
1

MODIS Airborne Simulator Infrared Calibration

&KULV�0RHOOHU�DQG�/LDP�*XPOH\��66(&�8:�0DGLVRQ
1RYHPEHU���������

$OJRULWKP

7KH�WRWDO�REVHUYHG�UDGLDQFH�5
WRW
�GXULQJ�WKH�YLHZ�RI�D�0$6�EODFNERG\��WDNLQJ�LQWR�DFFRXQW�QRQ�XQLW

EODFNERG\�HPLVVLYLW\��LV�JLYHQ�E\

( ) rbbbbtot RRRR .1).( εε −+∆+= ���

ZKHUH
5

E
�DQG�ε

E
�DUH�WKH�0$6�EODFNERG\�UDGLDQFH�DQG�HPLVVLYLW\��DQG

5
U
�LV�WKH�EDFNJURXQG�UDGLDQFH�UHIOHFWHG�E\�WKH�EODFNERG\�

7KH�∆5
E
�WHUP�UHSUHVHQWV�UDGLDQFH�HUURU�UHVXOWLQJ�IURP�EODFNERG\�WHPSHUDWXUH�PHDVXUHPHQW�HUURU�

7KH�UHIOHFWHG�UDGLDQFH�5
U
�LV�GRPLQDWHG�E\�UDGLDQFH�IURP�WKH�0$6�LQVWUXPHQW�VFDQ�FDYLW\�KDUGZDUH�

$�FRQWULEXWLRQ��DV�\HW�XQTXDQWLILHG�DQG�XQDFFRXQWHG�IRU�LQ�WKH�0$6�/�%�SURGXFWLRQ�FRGH�
RULJLQDWHV�IURP�WKH�VFHQH�PLUURU�DQG�WKH�HDUWK�VFHQH�EHORZ�WKH�(5���DLUFUDIW���3URYLVLRQV�IRU�WKHVH
FRQWULEXWLRQV�PD\�EH�DGGHG�DW�D�ODWHU�GDWH�DV�0$6�SHUIRUPDQFH�FKDUDFWHUL]DWLRQ�LPSURYHV�

8VLQJ�HTQ�����D�OLQHDU�FDOLEUDWLRQ�HTXDWLRQ�IRU�0$6�HPLVVLYH�EDQGV�FDQ�EH�FRQVWUXFWHG���7KH�OLQHDU
FDOLEUDWLRQ�H[SUHVVO\�LQFOXGHV�FRUUHFWLRQ�WHUPV�IRU�QRQ�XQLW�EODFNERG\�HPLVVLYLW\�DQG�EDFNJURXQG
UDGLDQFH�UHIOHFWHG�E\�WKH�EODFNERGLHV��DQG�DVVXPHV�WKDW�ERWK�EODFNERGLHV�KDYH�WKH�VDPH�HPLVVLYLW\�
7KH�EODFNERG\�WHPSHUDWXUH�PHDVXUHPHQW�HUURU�∆5

E
�KDV�QRZ�EHHQ�LQFRUSRUDWHG�LQWR�WKH�EODFNERG\

HPLVVLYLW\�FRUUHFWLRQ�WHUP�ε
E
��PDNLQJ�WKDW�WHUP�DQ�HIIHFWLYH�HPLVVLYLW\��7KH�IRUP�RI�WKH�OLQHDU

FDOLEUDWLRQ�HTXDWLRQ�LV

� bsbs ICSR += . ���

ZKHUH
5

V
�DQG�&

V
�UHIHU�WR�VFHQH�UDGLDQFH�DQG�GLJLWDO�FRXQWV��DQG

6
E
�DQG�,

E
�UHIHU�WR�FDOLEUDWLRQ�VORSH�DQG�LQWHUFHSW�

7KH�FDOLEUDWLRQ�VORSH�6
E
�DQG�WKH�LQWHFHSW�,

E
�DUH�JLYHQ�E\�WKH�HTXDWLRQV







−
−=

aw

aw
bb CC

RR
S .

( ) ( ) abarab CSRRRI .1. −−−+=

ZKHUH
5

Z
�DQG�5

D
�UHIHU�WR�ZDUP�DQG�DPELHQW�EODFNERG\�PHDVXUHG�UDGLDQFH�

&
Z
�DQG�&

D
�UHIHU�WR�ZDUP�DQG�DPELHQW�EODFNERG\�GLJLWDO�FRXQWV�



2

(TQ�����LV�WKH�IXQGDPHQWDO�HPLVVLYH�EDQG�OLQHDU�FDOLEUDWLRQ�HTXDWLRQ�DSSOLHG�LQ�WKH�0$6�/�%
DOJRULWKP��PRGXOH�mascal��

7R�LPSOHPHQW�HTQ������WKH�0$6�EODFNERG\�WHPSHUDWXUH�PHDVXUHPHQWV�PXVW�EH�FRQYHUWHG�WR
HTXLYDOHQW�0$6�EURDGEDQG�UDGLDQFHV���7KLV�LV�DFFRPSOLVKHG�E\�FRQYHUWLQJ�WHPSHUDWXUH�WR�UDGLDQFH
LQ�D�3ODQFN�IXQFWLRQ�IRU�HDFK�0$6�EDQG��VSHFWUDO�FKDUDFWHULVWLFV�EDVHG�RQ�0$6�ODERUDWRU\�PHDVXUHG
65)����%HFDXVH�WKH�3ODQFN�IXQFWLRQ�LV�PRQRFKURPDWLF��LW�LV�QHFHVVDU\�WR�DSSO\�PRQRFKURPDWLFLW\
FRUUHFWLRQ�FRHIILFLHQWV�WR�SURGXFH�D�EURDGEDQG�UDGLDQFH���7KH�PRQRFKURPDWLFLW\�FRUUHFWLRQ
FRHIILFLHQWV�DUH�EDVHG�RQ�DQ�LQWHJUDWLRQ�RI�WKH�PRQRFKURPDWLF�3ODQFN�IXQFWLRQ�RYHU�WKH�EDQGZLGWK
RI�D�0$6�EDQG���,Q�SUDFWLFH�WKLV�LV�DFFRPSOLVKHG�E\�SHUIRUPLQJ�WKLV�LQWHJUDWLRQ�IRU�D�ZLGH�UDQJH�RI
VFHQH�WHPSHUDWXUHV�DQG�IRUPLQJ�D�OLQHDU�UHODWLRQVKLS�EHWZHHQ�WKH�PRQRFKURPDWLF�3ODQFN
WHPSHUDWXUH�DQG�WKH�EURDGEDQG�3ODQFN�WHPSHUDWXUH�IRU�HDFK�0$6�EDQG���7KH�PRQRFKURPDWLFLW\
FRUUHFWLRQ�FRHIILFLHQWV��D�VORSH�DQG�RIIVHW��QHHG�RQO\�EH�FDOFXODWHG�RQFH�IRU�HDFK�VSHFWUDO�EDQG�DQG
DUH�DSSOLFDEOH�DV�ORQJ�DV�WKH�VSHFWUDO�VKDSH�DQG�SRVLWLRQ�RI�D�0$6�EDQG�UHPDLQV�FRQVWDQW���,Q�WKH
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0$6�/�%�FRGH����3K\VLFDOO\��WKLV�LV�WKH�UDGLDQFH�WKDW�LV�UHIOHFWHG�E\�HDFK�0$6�EODFNERG\�LQWR�WKH
0$6�IRUH�RSWLFV�ZKHQ�WKH�VFDQ�PLUURU�IDFHV�HDFK�EODFNERG\���7KH�PDMRULW\�RI�WKLV�UDGLDQFH
RULJLQDWHV�LQ�WKH�VFDQ�FDYLW\�DQG�WKXV�DQ�HVWLPDWH�RI�WKH�VFDQ�FDYLW\�WHPSHUDWXUH�FRQGLWLRQV�LV
QHFHVVDU\�WR�HVWLPDWH�5

