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MonoRTM: Recent updates

• MonoRTM v3.3 (2007) 
– Updated widths for 22 GHz, 183 GHz lines
– 22 GHz: MWRP at SGP
– 183 GHz: GVR at NSA (incl. RHUBC data)

• MonoRTM v4.0 (2008)
– Can now be used at any wavelength

• E.g. for monochromatic calculations at lidar frequencies
– Now uses MT_CKD continuum

• Consistent with LBLRTM
– Corrected an error in the N2 continuum



Differences between MonoRTM versions

At higher PWV, v3.3-v4.0_Rkish goes negative due to increased influence of self continuum.



Measurements
Instrument Location Dates Max. PWV

MWR SGP 1993-2008 5 cm

MWRHF
GSR

COPS (FKB)
NSA

06/07-01/08
03/04, 03/07

3 cm 
1 cm

MWRHF COPS (FKB) 06/07-01/08 3 cm 

MP183
GVR

SGP
NSA

01/08-03/08
01/07-present

2 cm
2 cm
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Water vapor continuum

Foreign Self



Extending the SGP MWR analysis 
Continuum uncertainty

ΔTB =aΔXfrg(PWV)+bΔXslf (PWV)2

PWV

ΔTB

foreign self

Measurements at higher PWV (>3.0 cm) needed to 
constrain the self-broadened continuum



Scaling of PWV using MWR



SGP MWR analysis
Karen Cady-Pereira, Tony Clough
2274 clear sky sondes, 1996-1998



CKD_2.4 and Rosenkranz continua
31.4 GHz

Continuum absorption
relative to CKD_2.4

Consistent with 
measurements

Not consistent with 
measurements

(Note that H2O continuum was not the only difference between the 
MonoRTM and the Rosenkranz models for this 1996-1998 comparison…..)



31.4 GHz residuals
1218 clear sky sondes, SGP, January 2005 to December 2007

MT_CKD

Continuum relative to MT_CKD_2.1



31.4 GHz residuals
1218 clear sky sondes, SGP, January 2005 to December 2007

Continuum relative to MT_CKD_2.1

XRFG = 0.75
XSLF = 1.90



31.4 GHz residuals
1218 clear sky sondes, SGP, January 2005 to December 2007

Continuum relative to MT_CKD_2.1

XRFG = 0.90
XSLF = 1.20

XRFG = 0.85
XSLF = 1.35



31.4 GHz chi-squared surface

Uncertainty 
estimates:
+/-5 % on foreign
+/-20 % on self



170 GHz residuals

• Confidence in MP183 from RHUBC

MP183 at SGP, 77 clear sky sondes, January to March 2008
Retrieved PWV scaling factor based on MWR 23.8 GHz (no offset applied)
Thanks to Maria Cadeddu for making MP183 data available!

M
P

18
3 

-M
on

oR
TM

(K
)



170 GHz chi-squared surface

Consistent with 31.4 GHz continuum scaling factors!
Self-broadened continuum poorly constrained due to limited PWV range



COPS dataset
July to December 2007

• MWR (23.8, 31.4 GHz)
• MWRHF (90, 150 GHz)
• 35 clear-sky sondes (provided by D. Turner)
• Determination of instrument offsets 

– Particularly problematic due to limited clear sky data
– Evidence for need for MWR offsets is limited

MWR - MonoRTM v4.0, COPS dataset SGP dataset



150 GHz residuals
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MT_CKD_2.1

MT_CKD_2.1

XFRG=0.85
XSLF=1.35

XFRG=0.70
XSLF=1.90

XFRG=0.85
XSLF=1.35

XFRG=0.70
XSLF=1.90



150 GHz chi-squared surface

Zero offset for MWR 1.0 K offset for MWR

Consistent with 31.4 and 170 GHz if no offset is applied to the MWR



Water vapor continuum:
Constraints from microwave measurements

Foreign Self

Continuum has limited spectral variation between 0-10 cm-1 (0-300 GHz)
No changes between MT_CKD 1.0 and 2.1 in this spectral region

Pink bars indicate constraints from ARM measurements
Additional constraint from balance between self and foreign



Cloudy minus clear-sky differences



Differences in inferred LWP (gm-2)
(MonoRTM v3.3  minus scaled v4.0, assuming fixed PWV)

PWV 
(cm)

XFRG 0.90
XSLF 1.20

XFRG 0.75
XSLF 1.80

0.15 -0.54 0.57
1.5 4.9 11
3.0 7.2 7.0

PWV 
(cm)

XFRG 0.90
XSLF 1.20

XFRG 0.75
XSLF 1.80

0.15 -1.6 3.4
1.5 16 32
3.0 21 21

PWV 
(cm)

XFRG 0.90
XSLF 1.20

XFRG 0.75
XSLF 1.80

0.15 -1.3 2.2
1.5 15 30
3.0 21 21

PWV 
(cm)

XFRG 0.90
XSLF 1.20

XFRG 0.75
XSLF 1.80

0.15 -0.90 1.0
1.5 8.3 17
3.0 12 12

31.4 GHz

170 GHz150 GHz

90 GHz

Negative values due to N2 error in v3.3



Summary
• SGP MWR dataset provides tightest 

constraints on continuum
– Largest range of PWV
– Largest number of available clear-sky sondes
– Longest-running dataset (confidence in 

calibration)
• Evidence of need for a continuum update

– Microwave work will be combined with far-IR work 
(J. Delamere et al.) in an updated version of the 
MT_CKD continuum

– Water vapor continuum scaling factors:
• (0.85, 1.35) to (0.90, 1.20) for foreign, self

– MonoRTM v4.1 impending (< 1 month)
• Impact on LWP retrievals to be determined

Expect impact to be greatest for CLOWD cases



Backup slides……



SGP MWR offsets

Estimate of 23.8 GHz offset uncertainty: 0.1 K

23.8 GHz offset based on unscaled sondes:
obtained by fitting 2nd order polynomial through zero PWV



31.4 GHz residuals
1218 clear sky sondes, SGP, January 2005 to December 2007
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