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PROGRAM RISINGAIR
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This program takes input of air temperature, pressure,

specific humidity and height increment, and then finds

1) the 1ifting condensation level - the height at which a parce]l
of air becomes saturated,

2) the mountain top temperature and pressure, and

3) the base temperature, humidity and pressure at the leeside of
the mountain

Input: temperature, pressure, specific humidity, height of
mountain top, height increment

Physics: the rising air first follows the dry adiabatic lapse
rate until the LCL is reached, then follows the
saturated adiabatic lapse rate to the top of the
mountain is reached, and then follows the dry adabatic
Tapse rate to the base Tlevel.

Qutput: P,T,Td,q,e,RH,Tv, Thet,Thetv

Author: Zong-Liang Yang 3/31/2003

IMPLICIT_ NONE
Input variables

REAL TBASE, PBASE, QBASE, ZTOP, DZ
PHYSICAL CONSTANTS

REAL CP, RD, G, EPS, CPORD, GD, L
INTERMEDIATE VARIABLES

REAL RA, GS, TOLD, DQSDT, DPDT, DESDT, WOLD
OUTPUT VARIABLES

REAL T, TO, Z, P, Q, W, E, ES, RH, ZLCL

REAL TD,TV,THET,THETV

REAL RAINOUT
ASSIGN THE VALUES TO THE CONSTANTS

CP = 1004.0 !specific Heat of dry air, in 3/K/kg

Rd = 287.0 !Gas constant for dry air, in 3/K/kg

EPS = 0.622 lratio of the mass of water vapor to the mass of dry air
I (Mv/mMd)

G = 9,80665 !lgravity, in m/s**2

L = 2.501e06 !latent heat of vaporization, J/kg

Save output variables in a file

OPEN({11l, file ='LCL_MTOP.dat", status="unknown')

READ INPUT
WRITE(Gi*) ‘ENTER Thase = ', ' in degree Celcius at the base'
&Sg?gégile*;BeEETEEeTEgggI= ', TBASE,"' in degree Celcius
WRITE(Gi*) 'ENTER Pbase = ', ' in mbar at the base'
ﬁg?gégil?*ggegﬁTER Pbase = ',PBASE,’' in mbar at the base'
WRITE(6,*) 'ENTER Qbase = ', ' in g/kg at the base'

READ{5,%*) QBASE



WRITE(11,*) 'ENTER Qbase = ',QBASE, ' in g/kg at the base’

WRITE(H,*) 'ENTER Ztop = ', ' in m for the mountain top height'
READ(S5,*) ZTOP
WRITE(11,*) 'ENTER Ztop = ',ZTOP, ' in m for the mountain top
& height'
WRITE(6,*) "ENTER dz = ', ' in m for the height increment’
READ(S5,*) D2
WRITE(11,*) "ENTER dz = ',DZ, " in m for the height increment’
C
C Step 1: determine the LCL
C
C Compute upwards from base of mountain
z=20 ‘kitometers above base level
TO = TBASE+273.15 tdegree C to Kelvin
GD = G/CP ldry adiabatic lapse rate
CPORD = CP/RD Ifor pPoisson equation
Q = QBASE/1000.0 lg/kg to kg/kg
c
C
C
WRITE(11,2000)
WRITE(11,2001)
1 CONTINUE
T = T0-Z*GD
RA = RD*(1.0+0.608*Q)
P = PBASE*(T/T0)**(G/RA/GD)
E = Q*P/(EPS+(1.-EPS)*Q)
CALL ESAT(T,ES,DESDT) !Subroutine to calculate esat, desat/drT
CALL TDEW(T,E,TD) ISubroutine to calculate TD
RH = (E/ES)*100.0
TV = (1.+0.608*Q)*T
THET = T#{1000.0/P)**(RA/CP)
THETV = TVv*{1000./P)**(RA/CP)
C
C OUTPUT EVERY 50 meters or |RH-100] < 0.1
C
IF (mMop(Z,50).EQ.0 .OR. ARS(RH-100).LT.0.1)
& WRITE(11,2002) z,P,T-273.15,TD-273.15,G0*1000. ,E,RH,TV-273.15,
& THET-273.15,THETV-273.15
C
C Now move up one height increment
C

