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lkj &,u-bZ-,l-Mh-vkbZ-,l- ¼jk"Vªh; Ik;kZoj.kh; mixzg] vk¡dM+k vkSj lwpuk lsok½ }kjk gky gh esa 
miHkksDrk leqnk; ds fy, /kzqoh; d{kh; mixzgksa ,u-vks-,-,- 15 vkSj 16 ls HkweaMyh; mPp foHksnu ¼120 fd-eh-½ 
,-Vh-vks-oh-,l- rkieku vkSj ueh izksQkby ds vk¡dMs+ miyC/k djk, x,A  jk"Vªh; e/;kof/k iwokZuqeku dsUnz us 
Hkh bu lwpukvksa dk vius izpkyukRed HkweaMyh; vk¡aadM+k lekos'ku i)fr  esa mi;ksx djuk vkjaHk dj fn;k 
gSA buds izpkyukRed mi;ksx ls igys xgu izHkko ewY;kadu iz;ksx fd, x, gaSA Hkkjr esa nf{k.kh if'peh 
ekulwu ds vkxeu  ds le; Hkh buds izHkko dk v/;;u fd;k x;k gSA bl 'kks/k&i= esa bu iz;ksxksa ds 
ifj.kkeksa dks izLrqr fd;k x;k gSA bl v/;;u ls irk pyk fd fo'ks"kdj egklkxjh; {ks= esa 120 ?kaVs rd ds 
iwokZuqeku ds fy, ,-Vh-vks-oh-,l vk¡dM+ksa  dk izHkko vkSlr fo'ysf"kr vkSj iwokZuqekfur QhYM esa ns[kk x;k gSA 
blls ;g Hkh irk pyk gS fd bu vk¡dM+ksa ds mi;ksx ls Hkkjrh; izk;}hih; {ks= vkSj mlds lehiorhZ leqnzksa esa 
o"kkZ dk 72 ?kaVs rd dk iwokZuqeku vkSj vf/kd csgrj rjhds ls yxk;k tk ldrk  gSA bl laca/k esa blls vkSj 
vf/kd lq/kkj dh xaqtkb'k ugha gSA 

 
ABSTRACT. Global high resolution (120 km) ATOVS temperature and moisture profile data from polar orbiting 

satellites NOAA 15 & 16 is been made available to user community recently by NESDIS (National Environmental 
Satellite, Data and Information Service). NCMRWF also has started using these products in its operational global data 
assimilation system.  Extensive impact assessment experiments have been conducted prior to its operational utilization.   
Impact is also studied during the onset phase of southwest monsoon over India. Results of these experiments are 
presented in this article. Study show that the impact of ATOVS data is seen on the mean analysed and predicted fields 
upto 120 hrs prediction specially over the oceanic region. It also reveals that the utilization of these data is able to predict 
the rainfall over the Indian peninsular region and the adjoining ocean in more realistic manner upto 72 hr forecast, 
beyond which there is hardly any meaningful improvement. 
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1. Introduction 

 
Quality of weather forecasting has improved 

immensely over the last century and one of the major 
reasons for the improvement is significant achievement in 
our ability to observe global atmosphere more thoroughly 
both in space and time. Conventional observations over 
the oceanic region are inadequate to determine the initial 
structure of the atmosphere and hence continuous efforts 
are on at different numerical weather prediction (NWP) 
centers to utilize various other types of data. Technical 
advancement to collect and process the wide variety of 
space based observations and the cost effectiveness of the 
space-based system has opened an opportunity to 
assimilate all these new information. Temperature and 

moisture profile data from polar orbiting satellite is one of 
such data set. The vertical profiles of temperature and 
humidity from TIROS Operational Vertical Sounder 
(TOVS) system, on board NOAA series of satellite were 
available to scientific community since 1979.    
NCMRWF was using global coarse resolution (500 km) 
TOVS temperature and moisture data from NOAA –11, 
12 and later NOAA-14 received through global 
telecommunication system (GTS) since its existence.  The 
distribution of 500 km SATEM data on GTS has been 
discontinued from May 2001. Now days NESIDS 
processed global ATOVS (advanced TOVS) temperature 
and moisture profile data from NOAA 15 & 16 at 120 km 
resolution in BUFR code is been made available to user 
community. 
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Figs. 1(a&b).  (a) Temperature at 850 hPa (ATOVS NOAA 15 & 16) received at NCMRWF 0000 UTC 
29 September 2001 and (b) Total precipitable water content (TPWC) (ATOVS NOAA 15 
& 16) received at NCMRWF 0000 UTC  29 September 2001 