U
���7KH�VFDQ�FDYLW\�WHPSHUDWXUH�HVWLPDWH�LV�SURGXFHG�IRU�HDFK�VFDQ�E\

FDOLEUDWLQJ�GLJLWDO�FRXQWV�ZKHQ�WKH�0$6�VFDQ�PLUURU�YLHZV�XSZDUGV�LQWR�WKH�VFDQ�KHDG���7\SLFDOO\�
EDQG����GLJLWDO�FRXQWV��´7+($'�µ�IRU�EDQG�����DUH�XVHG�KRZHYHU�DQ\�RI�WKH�0$6�ORZ�QRLVH�EDQGV
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URXJK�HVWLPDWH��ZLWKLQ���WR��°&��RI�VFDQ�FDYLW\�WHPSHUDWXUH�LV�TXLWH�VXIILFLHQW��D�JHQHUDO�UXOH�RI
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WHPSHUDWXUH�����)RU�WKH�FDOFXODWLRQ�RI�7%$&.��HTQ�����LV�DSSOLHG�ZLWK�DQ�DVVXPSWLRQ�RI�HIIHFWLYH
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GDVKHG�OLQH�VORSH����7KH�HIIHFW�RQ�WKH�RIIVHW�LV�WR�VKLIW�WKH�HQWLUH�FDOLEUDWLRQ�OLQH�XS�RU�GRZQ
GHSHQGLQJ�RQ�WKH�UHIOHFWHG�UDGLDQFH�FRQWULEXWLRQ��FRPSDUH�WKH�WZR�GDVKHG�OLQHV��

)LJXUH����0$6�WKHUPDO�FDOLEUDWLRQ�UHODWLRQVKLS���1RQ�XQLW�EODFNERG\�HPLVVLYLW\�FDOLEUDWLRQ�VORSH
�GRWWHG�OLQHV��LV�UHGXFHG�IURP�XQLW�HPLVVLYLW\�FDOLEUDWLRQ�VORSH��VROLG�OLQH��E\�WKH�HPLVVLYLW\�IDFWRU�

&DOLEUDWLRQ�OLQH�PRYHV�XS�RU�GRZQ�DV�D�IXQFWLRQ�RI�UHIOHFWHG�UDGLDWLRQ�WHUP�

)RU�PRUH�LQIRUPDWLRQ�
.LQJ��0LFKDHO�'���:��3DXO�0HQ]HO��3DWULFN�6��*UDQW��-HIIUH\�6��0\HUV��*��7KRPDV�$UQROG��6WHYHQ�(�
3ODWQLFN��/LDP�(��*XPOH\��6L�&KHH�7VD\��&KULVWRSKHU�&��0RHOOHU��0LFKDHO�)LW]JHUDOG��.HQQHWK�6�
%URZQ��DQG�)UHG�*��2VWHUZLVFK���������$LUERUQH�VFDQQLQJ�VSHFWURPHWHU�IRU�UHPRWH�VHQVLQJ�RI
FORXG��DHURVRO��ZDWHU�YDSRU��DQG�VXUIDFH�SURSHUWLHV���-RXUQDO�RI�$WPRVSKHULF�DQG�2FHDQLF
7HFKQRORJ\��������������

6RIWZDUH�2YHUYLHZ

7KH�0$6�HPLVVLYH�EDQG�FDOLEUDWLRQ�LV�LPSOHPHQWHG�E\�WKH�DWWDFKHG�)2575$1����PRGXOHV��7KH
SULPDU\�PRGXOHV�WKDW�DUH�FDOOHG�E\�WKH�PDLQ�SURJUDP�DUH�tembck�DQG�mascal��7KH�tembck�PRGXOH
HVWLPDWHV�WKH�0$6�KHDG�WHPSHUDWXUH�JLYHQ�WKH�KHDG�FRXQW�IRU�DQ�,5�ZLQGRZ�EDQG��XVXDOO\�EDQG�����
7KH�mascal�PRGXOH�FRPSXWHV�0$6�,5�EDQG�FDOLEUDWLRQ�VORSH�DQG�LQWHUFHSW�ZLWK�FRUUHFWLRQ�IRU
QRQ�XQLW�EODFNERG\�HPLVVLYLW\��7KH�VRIWZDUH�LV�DYDLODEOH�DW�WKH�IROORZLQJ�85/�

IWS���RULJLQ�VVHF�ZLVF�HGX�SXE�0$6�PDVFDO�VUF

,QSXWV�5HTXLUHG�IRU�HDFK�6FDQOLQH

)RU�HVWLPDWLQJ�WKH�UDGLDQFH�IURP�WKH�0$6�VFDQ�FDYLW\��KHDG�WHPSHUDWXUH��E\�PRGXOH�WHPEFN�
q %DQG�QXPEHU�����LV�WKH�XVXDO�YDOXH��XVH����RU����LI����LV�EDG�
q 'LJLWDO�FRXQWV�IRU�EODFNERG\��
q 'LJLWDO�FRXQWV�IRU�EODFNERG\��
q 'LJLWDO�FRXQWV�IURP�0$6�VFDQ�FDYLW\��KHDG��YLHZ
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q 7HPSHUDWXUH�IRU�EODFNERG\��
q 7HPSHUDWXUH�IRU�EODFNERG\��

)RU�FDOLEUDWLQJ�HDFK�0$6�EDQG�E\�PRGXOH�PDVFDO�
q %DQG�QXPEHU��������
q 'LJLWDO�FRXQWV�IRU�EODFNERG\��
q 'LJLWDO�FRXQWV�IRU�EODFNERG\��
q 7HPSHUDWXUH�IRU�EODFNERG\��
q 7HPSHUDWXUH�IRU�EODFNERG\��
q (VWLPDWHG�KHDG�WHPSHUDWXUH

2XWSXWV�SURGXFHG�IRU�HDFK�6FDQOLQH

q &DOLEUDWLRQ�VORSH��:DWWV�SHU�VTXDUH�PHWHU�SHU�VWHUDGLDQ�SHU�PLFURQ�SHU�FRXQW�
q &DOLEUDWLRQ�LQWHUFHSW��:DWWV�SHU�VTXDUH�PHWHU�SHU�VWHUDGLDQ�SHU�PLFURQ�

&DOOLQJ�6HTXHQFH

(DFK�LQGHQW�OHYHO�UHSUHVHQWV�RQH�OHYHO�LQ�WKH�FDOOLQJ�WUHH�

calling routine
    tembck    (compute head temperature)
        initcf    (store temperature correction coefficients for IR bands)
            getcof    (compute temperature correction coefficients)
                cenwav    (compute effective central wavelength)
                hmwsrf    (convert spectral response to 1 wavenumber spacing)
                    getlun    (get a logical unit)
                    interp    (interpolate a linear sequence)
                bndfit    (compute temperature correction slope, intercept)
                    wbrite    (compute brightness temp, wavenumber units)
                    wplanc    (compute Planck radiance, wavenumber units)
                    linreg    (compute line of best fit)
        masrad    (compute MAS radiance)
            planck    (compute Planck radiance, wavelength units)
        masbrt    (compute MAS brightness temperature)
            bright    (compute brightness temp, wavelength units)
    mascal    (compute IR calibration slope, intercept)
        masrad (see above)
        initcf (see above)

