbox, but will be generated when MIGRATE22 is first used. On each subsequent run they will be overwritten. In case you want to retain the output you will have to rename the files. The two output files are:





MIGRATE.OUT	This file contains values for all variables for which output was selected in MIGRATE.DEF. This file has a fixed format where 10 characters are reserved for each variable. If EXCEL output format is chosen, the first line of this file contains the variable names. Each new line in the output file represents one simulation run or a single time step of the simulation depending on the instructions entered when running  MIGRAT22.


MIGRATE.SPF	This is a command file for SPSS/PC+. This file allows for importing the output data in MIGRATE.OUT into SPSS (if SPSS/PC+ format is chosen when running MIGRAT22). However this file also provide non-SPSS users with information concerning the variable values written to the output file, including the units in which these are presented.





Instructing MIGRAT22 through MIGRATE.DEF





Through MIGRATE.DEF you define precisely how MIGRAT22 shall operate. There is only a little additional information that the MIGRAT22 program needs on top of the settings entered in MIGRATE.DEF. Through MIGRATE.DEF the model is flexible in its operation; the user does not have to change the program every time he/she wants to change its operation.


Below, the content of the MIGRATE.DEF file is listed as it is delivered with this toolbox. This is how MIGRATE.DEF will appear when it is opened in an ordinary text editor. Each line in MIGRATE.DEF starts with a two digit number identifying each variable. The number ‘00’identifies a comment line. The variable numbers should never be changed, but you can add as many ‘00’ lines as you like. The first 8 lines of MIGRATE.DEF are comment lines containing the titles for the various fields read vertically:





FIELD TITLE	POSITION	MEANING


*(none)	1-2	Variable identification number.


Varname	4-7	Variable name. The names  are chosen so as to resemble the names of the same variables in the publication describing the model. The names have no function in MIGRAT22 and may be changed at will.


*Input	9	Is this an input variable? (y or n) 


*Output	10	Is this an output variable? (y or n) 


*Value	11	A ‘V’ in this position means that it is allowed to enter ‘V’ in the ‘VForE’ field (position 17, see below).. 


*File	12	An ‘F’ in this position means that it is allowed to enter ‘F’ in the ‘VForE’ field (position 17, see below).


*Equation	13	An ‘E’ in this position means that it is allowed to enter ‘E’ in the ‘VForE’ field (position 17, see below).


Print	15	State ‘y’ if you want to have the value for this variable on the output file MIGRATE.OUT.


VForE	17	This field can attain the values ‘V’, ‘F’ or ‘E’. A ‘V’ means that the fixed value entered in the ‘DefaultValue’ field (position 19-24) will be used for the variable in the simulations. An ‘F’ means that the value for the variable will be read from the file MIGRATE.DAT during simulations. Choose this option if you want to make multiple simulations and the variable changes value between runs. An ‘E’ means that a built-in equation is used to calculate a value for the variable during simulations. Make sure that your choice is in agreement with the possibilities stated in fields ‘Value’, ‘File’ and ‘Equation’ (positions 11, 12 and 13). 


DefaultValue	19-24	The fixed value the variable attains during simulations if ‘V’ is entered in the ‘VForE’ field (position 17).


Varlable	26-80	More information on this specific variable. Note that in some places the program uses different units than used in the publication describing the model for reasons of convenience (e.g. in many places rates is expressed per hour instead of per second to avoid very small figures).





Some of the fields listed above  may not be changed in the MIGRATE.DEF file, as this may cause the program to make erroneous calculations or crash. These fields are identified with an asterisk(*). Below follows a listing of the MIGRATE.DEF file in its original configuration supplied with the toolbox.








00 V    IOVFE P V  dV     V


00 a    nuaiq r F  eA     a


00 r    ptllu i o  fL     r


00 n    upuea n r  aU     l


00 a    tue t t E  uE     a


00 m     t  i ? ?  l      b


00 e        o      t      l


00          n             e


00 PRINCIPAL CLIMATOLOGICAL SETTINGS


 1 H    ynVF  n F   2000 altitude (m)


 2 Ta   ynVF  n F     14 air temperature (C)


 3 RH   ynVF  n F     40 relative humidity (%)


 4 DVw  yyVFE n E      0 wind effect (m/s)


 5 Pa   yyVFE n E    800 air pressure (hPa)


 6 Vw   ynVF  n V      0 wind speed (m/s)


 7 wd   ynVF  n V      0 wind direction (o)


 8 md   ynVF  n V    180 migratory direction (o)(-:no drift correction)


 9 Te   ynVF  n F     14 operative temperature (C)


00 PRINCIPAL SETTINGS MIGRATORY BIRD


10 F    ynVF  n F  0.300 fuel fraction


11 M    ynVF  n F  0.010 body mass (kg)


12 w    ynVF  n F   0.50 initial water fraction


13 mwl  ynVF  n F   0.28 maximum water loss (fraction of initial water content)


14 b    ynVF  n F  0.170 wingspan (m)


15 taxo ynVF  n V      1 1=passerines 2=non-passerines


17 mbl  ynVF  n V   0.60 maximum mass loss (fraction of initial body mass)


18 mcor ynVF  n V      1 1=on flight water & fat loss correction 2=no corr.