 
 
 
 
The positive impact of assimilation of ATOVS data 

on global analysis-forecast system was reported by many 
operational NWP centers. The incorporation of ATOVS 
level-1b radiance in the global variational assimilation 
system of National Centre for Environmental Prediction 
(NCEP), USA has resulted in a significant improvement in 
the forecast models skill mainly in the upper levels and 
over the southern hemisphere (Derber, 1999). The positive 
impact over the southern hemisphere and tropics also 
reported  (Okamato, 1999) after incorporating NESDIS 
derived ATOVS temperature and moisture in Optimum 
Interpolation(OI) analysis of  Japan Meteorological 
Society (JMA). English et al. (2000) have compared the 
impact of TOVS and ATOVS satellite sounding data on 
the accuracy of numerical weather forecasts and found the 

reduction of forecast error by 20% over the southern 
hemisphere and 5% in the northern hemisphere after 
utilizing ATOVS  temperature information. 

 
Impact of global coarse resolution (500 km) TOVS 

data on global data assimilation-forecast system (GDAFS) 
of NCMRWF has been studied by Bohra et al., 1998.  The 
study show that, though the TOVS data is beneficial to the 
GDAFS system but the coarse resolution data is not 
sufficient to enhance the quality of the initial condition to 
the desired extent. Another study (Prasad et al., 1999) was 
carried out using high-resolution (80 km) TOVS 
temperature-sounding data locally derived at India 
Meteorological Department (IMD), New Delhi.  This 
high-resolution data is able to bring out the impact in the 

(a) 
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synoptic scale prediction associated with tropical easterly 
wave activity over the north Indian Ocean.  The impact of 
NESDIS derived global high resolution (120 km) TOVS 
temperature sounding were studied for a limited period 
21-29 August 1998 (Prasad et al., 2000) which also 
showed positive impact associated with subtropical 
westerlies over the south Indian ocean(~20º S).  

 
In this study, an attempt has been made to assess the 

impact of the NESDIS derived ATOVS global high 
resolution (120 km) temperature profiles and total 
precipitable water (TPWC) in the global data assimilation 
system of NCMRWF. Assimilation cycles have been 
rerun using these data for one-month period (September 
2001).  The impact was also studied for monsoon onset 
period, 20th May-20th June 2002. Salient features of 
ATOVS data and operational analysis-forecast system of 
NCMRWF are described in section 2 and section 3 
respectively.  Numerical experiments carried out to assess 
the impact are described in section 4.  Results of the 
experiments are discussed in section 5.  Conclusions are 
presented in section 6.  

 
2. ATOVS data  

 
NOAA-15 and 16(K&L) are the latest operational 

satellites in advance TIROS-N series. NOAA-15 is the 
first satellite to support dedicated microwave instruments 
for the generation of temperature, moisture profiles in 
cloudy region where visible and infrared sensors have 
reduced capabilities.  In NOAA 15 and 16, Advanced 
Microwave Sounding Units(AMSU-A&B)  have been 
used in place of the Stratospheric Sounding Unit (SSU) 
and the Microwave Sounding Unit (MSU) of  the other 
TIROS-N series. Infrared High Resolution Radiation 
Sounder (HIRS) and Advanced Very High Resolution 
Radiometer (AVHRR) remained nearly unchanged in the 
new series of satellites. Atmospheric temperature and 
moisture profiles, total ozone and other parameters in both 
clear and cloudy atmospheres are being retrieved from 
ATOVS radiance measurements by NESIDS, using the 
International ATOVS Processing Package (Li et al., 
2000). ATOVS data is being downloaded operationally at 
NCMRWF from August 2001 onwards in BUFR code.   
This data set mainly contains atmospheric temperature for 
40 levels  (1000-10 hPa), mixing ratio for 15 levels 
(1000–300 hPa), ozone amount, cloud amount and total 
precipitable water content etc. 

 
Geographical distribution of global ATOVS 

temperature at 850 hPa and TPWC for 00UTC ±3 hours, 
on 29 September 2001 are depicted in Figs. 1(a&b) 
respectively.   In the temperature field the high 
temperature (heat low) over Rajasthan  and adjoining 
Pakistan region, central African region and over Arabian 

region are clearly brought out, as seen in Fig. 1(a).  TPWC 
data [Fig. 1(b)] is also able to brought out the variation as 
expected. The high TPWC are seen over the northern 
hemispheric equatorial trough region as expected. On 29th 
there was a cyclonic circulation extended upto 500 hPa 
level situated over Orrisa and adjoining Bay of Bengal 
region, causing heavy rainfall over that region.  One can 
see the high value of TPWC over this region also.  