(UURU�&KHFNLQJ

(DFK�PRGXOH�FKHFNV�LW·V�LQSXW�IRU�DSSURSULDWH�YDOXHV��7KH�PRGXOHV�DUH�GHVLJQHG�WR�SULQW�D�ZDUQLQJ
DQG�FRQWLQXH�H[HFXWLRQ�LI�D�UHFRYHUDEOH�HUURU�RFFXUV��,I�D�IDWDO�HUURU�RFFXUV��WKHQ�D�ZDUQLQJ�PHVVDJH
LV�SULQWHG�DQG�H[HFXWLRQ�VWRSV�
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c-----------------------------------------------------------------------
c
c  Name:
c      SUBROUTINE BNDFIT
c
c  Purpose:
c      Compute monochromaticity temperature correction coefficients
c      given the spectral response for an infrared band.
c
c  Usage:
c      CALL BNDFIT( N, W, R, WC, T1, T2, TCS, TCI )
c
c  Input:
c      N       Number of points in wavenumber and spectral response
c              arrays
c      W       Array of wavenumbers where spectral response is defined,
c              typically at 0.1 wavenumber resolution
c              (inverse centimeters)
c      R       Spectral response values (normalized to 1.0 or
c              un-normalized are both acceptable)
c      WC      Effective central wavenumber for the band
c              (see function CENWAV)
c      T1      Lower limit of expected earth scene temperature range (K)
c      T2      Upper limit of expected earth scene temperature range (K)
c
c  Output:
c      TCS     Temperature correction slope (no units)
c      TCI     Temperature correction intercept (K)
c
c  Revised:
c      Liam.Gumley@ssec.wisc.edu
c      $Id: bndfit.f,v 1.4 1999/11/11 20:04:43 gumley Exp $
c
c  Notes:
c      The temperature correction coefficients are applied in the
c      Planck function as
c
c      R = B( WC, TCS*T+TCI )
c
c      where R is the Planck radiance in the infrared band,
c            WC is the effective central wavenumber,
c            T is the blackbody temperature,
c            B( W, TCS*T+TCI ) is the Planck function.
c
c-----------------------------------------------------------------------

      subroutine bndfit( n, w, r, wc, t1, t2, tcs, tci )

      implicit none

c ... arguments

      integer n
      real w( * ), r( * ), wc, t1, t2, tci, tcs

c ... local variables
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      integer npts, i, j
      parameter( npts = 100 )
      real r1, r2, rad, te( npts ), ti( npts ), a, b, dw, rx, wx,
     &  wbrite, wplanc
      double precision xbar, ybar, xsig, ysig, yint, slope,
     &  corr, evar, serr
      external wbrite, wplanc

c ... establish 100 point equal spacing in radiance between t1 and t2,
c ... and then convert radiances to brightness temperatures

      r1 = wplanc( wc, t1 )
      r2 = wplanc( wc, t2 )
      do i = 1, npts
        rad = ( r2 - r1 ) * real( i - 1 ) / real( npts - 1 ) + r1
        te( i ) = wbrite( wc, rad )
      end do

c ... compute true response weighted radiance for each element of te,
c ... and compute corresponding brightness temperature

      do j = 1, npts
        a = 0.0
        b = 0.0
        do i = 1, n - 1
            dw = w( i + 1 ) - w( i )
            wx = w( i ) + 0.5 * dw
            rx = 0.5 * ( r( i ) + r( i + 1 ) )
            a = a + dw * rx * wplanc( wx, te( j ) )
            b = b + dw * rx
         enddo
         rad = a / b
         ti( j ) = wbrite( wc, rad )
      enddo

c ... compute linear fit for ti vs. te,
c ... and return slope and intercept

      call linreg( npts, te, ti,
     &  xbar, ybar, xsig, ysig, yint, slope, corr, evar, serr )
      tcs = sngl( slope )
      tci = sngl( yint )

      end
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c-----------------------------------------------------------------------
c
c  Name:
c      FUNCTION BRIGHT
c
c  Purpose:
c      Compute brightness temperature in Kelvin given monochromatic
c      Planck radiance in Watts per square meter per steradian per
c      micron.
c
c  Usage:
c      RESULT = BRIGHT( WV, RAD )
c
c  Input:
c      WV      Wavelength (microns)
c      RAD     Planck radiance (Watts per square meter per
c              steradian per micron)
c
c  Output:
c      RESULT  Brightness temperature (Kelvin)
c
c  Revised:
c      Liam.Gumley@ssec.wisc.edu
c      $Id: bright.f,v 1.3 1999/11/11 20:04:43 gumley Exp $
c
c-----------------------------------------------------------------------

      real function bright( wv, rad )

      implicit none

c ... arguments

      real wv, rad

c ... local variables

      double precision h, c, b, c1, c2, ws

c ... Planck function constants

      parameter( h = 6.6260755d-34, c = 2.9979246d+8,
     &  b = 1.380658d-23, c1 = 2.0d0 * h * c**2, c2 = h * c / b )

c ... scale wavelength from microns to meters

      ws = 1.0d-6 * dble( wv )

c ... compute brightness temperature

      bright = sngl( c2 /
     &  ( ws * log( c1 / ( 1.0d6 * dble( rad ) * ws**5 ) + 1.0d0 ) ) )

      end
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c-----------------------------------------------------------------------
c
c  Name:
c      FUNCTION CENWAV
c
c  Purpose:
c      Compute an effective central wavenumber from an array of
c      spectral response values.
c
c  Usage:
c      RESULT = CENWAV( N, W1, W2, SRF )
c
c  Input:
c      N       Number of points in spectral response array
c      W1      Lower wavenumber limit of spectral response array
c              (inverse centimeters)
c      W2      Upper wavenumber limit of spectral response array
c              (inverse centimeters)
c      SRF     Spectral response data, typically at 0.1 inverse
c              centimeter resolution (normalized to 1.0 or
c              un-normalized are both acceptable).
c
c  Output:
c      CENWAV  Effective central wavenumber (inverse centimeters)
c
c  Revised:
c      Liam.Gumley@ssec.wisc.edu
c      $Id: cenwav.f,v 1.4 1999/11/12 15:51:18 gumley Exp $
c
c-----------------------------------------------------------------------

      real function cenwav( n, w1, w2, srf )

      implicit none

c ... arguments

      integer n
      real w1, w2, srf( * )

c ... local variables

      double precision sumw, sumr
      real w
      integer i

c ... compute central wavenumber

      sumw = 0.0d0
      sumr = 0.0d0

      do i = 1, n
        w = ( w2 - w1 ) * real( i - 1 ) / real( n - 1 ) + w1
        sumw = sumw + dble( srf( i ) ) * dble( w )
        sumr = sumr + dble( srf( i ) )
      enddo



9

      cenwav = sngl( sumw / sumr )

      end
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c-----------------------------------------------------------------------
c
c  Name:
c      SUBROUTINE GETCOF
c
c  Purpose:
c      Get effective central wavenumber and temperature correction
c      coefficients for a MAS IR band, given a range of expected earth
c      scene temperatures.
c
c  Usage:
c      CALL GETCOF( BAND, T1, T2, WC, TCS, TCI )
c
c  Input:
c      BAND    MAS IR band number (26-50)
c      T1      Lower limit of expected earth scene temperature range (K)
c      T2      Upper limit of expected earth scene temperature range (K)
c
c  Output:
c      WC      Effective central wavenumber (inverse centimeters)
c      TCS     Temperature correction slope (no units)
c      TCI     Temperature correction intercept (K)
c
c  Revised:
c      Liam.Gumley@ssec.wisc.edu
c      $Id: getcof.f,v 1.3 1999/11/11 20:04:44 gumley Exp $
c
c  Notes:
c      The temperature correction coefficients are applied in the
c      Planck function as
c
c      R = B( WC, TCS*T+TCI )
c
c      where R is the Planck radiance in the infrared band,
c            WC is the effective central wavenumber,
c            T is the blackbody temperature,
c            B( W, TCS*T+TCI ) is the Planck function.
c
c-----------------------------------------------------------------------

      subroutine getcof( band, t1, t2, wc, tcs, tci )

