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APPROXIMATING THE PRECEPITABLE WATER OF 
THE RISING AIR PARCEL USING THE SURFACE 
METEOROLOGICAL ELEMENTS 
Abdul Majeed∗, Tajdar Hussain∗, Muhammad Yaseen∗ 

Abstract: 
Atmospheric precipitable water is a good indicator of the precipitation potential and is 
often used in the meteorological as well as hydrological studies relating to the 
precipitation. Normally precipitable water (Pw) is computed by using the lower tropo-
spheric ( up to 400 hPa) temp data by plotting the temperature and dew point curves on 
the /T φ  gram. The atmosphere is divided into suitable pressure levels (normally in 
relation to the standard atmospheric levels) and the mean mixing ratio of each small 
layer is then read out form the /T φ gram. The precipitable water of each layer is then 
found out by using the relationship 
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Total precipitable water is obtained by adding together the precipitable water of all the 
sub layers. 

The method given herein allows the estimation of the precipitable water without the use 
of the temperature data and the /T φ gram. The only assumption made in the use of this 
method is that the surface air is assumed to rise adiabatically up to 400 hPa. The 
method has been computerized to compute the precipitable water for 50 mb sub layer 
intervals above the lifting condensation level (LCL) while the total layer below the LCL 
id divided into four sub layers. The method eliminates the use of /T φ gram and 
provides an extremely convenient tool for computing the Pw for any number of stations 
and events as needed. 

Introduction: 
Precipitable water is the best and most direct indicator of the atmospheric moisture, 
which is vital element in all the hydoro-met studies. 

Precipitable water in a layer of the atmosphere with pressure P1 and P2 at the bottom and 
top of the layer is given by 
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Where w is the mixing ratio at pressure P and is given by 

0.622 ew
P e

×
=

−
    ………..(2) 

e the vapour pressure is given by 
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t is the temperature in degrees centigrade. 

Thus in the case of the upper air data being available the temperature and dew point 
curves are plotted and the temperature and dew point at each atmospheric pressure level 
is found out. Starting from surface up to 400 mb level the mean mixing ratios for each 
atmospheric layer of say 100 mb thickness is computed and the precipitable water for 
each layer is worked out as per equation (1). Total precipitable water is obtained by 
adding the incremental precipitable water values of all the layers. 

However in case the upper air data is not available then the method of computing the 
precipitable water is based upon the assumption that as the air parcel rises it undergoes 
cooling at the dry adiabatic lapse rate until it reaches the LCL. Upon reaching the LCL 
further rise of the rising parcel shall be at Pseudo-adiabatic lapse rate. Thus it is 
assumed that the air parcel is made to rise through the atmosphere and in doing so it 
undergoes changes in its temperature and moisture contents in passing through the 
various atmospheric layers up to a level of 400 mbs. The level of 400 mb is fixed on 
account of the fact that due to extremely low temperature at 400mb and above the 
capacity of the air to hold moisture is so much reduced that it becomes negligible. 
Starting point in this process is the availability of three surface elements i.e., pressure, 
temperature and dew point. Pressure and altitude are inter related and it is often required 
to change one to the other during the computational process. It is thus necessary to 
consider first the pressure-altitude relationship. 

Relationship between Pressure and Altitude: 
Relationship for the pressure P at any height Z is given as 
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Where B represents temperature lapse rate and To and Po are the initial temperature and 
pressure. 

For example in case of standard atmosphere where surface pressure and temperature are 
taken as 1013.2 mb and 15°C respectively and a temperature lapse rate of 2° C / 1000 ft 
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or 0.0065/m, the height of the 850 mb layer shall be given by the above relationship 
expressed for the determination of Z as  
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Lapse Rate Computation for Unsaturated Layer: 
As already stated the rising air column shall undergo cooling initially at dry adiabatic 
lapse rate of 3 °C /1000 ft or 0.0099 °C/m up to the lifting condensation level. Using the 
surface temperature and pressure, the saturation mixing ratio ws is computed by the 
equation (2) and (3). 

The prevailing mixing ratio shall be given by using the same relationship except that 
dew point temperature td is used instead of dry bulb temperature t. 