19 Tb   ynVF  n F     40 body temperature (C)


00 SETTINGS AND OUTCOMES WATER AND ENERGY BUDGETS


20 rho  yyVFE n E  0.972 air density (g/l)


21 eta  ynVF  n F   0.23 power conversion efficiency


22 k    ynVF  n V   1.20 induced power factor


23 x1   ynVF  n V   1.20 profile ratio


24 r    ynVF  n V   1.10 metabolic power ratio


26 Vext ynVF  n V      2 1=P max uncorrected for tailwind Vtw and 2=corrected for Vtw


27 Cdb  yyVFE n F   0.08 body drag coefficient (E=according to Pennycuick 1989)


31 LD   ny    n          lift to drag ratio


32 Vmr  yyVFE n E    9.2 maximum range speed (m/s)


33 Vmp  ny    n          minimum power speed (m/s)


34 Pmr  ny    n          maximum range power output (W)


35 Paer yyVFE n E   0.00 aerobic power input (W)


41 e    ynVF  n F     39 fuel energy density (kJ/g)


42 Fr   ny    n          rate of fuel consumption (mg/h)


43 h    ynVF  n F   1.07 fuel metabolic water yield (g/g)


44 mmet ny    n          metabolic water production (mg/h)


50 q    ynVF  n V   2400 heat of vaporization of water (J/g)


51 kapp ynVF  n V  19.80 kJ per liter O2 consumed (kJ/l)


52 VO2  ny    n          rate of oxygen consumption (ml/h)


53 RQ   ynVF  n F   0.71 respiratory quotient


54 EO2  ynVF  n F   0.32 oxygen extraction


56 Kes  yyVFE n F  0.036 standard dry conductance (W/C)


57 VI   ny    n          pulmonary ventilation rate (ml/h)


58 Texp ynVFE n F     29 expired air temperature (C)


59 mrm  ny    n          minimum respiratory evaporative waterloss (mg/h)


60 mcm  yyVFE n E    0.1 min. cutaneous evap. waterloss as fraction of mGm


61 mGm  yyVFE y E      0 minimum evaporative water loss (mg/h)


62 mGh  yyVFE y E      0 heat-balance evaporative water loss (mg/h)


63 mN   yyVFE n E      0 net rate of water loss (mmet-mGmax, mg/h)


71 MFDE ny    n          maximum flight duration with energy (h)


72 MFDW ny    n          maximum flight duration with water (h)


73 MFRE ny    y          maximum flight range with energy (km)


74 MFRW ny    n          maximum flight range with water (km)


75 Eres ny    y          Energy reserve left at end (kJ)


76 Wres ny    y          Water reserve left at end (g)


77 step ynVF  n V     15 time step size (min); accuracy of model


78 maxs ynVF  n V   1000 maximum number of program iterations


79 STOP ynVF  n V      2 STOP if MaxEnergy and(=1)/or(=2) MaxWater reached


80 time ynVF  n V      0 elapsed time (min) 


81 tag  ynVF  y F      0 label (value)





Some variables (identified by their numbers) are not dealt with in the publication describing the model and may need some extra clarification:


8	In the publication the bird is assumed to compensate fully for wind drift. If the value for migratory direction is preceded by a ‘-‘, a simplified algorithm is used that does not correct the bird’s heading for drift.


15	This is used for the calculation of basal metabolic rate which is a required parameter in Pennycuick’s (1989) model.


17	Normally this variable is of no importance. Only when variable 79 is set to 1 the program may generate abnormal body masses (e.g. water reserves continue to diminish because the bird still has energy but no water reserves left). In such cases setting this variable may prevent the program from crashing.


18	Carmi et al. (1992) did not correct flight costs for body mass changes due to water loss (i.e. alternative 2).


60 Cutaneous evaporation water loss is here expressed as fraction of total evaporative water loss. This is done to allow comparison and calculations in line with Carmi et al. (1992) as they assumed this fraction to be 0.1 in their simulations.


62	Set to ‘V’ and ‘0’ if you want to make MIGRAT22 do calculations under the assumption that heat stress never occurs.


63	Mostly the model is run in such a way that either the energy balance is taken into account (i.e. one way or the other the bird remains in water balance and variable 63 is set to V and 0) or both the energy and water balance are considered (variable 63, mN, is set to E). In the listed MIGRATE.DEF both energy and water balance are taken into account in determining maximum flight range.


77	Defines the accuracy with which body mass changes due to use of energy and water loss are accounted for. The smaller this figure (i.e. the smaller the time steps) the more accurately the model will predict maximum flight ranges.