      implicit none

c ... arguments

      integer band
      real t1, t2, tcs, tci

c ... local variables

      character*20 file
      integer n, i
      real w1, w2, r( 10000 ), wc, cenwav, w( 10000 )
      external cenwav

c ... check band number
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      if( band .lt. 26 .or. band .gt. 50 ) then
        write(*,*) ’Fatal Error in subroutine GETCOF’
        write(*,*) ’MAS IR band number was out of the range [26-50]’
        write(*,*) ’Offending value was ’, band
        stop
      endif

c ... get interpolated spectral response

      file = ’srf-’//char(band/10+48)//char(mod(band,10)+48)//’.asc’
      call hmwsrf( file, n, w1, w2, r )

c ... get central wavenumber

      wc = cenwav( n, w1, w2, r )

c ... make wavenumber array

      do i = 1, n
        w( i ) = ( w2 - w1 ) * real( i - 1 ) / real( n - 1 ) + w1
      end do

c ... get temperature correction slope and intercept

      call bndfit( n, w, r, wc, t1, t2, tcs, tci )

      end
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c-----------------------------------------------------------------------
c
c  Name:
c      FUNCTION GETLUN
c
c  Purpose:
c      Get a logical unit number that is not in use.
c
c  Usage:
c      RESULT = GETLUN()
c
c  Input:
c      Nothing
c
c  Output:
c      RESULT  Logical unit number (use in OPEN statement for example)
c
c  Revised:
c      Liam.Gumley@ssec.wisc.edu
c      $Id: getlun.f,v 1.3 1999/11/11 20:04:44 gumley Exp $
c
c-----------------------------------------------------------------------

      integer function getlun()

      implicit none

c ... local variables

      integer i
      logical od

      getlun = -1

c ... search unit numbers from 20 onwards for one that is not in use

      i = 20
10    od = .false.
      inquire( i, opened = od )
      if( od ) then
        i = i + 1
        goto 10
      endif

      getlun = i

      end
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c-----------------------------------------------------------------------
c
c  Name:
c      SUBROUTINE HMWSRF
c
c  Purpose:
c      Read a spectral response data file and linearly interpolate
c      the spectral response to 0.1 inverse centimeter resolution.
c
c  Usage:
c      CALL HMWSRF( FILE, N, W1, W2, SRF )
c
c  Input:
c      FILE    Name of spectral response data file
c              The input spectral response data file should be ASCII
c              format with two columns. The first column should be
c              wavelength in microns, and the second column should
c              be spectral response (normalized to 1.0 or un-normalized
c              are both acceptable).
c              Wavelength values in the range [0.4-20.0] are accepted.
c              Wavelength values outside this range will cause an exit.
c              Negative response values in the range [-0.01,0.0] will be
c              set to zero. Negative values less than -0.01 will cause
c              an exit.
c
c  Output:
c      N       Number of points in interpolated output array
c      W1      Lower wavenumber limit of interpolated output array
c              (inverse centimeters)
c      W2      Upper wavenumber limit of interpolated output array
c              (inverse centimeters)
c      SRF     Linearly interpolated spectral response at
c              0.1 inverse centimeter resolution, normalized so that
c              maximum respose is 1.0
c
c  Revised:
c      Liam.Gumley@ssec.wisc.edu
c      $Id: hmwsrf.f,v 1.3 1999/11/11 20:04:44 gumley Exp $
c
c  Notes:
c      (1) Calls the linear interpolation subroutine INTERP.
c
c-----------------------------------------------------------------------

      subroutine hmwsrf( file, n, w1, w2, srf )

      implicit none

c ... arguments

      character*(*) file
      integer n
      real w1, w2, srf( * )

c ... local variables

      real xold( 10000 ), yold( 10000 ), xnew( 10000 ), temp( 10000 ),
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     &     big
      integer nold, ios, i, j, lun, getlun
      external getlun

c ... open input file

      lun = getlun()
      if( lun .le. 0 ) then
        write(*,*) ’Fatal Error in subroutine HMWSRF’
        write(*,*) ’Could not get a free logical unit number’
        stop
      endif
      open( unit = lun, file = file, status = ’old’, iostat = ios )
      if( ios .ne. 0 ) then
        write(*,*) ’Fatal Error in subroutine HMWSRF’
        write(*,*) ’Could not open input file’
        write(*,*) ’Input filename is ’, file
        stop
      endif

c ... read wavelength and spectral response values and check ranges

      nold = 0
20    continue
      read( unit = lun, fmt = *, iostat = ios )
     &  xold( nold + 1 ), yold( nold + 1 )
      if( ios .ne. 0 ) goto 40

      nold = nold + 1

      if( xold( nold ) .le. 0.4 .or. xold( nold ) .gt. 20.0 ) then
        write(*,*) ’Fatal Error in subroutine HMWSRF’
        write(*,*) ’Input wavelength is outside the range [0.4,20.0]’
        write(*,*) ’Offending value is at element ’, nold,
     &             ’, value is ’, xold( nold )
        write(*,*) ’Input filename is ’, file
        stop
      endif

      if( yold( nold ) .lt. -0.01 ) then
        write(*,*) ’Fatal Error in subroutine HMWSRF’
        write(*,*) ’Input response is less than -0.01’
        write(*,*) ’Offending value is at element ’, nold,
     &             ’, value is ’, yold( nold )
        write(*,*) ’Input filename is ’, file
        stop
      endif
      yold( nold ) = max( yold( nold ), 0.0 )

      goto 20

40    continue

      close( unit = lun )

c ... reverse order of spectral response data
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      j = 1
      do i = nold, 1, -1
        temp( j ) = xold( i )
        j = j + 1
      end do
      do i = 1, nold
        xold( i ) = temp( i )
      end do

      j = 1
      do i = nold, 1, -1
        temp( j ) = yold( i )
        j = j + 1
      end do
      do i = 1, nold
        yold( i ) = temp( i )
      end do

c ... convert wavelength (microns) to wavenumber

      do i = 1, nold
        xold( i ) = 1.0e4 / xold( i )
      end do

c ... construct new wavenumber array at 0.1 inverse centimeter intervals

      w1 = xold( 1 ) - mod( xold( 1 ), 0.1 ) - 0.05
      w2 = xold( nold ) - mod( xold( nold ), 0.1 ) + 0.15
      n = int( ( w2 - w1 ) / 0.1 ) + 1
      do i = 1, n
        xnew( i ) = ( w2 - w1 ) * real( i - 1 ) / real( n - 1 ) + w1
      end do

c ... interpolate to new wavenumber array spacing

      call interp( nold, xold, yold, n, xnew, srf )
      srf( 1 ) = 0.0
      srf( n ) = 0.0

c ... normalize to maximum value of 1.0

      big = -1.0e8
      do i = 1, n
        big = max( big, srf( i ) )
      end do
      do i = 1, n
        srf( i ) = srf( i ) / big
      end do

      end
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c-----------------------------------------------------------------------
c
c  Name:
c      SUBROUTINE INITCF
c
c  Purpose:
c      Compute temperature correction coefficients for all MAS IR bands
c      and store in common block which is accessed by MASRAD and MASBRT.
c
c  Usage:
c      CALL INITCF()
c
c  Input:
c      Nothing

c  Output:
c      The following variables are stored in COMMON block MASCOF
c      INIT    Flag indicating that initialization is required
c      WC      Effective central wavenumber (inverse centimeters)
c      TCS     Temperature correction slope (no units)
c      TCI     Temperature correction intercept (K)
c
c  Revised:
c      Liam.Gumley@ssec.wisc.edu
c      $Id: initcf.f,v 1.3 1999/11/11 20:04:44 gumley Exp $
c
c-----------------------------------------------------------------------

      subroutine initcf()

c ... local variables

      integer band
      real t1( 50 ), t2( 50 )