Next step in the process is to compute the lifting condensation level which shall 
determine the top of the unsaturated layer. 

Lifting Condensation Level (LCL): 
As the air column rises temperature falls and the saturation mixing ratio also continues 
to fall until a stage comes when the saturation mixing ration of the rising parcel become 
equal to that of the prevailing mixing ration (as determined by the dew point 
temperature). This level, called the lifting condensation level is the top of the 
unsaturated layer. Using the computers, the pressure and temperature at every 10 m 
height interval is computed using equation (4) and the mixing ratio is determined. This 
shall be less than the saturation mixing ration at the ground level. The value is compared 
with that of the prevailing mixing ratio as computed earlier (using the dew point 
temperature) for equality. This way at every 10 m height interval the computed ws is 
compared with the w and the process continued until the computed ws become equal to 
w. This is the level at which the lifted air parcel is fully saturated and this level is called 
the lifted condensation level (LCL). The layer between the surface and LCL is the 
unsaturated layer for which the precipitable water is required to be computed first. 

Precipitable Water of the Unsaturated Layer (Pwd): 
Precipitable water of the unsaturated layer is obtained by following the steps as given 
below. 
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Determination of the Depth of Unsaturated layer and Its Division 
into four Sub Layers. 
Depth of the unsaturated layer is obtained by substituting the pressure at the LCL 
from the ground level pressure. A division of this by four shall give the four equal 
sub layers is terms of pressure / height.  

Computing Mean Mixing Ratio for Each Sub Layer. 
The mixing ratio at the bottom and top of each of the four sub layers is to be 
computed in order to determine the mean mixing ratio. 

Since computational process moves downwards along the pseudo adiabatic curve 
from LCL up to the surface level, the sub layers are sequentially numbered starting 
form LCL level. Thus sub layer one is the layer with top at LCL and the bottom 
pressure given by adding 1/4th of the pressure value at the LCL to pressure at LCL. 
Temperature at the bottom of this layer is obtained by converting the depth of the 
layer in meters and then working out the total increase in the temperature (in going 
downwards) at the moist adiabatic lapse rate using the relationship. 
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Where: 

T = Temperature 

P = Pressure 

L = Latent heat of vaporization 

es = Saturation vapour pressure at T 

Ra = Gas constant for dry air (0.287 joules/gm/K) 

cp = Specific heat at constant pressure for dry air (1.003 joules/gm/K) 

w = Saturation mixing ratio at T and P (gm/gm) 

c = Specific heat of liquid water (4.19 joules/gm/K) 

γd = Dry adiabatic lapse rate (0.0099 °C) 

Vapour pressure e is obtained by the equation (3) 

 and de dL
dt dt

is obtained as follows 
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Differentiating  
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Putting the value of 
de
dt

from equation (6) 
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Rv is a gas constant for the water vapour which is equal to 0.461 Joules/gram/K 
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Values of and de dL
dt dt

are obtained from equation (6) and (7) respectively and 

substituted in equation (5). 

Solution of the equation (5) shall yield the value of γm (pseudo adiabatic lapse rate) 
for the given values of pressure and temperature. 

This enables the computations of temperature at the top / bottom of the layer, whose 
pressure at the top/bottom is known, since we know the thickness of the layer in 
terms of pressure. Computations of the temperature can be done readily by knowing 
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the value of pseudo adiabatic laps rate as determined by solving equation (5) for the 
given values of pressure at the top / bottom layer. 

Thus knowing the pressure and temperature at the bottom and top of the sub layer 
the mixing ratios at the top and bottom are obtained using the equation (2). Mean of 
mixing ratios is the mean mixing ratio of the sub layer. 

This way working downwards along the pseudo adiabatic lapse rate the pressure and 
temperatures of the subsequent layers is obtained and the mean mixing ratio for 
each layer is found out. 

Reduction of the Mean Mixing Ratios to Cater for the Saturation 
Deficiency 
Next step involved in this process is to reduce the mean mixing ratio of each sub 
layer in relation to its departure from saturation as ascertained through the mean 
relative humidity of each sub layer. Relative humidity at the top of the unsaturated 
layer is 100% while the relative humidity at the surface level is obtained by the 
quation. 