Z =2Z + DZ

IF (RH.LE.100.0) THEN
Q = QBASE/1000.0
GOTO 1

ELSE
Z=2-DZ
GOTO 99

ENDIF

2000 FORMAT (6x,'Z',6x, 'P',6x,'T',5x,'Td"',6x,'q",6x,'e",5x, "RH",
& 5%, 'Tv',3x, 'Thet',2x, 'Thetv"')

2001 FORMAT(EX,'m',5x, 'mb',2x, 'deg ¢',2x, 'deg C',3x,"g/kg",5x, 'mb",
& 6x,'%',2x,"'deg C',2x,"'deg C',2x,"'deg C")

2002 FORMAT(2F7.0,9F7.2)

C

C LCL FOUND

C

99 CONTINUE
ZLCL = Z

C

C Now find the mountain teop pressure, temperature, humidity,
C



woLD
GS

Q/(1.0-Q) ! mixing ratio in kg/kg
GD I initialize 65 for the first increment of height up

1111 CONTINUE

RA RD*(1.0+0.608*Q)

DPDT G*P/ (RA*T*GS)

CALL ESAT(T,ES,DESDT) Isubroutine to calculate esat,dest/dT
DQSDT (DESDT*EPS*P~EPS*ES*DPDT)/(P-0.378%ES)*¥2.0

GS G/ (CP+L*DQSDT)

i

C

C Now add an increment of height, DZ
C

z = Z + DZ
TOLD = T

C

C Now find T, P for the new height with the increment dz

C

T - DZ*GS _
P*(T/TOLD)**(G/RA/GS) IClass note P=f(T) given constant a GS

T
P

As the air is saturated now, and es is known from T, we can find g from

[akakse!

CALL ESAT(T,ES,DESDT) Isubroutine to calculate esat,dest/dT
Q = EPS*ES/(P-(1.0-EPS)*ES)
™D =T

100.0
ES

TV (1.+0.608*Q)*T
THET = T#(1000.0/P}**(RA/CP)
THETY = TV*(1000./P)**(RA/CP)

RH
E

QUTPUT EVERY 100 meters

IF (MOoD(Z,100).EQ.0)
& WRITE(11,2002) z,P,T-273.15,TD-273.15,Q*1000.,E,RH,TV-273.15,
& THET-273.15,THETV-273.15

akalal

C
C Repeat calculation for next height increment
C
IF (Z.LT.ZTOP) GOTO 1111
599 CONTINUE

C
C find out how much water has been rained out
C
W = EPS*ES/(P-ES)
RAINOUT = WOLD - W
C

C If the air is brought back to the base dry adiabatically, then T, P,
C

z Z - ZTOP

TOLD T

T = T+GD*ZTOP

RA = RD*{1.0+0.608*Q)
P = P*(T/TOLD)**(G/RA/GD) !
E = Q*P/(EPS+(1.-EP5)*Q)
CALL ESAT(T,ES,DESDT) !subroutine to calculate esat, desat/dT
CALL TDEW(T,E,TD) isubroutine to calculate TD
RH = (E/ES)*100.0
TV = (1.+40.608%Q)}*T
THET = T*(1000.0/P)**(RA/CP)
THETV = Tv*(1000./P)**(RA/CP)
C
C OUTPUT



WRITE(1l1,2002) Zz,P,T-273.15,TD-273.15,Q*1000.,E,RH,TV-273.15,
THET-273.15,THETV-273.15

WRITE(11,2000)

WRITE(11,2001)

[aka]

WRITE(11,*) ‘Z_LCL 'oozZLeL, ' om!
WRITE(11,*) ‘Rainout = ', RAINOUT*1000.0, ' g/kg'

End of main program

[alalal

STOP
END

SUBROUTINE ESAT(T,ES,DESDT)

Determine ES, given T

alaka!

IMPLICIT NONE
REAL T,ES,A,B,TF,DESDT
TF = 273.15

IF (T .LE. TF) THEN
21.874
7.66

17.269
35.86

ELSE

W Wk

END IF

ES
DESDT
RETURN
END

6.11*EXP((A* (T-TF})/(T-B))
A*(TE-B)Y*ES/(T-B)*%2.0

SUBROUTINE TDEW(T,E,TD)
C
C Determine TD, given T and E
C

IMPLICIT NONE

REAL T,E,A,B,TF,TD

TF = 273.15
IF {T .LE. TF) THEN
A= 21.874
B=7.66
ELSE
A= 17.269
B = 35.86
END IF
T = (R*1og(E/6.11)-A*TF)/(log(E/6.11)-A)
RETURN

END