c ... common block to be read later by MASRAD and MASBRT

      integer init
      real wc( 50 ), tcs( 50 ), tci( 50 )
      common / mascof / init, wc, tcs, tci

c ... lower and upper limits of expected earth scene temperature range

      data t1 / 50 * 180.0 /, t2 / 50 * 320.0 /

c ... get coefficients for all IR bands

      if( init .ne. 1 ) then

        do band = 26, 50

          call getcof( band, t1( band ), t2( band ),
     &      wc( band ), tcs( band ), tci( band ) )

        end do

c ...   set initialization flag to be read later by MASRAD and MASBRT
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        init = 1

      endif

      end
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c-----------------------------------------------------------------------
c
c  Name:
c      SUBROUTINE INTERP
c
c  Purpose:
c      Linearly interpolate an input array.
c
c  Usage:
c      CALL INTERP( NOLD, XOLD, YOLD, NNEW, XNEW, YNEW )
c
c  Input:
c      NOLD    Number of elements in the input arrays
c      XOLD    Abscissa values for the input array (must be monotonic)
c      YOLD    Values of the input array
c      NNEW    Number of elements in the output arrays
c      XNEW    Abscissa values for the output array
c
c  Output:
c      YNEW    Linearly interpolated values of the output array
c
c  Revised:
c      Liam.Gumley@ssec.wisc.edu
c      $Id: interp.f,v 1.3 1999/11/11 20:04:45 gumley Exp $
c
c  Notes:
c      Values outside the range of the input abscissae are obtained
c      via extrapolation.
c
c-----------------------------------------------------------------------

      subroutine interp( nold, xold, yold, nnew, xnew, ynew )

      implicit none

      integer nold, nnew
      real xold( nold ), yold( nold ), xnew( nnew ), ynew (nnew )

      real slope, intercept
      integer lo, hi, j, init

      lo = 1
      hi = 2
      init = 1

      do j = 1, nnew

20      continue

c ...   check for monotonicity

        if( xold( lo ) .ge. xold( hi ) ) then
          write(*,*) ’Fatal Error in subroutine INTERP’
          write(*,*) ’Input abscissa array XOLD is not monotonic’
          write(*,*) ’Offending XOLD values are’, xold( lo ), xold( hi )
          stop
        endif
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c ...   check if output point falls between current input points

        if( xnew( j ) .gt. xold( hi ) ) then
          if( hi .lt. nold ) then
            lo = lo + 1
            hi = hi + 1
            init = 1
            goto 20
          endif
        endif

c ...   compute slope and intercept only when necessary

        if( init .eq. 1 ) then
          slope = ( yold( hi ) - yold( lo ) ) /
     &      ( xold( hi ) - xold( lo ) )
          intercept = yold( lo ) - slope * xold( lo )
          init = 0
        endif

c ...   compute output value

        ynew( j ) = slope * xnew( j ) + intercept

      end do

      end
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c-----------------------------------------------------------------------
c
c  Name:
c      SUBROUTINE LINREG
c
c  Purpose:
c      Compute line of best fit to a dataset defined in X and Y.
c
c  Usage:
c      CALL LINREG( N, X, Y, XBAR, YBAR, XSIG, YSIG, YINT,
c    &   SLOPE, CORR, EVAR, SERR )
c
c  Input:
c      N       Number of points in X and Y arrays
c      X       X ordinate array
c      Y       Y coordinate array
c
c  Output:
c      XBAR    Mean of X values
c      YBAR    Mean of Y values
c      XSIG    Standard deviation of X values
c      YSIG    Standard deviation of Y values
c      YINT    Intercept on the Y axis of the line of best fit
c      SLOPE   Slope of the line of best fit
c      CORR    Correlation coefficient
c      EVAR    Variance
c      SERR    Standard error
c
c  Revised:
c      Liam.Gumley@ssec.wisc.edu
c      $Id: linreg.f,v 1.3 1999/11/11 20:04:45 gumley Exp $
c
c  Notes:
c      All output parameters are DOUBLE PRECISION.
c
c-----------------------------------------------------------------------

      subroutine linreg( n, x, y, xbar, ybar, xsig, ysig, yint,
     &                   slope, corr, evar, serr )

      implicit none

c ... arguments

      integer n
      real x( * ), y( * )
      double precision xbar, ybar, xsig, ysig, yint, slope, corr,
     &  evar, serr

c ... local variables

      integer i
      double precision sn, cvar, xp, xvar, yp, yvar

      sn = dble( n )
      xbar = 0.0d0
      ybar = 0.0d0
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      do i = 1, n
         xbar = xbar + dble( x( i ) )
         ybar = ybar + dble( y( i ) )
      end do
      xbar = xbar / sn
      ybar = ybar / sn

      xvar = 0.0d0
      yvar = 0.0d0
      cvar = 0.0d0
      do i = 1, n
         xp = dble( x( i ) ) - xbar
         yp = dble( y( i ) ) - ybar
         xvar = xvar + xp * xp
         yvar = yvar + yp * yp
         cvar = cvar + xp * yp
      end do

      xvar = xvar / sn
      xsig = sqrt( xvar )
      yvar = yvar / sn
      ysig = sqrt( yvar )
      cvar = cvar / sn
      slope = cvar / xvar
      yint = ybar - slope * xbar
      corr = cvar / ( xsig * ysig )
      evar = slope * cvar
      serr = sqrt( abs( yvar - evar ) )
      evar = evar / yvar

      end
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c-----------------------------------------------------------------------
c
c  Name:
c      FUNCTION MASBRT
c
c  Purpose:
c      Compute brightness temperature for a MAS IR band given response
c      weighted Planck radiance.
c
c  Usage:
c      RESULT = MASBRT( BAND, RAD )
c
c  Input:
c      BAND    MAS IR band number (26-50)
c      RAD     Planck radiance (Watts per square meter per
c              steradian per micron)
c
c  Output:
c      RESULT  Brightness temperature (Kelvin)
c
c  Revised:
c      Liam.Gumley@ssec.wisc.edu
c      $Id: masbrt.f,v 1.3 1999/11/11 20:04:45 gumley Exp $
c
c  Notes:
c      SUBROUTINE INITCF must be called before calling MASRAD or MASBRT
c
c-----------------------------------------------------------------------

      real function masbrt( band, rad )

      implicit none

c ... arguments

      integer band
      real rad

c ... local variables

      real t, w, bright
      external bright

c ... common block of coefficients which is initialized in INITCF
c ... (INITCF must be called before MASRAD or MASBRT)

      integer init
      real wc( 50 ), tcs( 50 ), tci( 50 )
      common / mascof / init, wc, tcs, tci

c ... check that coefficients were created by INITCF

      if( init .ne. 1 ) then
        write(*,*) ’Fatal Error in subroutine MASBRT’
        write(*,*) ’Subroutine INITCF must be called before MASBRT’
        stop
      endif
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c ... check input arguments

      if( band .lt. 26 .or. band .gt. 50 ) then
        write(*,*) ’Fatal Error in subroutine MASBRT’
        write(*,*) ’Input argument BAND was out of the range [26,50]’
        write(*,*) ’Offending value was ’, band
        stop
      endif

      if( rad .lt. 0.0 .or. rad .ge. 20.0 ) then
        write(*,*) ’Fatal Error in subroutine MASBRT’
        write(*,*) ’Input argument RAD was out of the range [0.0,20.0]’
        write(*,*) ’Offending value was ’, rad
        stop
      endif

c ... check the coefficients just to be sure

      if( wc( band ) .le. 600.0 .or. wc( band ) .gt. 3500.0 ) then
        write(*,*) ’Fatal Error in subroutine MASBRT’
        write(*,*) ’Variable WC was out of the range [600,3500]’
        write(*,*) ’Offending value was at element’, band,
     &    ’, value was ’, wc( band )
        stop
      endif