 ( ) 100
s

s
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e

= ×  

Where e and es are the existing and saturation vapour pressures. e and es are 
obtained using the dew point (td) and temperature (t) in the above equation. 
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Relative humidity at the surface RH is then subtracted from 100 to know the 
departure from Saturation (DS). 

Thus  100DS RH= −  

Then this is divided by four to know the four equal values of the departure indicated 
by the symbol M, thus  

 
4

DSM =  

Now to obtain the mean mixing ratio of the reduction factor MRF for the layer close 
to the surface, which is the 4th layer; the value of the MRF4  
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Similarly the mean mixing reduction factor for the layer upwards if the layer is the 
layer number 3 is obtained as  
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While the factor for the 2nd layer is given by 
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The reduction factor for the top layer (layer number 1) is given by 
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Computing the Precipitable Water for Each Sub Layer 
Mean mixing ratios of the sub layers as computed under para 2 are multiplied by 
their respective reduction factors to obtain the mean mixing ratios corrected for the 
lack of saturation. 

Having computed the corrected mean mixing ratios of each sub layer, the 
precipitable water for each sub layer is computed using the equation. 
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Where P1 and P2 are the pressure at the bottom and top of the sub layer and w is the 
corrected mean mixing ratio of the layer and dP is the depth of the sub layer in 
terms of pressure. 

Precipitable water for the unsaturated layer is then obtained by adding the 
precipitable water for all the four sub layers. 

Precipitable Water of the Saturated Layer 
Thickness of the saturated layer shall be from LCL up to 400 mb. Rising parcel of 
the air beyond LCL shall cool at the pseudo adiabatic lapse rate as given by the 
equation (5). 

The entire moist or saturated layer is subdivided into layers of 50 mb thickness and 
using the pseudo adiabatic lapse rate above LCL obtained by using equation (5), the 
mixing ratios for the LCL level and the level above 50 mb is found out. Mixing ratio 
of the 50 mb layer is the mean of the mixing ratios of the bottom and top of the 50 
mb layer. This shall enable the determination of the precipitable water of the 50 mb 
thick layer above LCL using equation (1). This way the precipitable water for each 
subsequent 50 mb layer up to the level 400 mb is obtained. 

Precipitable water of the moist layer shall be the sum of all the precipitable waters 
(Pw’s) of all the 50 mb incremental layers up to 400 mb. 

Total Precipitable Water: 
Total precipitable water is the sum of the precipitable waters of the dry and moist 
layers 
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  w wd wsP P P= +  

The computational Process has been computerized and the necessary software in Fortran 
77 is attached as Annexure I. 
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                                                        Annexure-1 