78	Defines how many iterations the program should go through. In some cases you do not want the model to calculate maximum flight ranges but rather rates of water loss or energy use. In those cases you may choose to set the number of time steps to 1.


79	It makes no sense to have the model continue making calculations when either the water or energy reserves are depleted. But if you wish you can make MIGRAT22 have it done by setting this variable to 1.


81	If you make MIGRAT22 conduct many simulations with data from file (MIGRATE.DAT) it may be convenient to attach a tag to these input cases to facilitate identification of the simulations.








�
Running the program





A Migrat22 session starts with editing the MIGRATE.DEF file in an ordinary (ASCII) editor such as Notepad or Wordpad. Define values for fixed variables and how MIGRAT22 should deal with input and output data. Thereafter MIGRATE.DAT should be edited. Enter values for all variables with an ‘F’ in the ‘VForE’ field in MIGRATE.DEF. Variable values for one simulation are written on the same line, separated by at least one space, in the order they appear in MIGRATE.DEF. If multiple lines are entered in MIGRATE.DAT, multiple simulations are conducted when running MIGRAT22. When the edited versions of MIGRATE.DEF and MIGRATE.DAT are saved and the editor closed, migrat22.exe can be started. The program first provides an overview of the settings it reads from MIGRATE.DEF. Next it asks if the outcomes of each time step in the simulations should be written to file or only the last one of each simulation. Normally you choose for the latter. Then it asks if the output format should be written in a format suitable for SPSS/PC+ or EXCEL. Choose the latter if you work with a spreadsheet program, as this output format guarantees easy importing of the output file. Whatever your choice, the program will produce the command file for SPSS/PC+ called MIGRATE.SPF.


Then the program starts the calculations and the following screen appears in which a command key line and six small windows can be distinguished:








Command keys:  Quit  Continue  Partial screen output      Press space...


(Flying(((((((Underway: reserves & clock(((((((((((((((nr. MFDE MFDW MFRE MFRW(


³Va,m/s  P,W³³Eres 116kJ  Wres 1.4g  Time 0.3h       ³³                       ³


³ 6   0.14  ³(((((((((((((((((((((((((((((((((((((((((³                       ³


³ 7   0.14  ((Underway: on outfile((((((((((((((((((((³                       ³


³ 8   0.14  ³³Texp   29.0000         mrm   108.1480  ³³                       ³


³ 9   0.14  ³³mcm     0.3498         mGm   166.3425  ³³                       ³


³10   0.14  ³³mGh  -2023.0546         MFRE   14.1300 ³³                       ³


³11   0.14  ³³Eres  116.3040         Wres    1.3775  ³³                       ³


³12   0.15  ³³tag     0.0000                         ³³                       ³


³13   0.15  ³³                                       ³³                       ³


³14   0.16  ³³                                       ³³                       ³


³15   0.17  ³³                                       ³³                       ³


³16   0.18  ³³                                       ³³                       ³


³17   0.19  ³³                                       ³³                       ³


³           ³³                                       ³³                       ³


³           ³³                                       ³³                       ³


³           ³³                                       ³³                       ³


(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((


(Flying: final etimates((((((((((((((((((((((((((((((((((((((((((((((((((((((((


³mass 0.0100 kg      b     0.170 m       Sd    0.023 m2      Sb  0.00038 m2   ³


³Cdb   0.080         A   0.00003 m2      Pmet  0.040 W       X2    1.017      ³


³Vmp   8.600 m/s     Vmr  15.700 m/s     Pmin  0.138 W       Pmr   0.178 W    ³


(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((





Commands are entered by the first letter of the respective command. The program is now waiting for you to press a key (see upper right corner) so that the next time step of the simulated migratory journey can be displayed. A command key line is displayed to the left on the first line of the screen. It gives the possibility to quit the program (Q), continue calculations without prompting for each time step (C) and you can ask for a partial screen output, to speed up calculations (P). Once C is pressed you can return to the step by step mode by pressing S(tepwise). The Partial screen output command can be reversed by pressing F(ull screen output).


The centre window depicts all the variables that are written to the output file and their values. 


The window to the right provides the final maximum flight range of the energy (MFRE) and of the water (MFRW) model as well as the flight duration (MFDE and MFDW, respectively). 


The window on the left gives the mechanical power curve as calculated by Pennycuick’s model. From this curve the maximum range flight speed and mechanical power are calculated. All variables that deal with Pennycuick’s model are depicted in the lower window.


The top window gives an overview of the time flown and the remaining water and energy reserves.


	Once the program is finished with all its tasks as stated in MIGRATE.DEF, it automatically stops. If you do not want to answer questions at the start of the program, itcan also be run in batch mode. In this mode you supply the answer to the two questions on the command line when you start the program. Write the answers ( S or F and S or E respectively) directly following ‘MIGRAT22’ and separated from it by one space(e.g. “MIGRAT22 FE”). In this mode the program will automatically go in continuos mode with partial screen output for maximum processing speed.