      if( tcs( band ) .le. 0.98 .or. tcs( band ) .gt. 1.02 ) then
        write(*,*) ’Fatal Error in subroutine MASBRT’
        write(*,*) ’Variable TCS was out of the range [0.98,1.02]’
        write(*,*) ’Offending value was at element’, band,
     &    ’, value was ’, tcs( band )
        stop
      endif

      if( tci( band ) .le. -2.0 .or. tci( band ) .gt. 2.0 ) then
        write(*,*) ’Fatal Error in subroutine MASBRT’
        write(*,*) ’Variable TCI was out of the range [-2.0,2.0]’
        write(*,*) ’Offending value was at element’, band,
     &    ’, value was ’, tci( band )
        stop
      endif

c ... convert effective central wavenumber to wavelength in microns

      w = 1.0e4 / wc( band )

c ... compute brightness temperature

      t = bright( w, rad )

c ... apply temperature correction

      masbrt = ( t - tci( band ) ) / tcs( band )

      end
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c-----------------------------------------------------------------------
c
c  Name:
c      SUBROUTINE MASCAL
c
c  Purpose:
c      Compute MAS IR band calibration slope and intercept with
c      correction for non-unit blackbody emissivity.
c
c  Usage:
C      CALL MASCAL( BAND, BB1C, BB2C, BB1T, BB2T, HEADT,
C    &   SLOPE, INTERCEPT )
c
c  Input:
c      BAND      MAS IR band number (26-50)
c      BB1C      Digital counts for blackbody 1
c      BB2C      Digital counts for blackbody 2
c      BB1T      Temperature for blackbody 1 (Kelvin)
c      BB2T      Temperature for blackbody 2 (Kelvin)
c      HEADT     Estimated head temperature (Kelvin) [function TEMBCK]
c
c  Output:
c      SLOPE     Calibration slope (Watts per square meter per
c                steradian per micron per count)
c      INTERCEPT Calibration intercept (Watts per square meter per
c                steradian per micron)
c
c  Revised:
c      Liam.Gumley@ssec.wisc.edu
c      $Id: mascal.f,v 1.5 1999/11/12 16:39:35 gumley Exp $
c
c-----------------------------------------------------------------------

      subroutine mascal( band, bb1c, bb2c, bb1t, bb2t, headt,
     &  slope, intercept )

      implicit none

c ... arguments

      integer band, bb1c, bb2c
      real bb1t, bb2t, headt, slope, intercept

c ... local variables

      real emis( 50 ), masrad, rad1, rad2, radbck
      external masrad

c ... effective blackbody emissivity for all 50 MAS bands

      data emis / 25 * 1.0,
     &  0.98095, 0.98104, 0.98115, 0.98124, 0.98134,
     &  0.98145, 0.98155, 0.98164, 0.98175, 0.98184,
     &  0.98194, 0.98203, 0.98213, 0.98223, 0.98233,
     &  0.98243, 0.94590, 0.94102, 0.93890, 0.93782,
     &  0.93668, 0.93668, 0.93700, 0.93764, 0.93858 /
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c ... set default return values

      slope = 0.0
      intercept = 0.0

c ... check input arguments

      if( band .lt. 26 .or. band .gt. 50 ) then
        write(*,*) ’Warning in subroutine MASCAL’
        write(*,*) ’Input argument BAND was out of the range [26,50]’
        write(*,*) ’Offending value was ’, band
        write(*,*) ’Slope and Intercept set to zero in MASCAL’
        return
      endif

      if( bb1c .le. 0 .or. bb1c .ge. 100000 ) then
        write(*,*) ’Warning in subroutine MASCAL’
        write(*,*) ’Input argument BB1C was out of the range [0,100000]’
        write(*,*) ’Offending value was ’, bb1c
        write(*,*) ’Slope and Intercept set to zero in MASCAL’
        return
      endif

      if( bb2c .le. 0 .or. bb2c .ge. 100000 ) then
        write(*,*) ’Warning in subroutine MASCAL’
        write(*,*) ’Input argument BB2C was out of the range [0,100000]’
        write(*,*) ’Offending value was ’, bb2c
        write(*,*) ’Slope and Intercept set to zero in MASCAL’
        return
      endif

      if( bb1c .ge. bb2c ) then
        write(*,*) ’Warning in subroutine MASCAL’
        write(*,*) ’Input argument BB1C was GE than BB2C’
        write(*,*) ’Offending values were ’, bb1c, bb2c
        write(*,*) ’Slope and Intercept set to zero in MASCAL’
        return
      endif

      if( bb1t .le. 180.0 .or. bb1t .ge. 320.0 ) then
        write(*,*) ’Warning in subroutine MASCAL’
        write(*,*) ’Input argument BB1T was out of the range ’ //
     &    ’[180.0,320.0]’
        write(*,*) ’Offending value was ’, bb1t
        write(*,*) ’Slope and Intercept set to zero in MASCAL’
        return
      endif

      if( bb2t .le. 180.0 .or. bb2t .ge. 320.0 ) then
        write(*,*) ’Warning in subroutine MASCAL’
        write(*,*) ’Input argument BB2T was out of the range ’ //
     &    ’[180.0,320.0]’
        write(*,*) ’Offending value was ’, bb2t
        write(*,*) ’Slope and Intercept set to zero in MASCAL’
        return
      endif
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      if( bb1t .ge. bb2t ) then
        write(*,*) ’Warning in subroutine MASCAL’
        write(*,*) ’Input argument BB1T was GE than BB2T’
        write(*,*) ’Offending values were ’, bb1t, bb2t
        write(*,*) ’Slope and Intercept set to zero in MASCAL’
        return
      endif

      if( headt .le. 180.0 .or. headt .ge. 320.0 ) then
        write(*,*) ’Warning in subroutine MASCAL’
        write(*,*) ’Input argument HEADT was out of the range ’ //
     &    ’[180.0,320.0]’
        write(*,*) ’Offending value was ’, headt
        write(*,*) ’Slope and Intercept set to zero in MASCAL’
        return
      endif

c ... initialize planck function temperature correction coefficients
c ... (must be done before calling MASRAD or MASBRT)

      call initcf()

c ... convert blackbody and head temperatures to radiance

      rad1 = masrad( band, bb1t )
      rad2 = masrad( band, bb2t )
      radbck = masrad( band, headt )

c ... compute emissivity corrected calibration slope and intercept

      slope = emis( band ) * ( ( rad2 - rad1 ) / real( bb2c - bb1c ) )
      intercept = rad1 + ( radbck - rad1 ) * ( 1.0 - emis( band ) ) -
     &  slope * real( bb1c )

      end
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c-----------------------------------------------------------------------
c
c  Name:
c      FUNCTION MASRAD
c
c  Purpose:
c      Compute response weighted Planck radiance for a MAS IR band given
c      brightness temperature.
c
c  Usage:
c      RESULT = MASRAD( BAND, TEM )
c
c  Input:
c      BAND    MAS IR band number (26-50)
c      TEM     Brightness temperature (Kelvin)
c
c  Output:
c      RESULT  Planck radiance (Watts per square meter per
c              steradian per micron)
c
c  Revised:
c      Liam.Gumley@ssec.wisc.edu
c      $Id: masrad.f,v 1.3 1999/11/11 20:04:45 gumley Exp $
c
c  Notes:
c      SUBROUTINE INITCF must be called before calling MASRAD or MASBRT
c
c-----------------------------------------------------------------------

      real function masrad( band, tem )

      implicit none

c ... arguments

      integer band
      real tem

c ... local variables

      real t, w, planck
      external planck

c ... common block of coefficients which is initialized in INITCF
c ... (INITCF must be called before MASRAD or MASBRT)