$storage:2 
$debug 
c Programme QVFfn.FOR used first a= 0.0099 Laps rate  
c 3Cøper Thousand Feett. 
        Dimension w(600),es(600),qv(600) 
 character*20 sta(600)*10,st*15,stn(600),lin 
        open(1,file='normal',status='old') 
        open(2,file='resn.qv',status='new') 
        open(3,file='tempn',status='new') 
        open(4,file='t_d_diff',status='new') 
        do 50 k=1,600 
        mx=mod(k,12) 
        if(mx.eq.1)read(1,'(9x,a15)')st 
 if(mx.eq.1)read(1,'(9x,a22)')lin 
         read(1,'(1x,a9,f6.1,f8.1,f9.1)',end=51)stn(k),p1,t1,td 
        tdif=t1-td 
       write(4,'(5x,f9.2)')tdif 
        a=.0099 
        z1=10*(1013.4-p1) 
 write(2,'(5x,  '' z1  ''f9.2)')z1 
        t=t1 
        do 20 j=1,2 
 b=17.27*t 
 c=237.3+t 
 d1=b/c 
 es(j)=611*(2.71828)**d1 
 es(j)=es(j)/100. 
        qv(j)=0.622*es(j)/p1 
 w(j)=0.622*es(j)/(p1-es(j)) 
 w(j)=w(j)*1000. 
       write(2,'(5x,''p1 t es(j) w(j) '',3f15.2,f10.4)')p1,t,es(j),w(j) 
 t=td 
20      continue 
 rti=es(2)/es(1)  
        t=t1 
        rd=287.0 
        Ra1=Rd*(1+0.608*qv(1)) 
 rho1=p1/(ra1*(td+273)) 
        g=9.81 
 z2=z1+10 
        t2=t-a*(z2-z1) 
 write(*,'(5x,'' t2 ''f9.2)')t2 
 b=17.27*t2 
 c=237.3+t2 
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 d2=b/c 
        es(3)=611*2.71828**d2 
 es(3)=es(3)/100. 
 f=g/(a*ra1) 
        p2=p1*((t2+273)/(t1+273))**f 
        qv(3)=0.622*es(3)/p2 
 w(3)=0.622*es(3)/(p2-es(3)) 
 w(3)=w(3)*1000. 
        Ra2=Rd+(1+0.608*qv(3)) 
        Rho2=P2/(Ra2*(t2+273)) 
 write(*,'(5x,'' ra2 ''f9.2)')ra2 
        ram=(rho1+rho2)/2 
        qvm=(qv(1)+qv(3))/2 
        wm=(w(3)+w(3))/2 
        amp=ram*qvm*(z2-z1) 
 write(2,'(f7.0)')z1 
      write(2,'(5x,'' p1 t1 es1 w1''3f15.2,2f10.4)')p1,t,es(1),w(1) 
 write(2,'(f7.0)')z2 
      write(2,'(5x,'' p2 t2 es2 w2''3f15.2,2f10.4)')p2,t2,es(3),w(3) 
 do 10 iy=3,500 
 z2=10+z1 
 a=.0099 
        t3=t2-a*(z2-z1) 
 b=17.27*t3 
 c=237.3+t3 
 d3=b/c 
        es(iy)=611*2.71828**d3 
        es(iy)=es(iy)/100. 
 f=g/(a*ra1) 
        p3=p2*((t3+273)/(t2+273))**f 
        qv(iy)=0.622*es(iy)/p3 
 w(iy)=0.622*es(iy)/(p3-es(iy)) 
 w(iy)=w(iy)*1000. 
 if(w(iy).lt.w(2))then 
 if(ch.eq.0)then 
      write(2,'(5x,''p3 t3 es3 w3 '',4f15.2)')p3,t3,es(iy),w(iy) 
 wm=(w(iy)+w(1))/2 
 write(2,'(''   z2 IN METERS '',f7.0)')z2 
 write(2,'(5x,''lcl level reached'',3f10.2)')w(iy),w(1),wm 
 endif 
 et=611*exp((17.27*t)/(237.3+t)) 
 etd=611*exp((17.27*td)/(237.3+td)) 
 rh=etd/et*100 
 if(ch.eq.0)then 
 rh1=rh/100. 
 rh=(rh+100)/2/100 
 rm=rh*wm 



Pakistan Journal of Meteorology Vol. 3: Issue 5, June 2006 

55 

 dp=p1-p3 
 pw=0.0004*rm*dp 
 write(2,'(5x,''et etd rh =''2f9.2,f7.2,f9.2)')et,etd,rh,rm 
 write(2,'(5x,''in_pres  new_presw  pre_water ''3f9.2)')p1,p3,pw 
 if(mx.eq.1)write(3,'(2x,a)')st 
        write(3,'(1x,a,4f9.2,f9.2,2f7.1)')stn(k),p1,p3,t3,pw,rh1,t1,td 
 endif 
 ch=1 
 endif 
        Ra3=Rd+(1+0.608*qv(iy)) 
        Rho3=P3/(Ra3*(t3+273)) 
        ram=(rho2+rho3)/2 
 if(iy.eq.3)i=1 
        qvm=(qv(i)+qv(iy))/2 
 i=iy 
        amp2=ram*qvm*(z2-z1) 
        tam=tam+amp2 
 if(iy.eq.3)then 
 tam=tam+amp  
 endif 
 pw=tam/25.4 
 t2=t3 
 p2=p3 
 rho2=rho3 
 z1=z2 
10  continue 
 ch=0 
50      continue 
51      continue 
        close(2) 
 close(3) 
        stop 
 end 
 

 

 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