      integer init
      real wc( 50 ), tcs( 50 ), tci( 50 )
      common / mascof / init, wc, tcs, tci

c ... check that coefficients were created by INITCF

      if( init .ne. 1 ) then
        write(*,*) ’Fatal Error in subroutine MASRAD’
        write(*,*) ’Subroutine INITCF must be called before MASRAD’
        stop
      endif
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c ... check input arguments

      if( band .lt. 26 .or. band .gt. 50 ) then
        write(*,*) ’Fatal Error in subroutine MASRAD’
        write(*,*) ’Input argument BAND was out of the range [26,50]’
        write(*,*) ’Offending value was ’, band
        stop
      endif

      if( tem .le. 100.0 .or. tem .ge. 1000.0 ) then
        write(*,*) ’Fatal Error in subroutine MASRAD’
        write(*,*) ’Input argument TEM was out of the range [100,1000]’
        write(*,*) ’Offending value was ’, tem
        stop
      endif

c ... check the coefficients just to be sure

      if( wc( band ) .le. 600.0 .or. wc( band ) .gt. 3500.0 ) then
        write(*,*) ’Fatal Error in subroutine MASRAD’
        write(*,*) ’Variable WC was out of the range [600,3500]’
        write(*,*) ’Offending value was at element’, band,
     &    ’, value was ’, wc( band )
        stop
      endif

      if( tcs( band ) .le. 0.98 .or. tcs( band ) .gt. 1.02 ) then
        write(*,*) ’Fatal Error in subroutine MASRAD’
        write(*,*) ’Variable TCS was out of the range [0.98,1.02]’
        write(*,*) ’Offending value was at element’, band,
     &    ’, value was ’, tcs( band )
        stop
      endif

      if( tci( band ) .le. -2.0 .or. tci( band ) .gt. 2.0 ) then
        write(*,*) ’Fatal Error in subroutine MASRAD’
        write(*,*) ’Variable TCI was out of the range [-2.0,2.0]’
        write(*,*) ’Offending value was at element’, band,
     &    ’, value was ’, tci( band )
        stop
      endif

c ... apply temperature correction

      t = tem * tcs( band ) + tci( band )

c ... convert effective central wavenumber to wavelength in microns

      w = 1.0e4 / wc( band )

c ... compute Planck radiance

      masrad = planck( w, t )

      end
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c-----------------------------------------------------------------------
c
c  Name:
c      FUNCTION PLANCK
c
c  Purpose:
c      Compute monochromatic Planck radiance in Watts per square meter
c      per steradian per micron given brightness temperature in Kelvin.
c
c  Usage:
c      RESULT = PLANCK( WV, TEM )
c
c  Input:
c      WV      Wavelength (microns)
c      TEM     Brightness temperature (Kelvin)
c
c  Output:
c      RESULT  Planck radiance (Watts per square meter per
c              steradian per micron)
c
c  Revised:
c      Liam.Gumley@ssec.wisc.edu
c      $Id: planck.f,v 1.3 1999/11/11 20:04:46 gumley Exp $
c
c-----------------------------------------------------------------------

      real function planck( wv, tem )

      implicit none

c ... arguments

      real wv, tem

c ... local variables

      double precision h, c, b, c1, c2, ws

c ... Planck function constants

      parameter( h = 6.6260755d-34, c = 2.9979246d+8,
     &  b = 1.380658d-23, c1 = 2.0d0 * h * c**2, c2 = h * c / b )

c ... scale wavelength from microns to meters

      ws = 1.0d-6 * dble( wv )

c ... compute radiance

      planck = sngl( 1.0d-6 * c1 /
     &  ( ws**5 * ( exp( c2 / ( ws * dble( tem ) ) ) - 1.0d+0 ) ) )

      end
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c-----------------------------------------------------------------------
c
c  Name:
c      FUNCTION TEMBCK
c
c  Purpose:
c      Estimate the MAS head temperature given the head count for an
c      IR window band (usually band 45, or band 47 if band 45 is bad).
c
c  Usage:
c      RESULT = TEMBCK( BAND, BB1C, BB2C, HEADC, BB1T, BB2T )
c
c  Input:
c      BAND    MAS IR band number (26-50, 45 is the usual value)
c      BB1C    Digital counts for blackbody 1
c      BB2C    Digital counts for blackbody 2
c      HEADC   Digital counts from MAS head view
c      BB1T    Temperature for blackbody 1 (Kelvin)
c      BB2T    Temperature for blackbody 2 (Kelvin)
c
c  Output:
c      RESULT  MAS head temperature estimate (Kelvin)
c
c  Revised:
c      Liam.Gumley@ssec.wisc.edu
c      $Id: tembck.f,v 1.3 1999/11/11 20:04:46 gumley Exp $
c
c-----------------------------------------------------------------------

      real function tembck( band, bb1c, bb2c, headc, bb1t, bb2t )

      implicit none

c ... arguments

      integer band, bb1c, bb2c, headc
      real bb1t, bb2t

c ... local variables

      real rad1, rad2, slope, intercept, radh, masrad, masbrt
      external masrad, masbrt

c ... set default return value

      tembck = -1.0

c ... check input arguments

      if( band .lt. 26 .or. band .gt. 50 ) then
        write(*,*) ’Warning in function TEMBCK’
        write(*,*) ’Input argument BAND was out of the range [26,50]’
        write(*,*) ’Offending value was ’, band
        write(*,*) ’Head temperature set to -1.0 in TEMBCK’
        return
      endif
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      if( bb1c .le. 0 .or. bb1c .ge. 100000 ) then
        write(*,*) ’Warning in function TEMBCK’
        write(*,*) ’Input argument BB1C was out of the range [0,100000]’
        write(*,*) ’Offending value was ’, bb1c
        write(*,*) ’Head temperature set to -1.0 in TEMBCK’
        return
      endif

      if( bb2c .le. 0 .or. bb2c .ge. 100000 ) then
        write(*,*) ’Warning in function TEMBCK’
        write(*,*) ’Input argument BB2C was out of the range [0,100000]’
        write(*,*) ’Offending value was ’, bb2c
        write(*,*) ’Head temperature set to -1.0 in TEMBCK’
        return
      endif

      if( bb1c .ge. bb2c ) then
        write(*,*) ’Warning in function TEMBCK’
        write(*,*) ’Input argument BB1C was GE than BB2C’
        write(*,*) ’Offending values were ’, bb1c, bb2c
        write(*,*) ’Head temperature set to -1.0 in TEMBCK’
        return
      endif

      if( headc .le. 0 .or. headc .ge. 100000 ) then
        write(*,*) ’Warning in function TEMBCK’
        write(*,*) ’Input argument HEADC was out of the range ’ //
     &    ’[0,100000]’
        write(*,*) ’Offending value was ’, headc
        write(*,*) ’Head temperature set to -1.0 in TEMBCK’
        return
      endif

      if( bb1t .le. 180.0 .or. bb1t .ge. 320.0 ) then
        write(*,*) ’Warning in function TEMBCK’
        write(*,*) ’Input argument BB1T was out of the range ’ //
     &    ’[180.0,320.0]’
        write(*,*) ’Offending value was ’, bb1t
        write(*,*) ’Head temperature set to -1.0 in TEMBCK’
        return
      endif

      if( bb2t .le. 180.0 .or. bb2t .ge. 320.0 ) then
        write(*,*) ’Warning in function TEMBCK’
        write(*,*) ’Input argument BB2T was out of the range ’ //
     &    ’[180.0,320.0]’
        write(*,*) ’Offending value was ’, bb2t
        write(*,*) ’Head temperature set to -1.0 in TEMBCK’
        return
      endif

      if( bb1t .ge. bb2t ) then
        write(*,*) ’Warning in function TEMBCK’
        write(*,*) ’Input argument BB1T was GE than BB2T’
        write(*,*) ’Offending values were ’, bb1t, bb2t
        write(*,*) ’Head temperature set to -1.0 in TEMBCK’
        return
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      endif

c ... initialize planck function temperature correction coefficients
c ... (must be done before calling MASRAD or MASBRT)

      call initcf()

c ... convert blackbody temperatures to radiance

      rad1 = masrad( band, bb1t )
      rad2 = masrad( band, bb2t )

c ... compute calibration slope and intercept

      slope = ( rad2 - rad1 ) / real( bb2c - bb1c )
      intercept = rad1 - slope * real( bb1c )

c ... compute head radiance and brightness temperature

      radh = slope * real( headc ) + intercept
      tembck = masbrt( band, radh )

      end



33

c-----------------------------------------------------------------------
c
c  Name:
c      FUNCTION WBRITE
c
c  Purpose:
c      Compute brightness temperature in Kelvin given monochromatic
c      Planck radiance in milliWatts per square meter per steradian per
c      wavenumber.
c
c  Usage:
c      RESULT = WBRITE( WN, RAD )
c
c  Input:
c      WN      Wavenumber (inverse centimeters)
c      RAD     Planck radiance (milliWatts per square meter per
c              steradian per wavenumber)
c
c  Output:
c      RESULT  Brightness temperature (Kelvin)
c
c  Revised:
c      Liam.Gumley@ssec.wisc.edu
c      $Id: wbrite.f,v 1.3 1999/11/11 20:04:46 gumley Exp $
c
c-----------------------------------------------------------------------

      real function wbrite( wn, rad )

      implicit none

c ... arguments

      real wn, rad

c ... local variables

      double precision h, c, b, c1, c2

c ... Planck function constants

      parameter( h = 6.6260755d-27, c = 2.9979246d+10,
     &  b = 1.380658d-16, c1 = 2.0d0 * h * c**2, c2 = h * c / b )

      wbrite = sngl( c2 * dble( wn ) /
     &  log( c1 * dble( wn )**3 / dble( rad ) + 1.0d0 ) )

      end
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c-----------------------------------------------------------------------
c
c  Name:
c      FUNCTION WPLANC
c
c  Purpose:
c      Compute monochromatic Planck radiance in milliWatts per square
c      meter per steradian per wavenumber given brightness temperature
c      in.
c
c  Usage:
c      RESULT = WBRITE( WN, TEM )
c
c  Input:
c      WN      Wavenumber (inverse centimeters)
c      TEM     Brightness temperature (Kelvin)
c
c  Output:
c      RESULT  Planck radiance (milliWatts per square meter per
c              steradian per wavenumber)
c
c  Revised:
c      Liam.Gumley@ssec.wisc.edu
c      $Id: wplanc.f,v 1.3 1999/11/11 20:04:47 gumley Exp $
c
c-----------------------------------------------------------------------

      real function wplanc( wn, tem )

      implicit none

c ... arguments

      real wn, tem

c ... local variables

      double precision h, c, b, c1, c2

c ... Planck function constants

      parameter( h = 6.6260755d-27, c = 2.9979246d+10,
     &  b = 1.380658d-16, c1 = 2.0d0 * h * c**2, c2 = h * c / b )

      wplanc = sngl( c1 * dble( wn )**3 /
     &  ( exp( c2 * dble( wn ) / dble( tem ) ) - 1.0d0 ) )

      end
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c ... a quick hack to test the MAS IR calibration routines

c ... Tree of subprogram calls:
c ... MAIN
c ...     TEMBCK
c ...         INITCF
c ...             GETCOF
c ...                 CENWAV
c ...                 HMWSRF
c ...                     GETLUN
c ...                     INTERP
c ...                 BNDFIT
c ...                     WBRITE
c ...                     WPLANC
c ...                     LINREG
c ...         MASRAD
c ...             PLANCK
c ...         MASBRT
c ...             BRIGHT
c ...     MASCAL
c ...         MASRAD (see above)
c ...         INITCF (see above)

      implicit none

      integer band, bb1c( 50 ), bb2c( 50 ), count( 50 ), headc
      real bb1t, bb2t, headt, slope, intercept, rad, brt, masbrt,
     &  temp( 50 ), tembck
      character answer*1
      external masbrt, tembck

c ... the following numbers are from Chris Moellers EMISCAL.f
c ... test input dataset

c ... blackbody 1 counts (for all 50 bands)

      data bb1c / 25 * 0,
     &    2119,  2066,  2359,  2163,  2342,  2042,  2491,  2213,  2140,
     &    2415,  2311,  2243,  2083,  2421,  2070,  2429,  2429,  2436,
     &    2422,  2400,  2436,  2356,  2199,  2297,  6492 /

c ... blackbody 2 counts

      data bb2c / 25 * 0,
     &    2175,  2169,  2619,  2646,  3174,  3312,  4291,  4646,  5322,
     &    6506,  7160,  7646,  8618,  9606,  9712,  9304,  8666, 16578,
     &   24144, 25486, 15082, 23782, 32745, 26221, 19857 /

c ... earth scene counts

      data count / 25 * 0,
     &    2163,  2134,  2511,  2534,  3091,  3149,  3520,  3971,  2454,
     &    2220,  3925,  6263,  6360,  6835,  6159,  4859,  8108, 13568,
     &   23243, 24666, 14549, 21436, 24512,  7883,  3373 /

c ... earth scene temperatures computed in Chris Moellers test program
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      data temp / 25 * 0.0,
     &  291.198, 288.018, 285.583, 290.225, 293.159,
     &  292.414, 283.792, 288.217, 257.119, 234.307,
     &  272.331, 288.150, 285.046, 283.416, 280.148,
     &  271.592, 291.064, 285.888, 292.434, 292.600,
     &  292.241, 289.403, 282.485, 258.376, 230.289 /

c ... Data for computing head temperature

      band = 45
      headc = 10612
      bb1t = 243.70
      bb2t = 295.61

c ... Test error handling if required

      write(*,’(’’Test error handling (y/n)’’)’)
      read(*,’(bn,a1)’) answer
      if( answer .eq. ’y’ .or. answer .eq. ’Y’) then
        headc = -1
        bb2c( 31 ) = -1
      endif

c ... Estimate head temperature using band 45 head count,
c ... or band 47 head count if band 45 fails

      headt = tembck( band, bb1c( band ), bb2c( band ), headc, bb1t,
     &  bb2t )
      if( headt .eq. -1.0 ) then
        band = 47
        headc = 10200
        headt = tembck( band, bb1c( band ), bb2c( band ), headc, bb1t,
     &    bb2t )
      endif

      write(*,’(’’BB1 TEMP (K) = ’’,f6.2)’) bb1t
      write(*,’(’’BB2 TEMP (K) = ’’,f6.2)’) bb2t
      write(*,’(’’BAND ’’,i2,’’ HEAD COUNT    = ’’,i5)’) band, headc
      write(*,’(’’BAND ’’,i2,’’ HEAD TEMP (K) = ’’,f6.2)’) band, headt
      write(*,’(a)’) ’BAND   BB1C   BB2C  COUNT    SLOPE       ’ //
     &  ’INTERCEPT   RADIANCE   TEMP    REFTEMP    DIFF’

c ... Compute earth scene temperature for each band

      do band = 26, 50

        call mascal( band, bb1c( band ), bb2c( band ), bb1t, bb2t,
     &    headt, slope, intercept )
        rad = slope * real( count( band ) ) + intercept
        brt = masbrt( band, rad )

        write(*,fmt=’(1x,i2,1x,3i7,2x,e12.6,2f11.6,3f9.3)’)
     &    band, bb1c( band ), bb2c( band ), count( band ),
     &    slope, intercept, rad, brt, temp( band ), brt - temp( band )

      end do
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      end