 
3. Global Data Assimilation – Forecast System 

(GDAFS) 
  

Impact assessment studies have been carried out 
using the operational GDAFS of NCMRWF.  Global Data 
Assimilation system (GDAS) operational at NCMRWF is 
a six-hourly intermittent three-dimensional scheme.  Main 
components of GDAS are, (i) data reception and quality 
Control (ii) data Analysis and (iii) short range (6 hr) 
prediction of a  NWP model.  Meteorological data from 
various observing platforms from all over the globe is 
received at Region Telecommunication Hub (RTH), New 
Delhi through Global Telecommunication System (GTS) 
and  same is made available to NCMRWF. At NCMRWF, 
meteorological observations from all over the globe is 
assimilated four times a day viz. 0000, 0600, 1200 and 
1800 UTC of everyday. Data used in the operational 
assimilation system of NCMRWF are SYNOP/SHIP, 
BUOY, TEMP, PILOT, AMDAR/AIREP, SATOB from 
INSAT, METEOSAT at 0° & 63° E, GMS and GOES. 
The observations falling within ±3 hours of the respective 
hour of assimilation are being used in the corresponding 
hour assimilation. A six-hour prediction from NWP model 
(T80L18), with a previous initial condition, valid for the 
current analysis time is used as the background field, or 
the first guess for the subsequent analysis. The analysis 
scheme used in GDAS is based on the concept of Spectral 
Statistical Interpolation (SSI) technique developed at 
NCEP, USA (Parrish and Derber, 1992). The forecast 
model at NCMRWF is a T80/L18 spectral global model, 
the initial version of which is developed at NCEP 
(Kanamitsu, 1989).  
 
4. Numerical experiments   

  
Assimilation-forecast cycles were rerun utilizing 

TPWC and temperature profile of ATOVS for 25 August - 
30 September 2001.  During the this period the 
operational assimilation cycle was using TPWC and ocean 
surface wind speed of SSM/I along with other 
operationally available data sets described in section 3.  
The temperature profiles for 16 standard pressure levels 
(1000 –10 hPa) mainly over oceanic region and TPWC of 
ATOVS over land and sea both within 60º N-60º S have 
been assimilated in place of SSM/I TPWC along with 
other  data  sets  in  the  first experiment.  The temperature  
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Figs. 2(a-d). Vertical cross section or sectoral mean difference (CRTL-EXP) for (a) zonal wind,  
(b) meridional wind, (c) temperature and (d) geographical distribution of TPWC 
difference 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
profiles in the higher level (above 50 hPa) over land also 
have been assimilated, as there are very few radiosondes, 
which go beyond 50 hPa over the tropical region. The 
operational run is been assumed as the control run and the 
analyses and forecast field generated by inclusion of these 
new data sets (EXP1) are compared with the 
corresponding operational archive (CTL1).  
  

To assess the impact of ATOVS data on the large-
scale circulation features during the southwest monsoon 
onset phase, another set of experiment was carried out    
for 25 May-15 June 2002.  During this period, the 
operational assimilation cycle (OPER) was using ATOVS 
temperature profile and TPWC as described earlier. The 
assimilation-forecast system were rerun (NOATOVS), 
without ATOVS data form the operationally used data 
sets.  
 
5. Results and discussion   

 
Assimilation of ATOVS data has resulted in some 

significant changes to the mean analysed fields.  Earlier 
studies by various scientists referred above have discussed 
the impact of the data over both hemispheres in detail. 
Though in general, positive impact is seen in the present 
study throughout the globe but for brevity the detail 

discussion will be mainly confined on the impact over 
India and adjoining region. Figs. 2 (a-c) show the    
vertical cross-section of the sectoral mean (40º E - 120º E) 
difference (EXP1-CTL1), computed for  the monthly 
mean(1 – 30 September 2001)  analysed  zonal component 
of wind, meridional component of wind and temperature   
respectively.  The shaded region in the plots depicts the 
negative difference. The sectoral mean difference of zonal 
wind (u), over the equatorial region in the lower 
tropospheric level [Fig. 2(a)] shows the positive 
difference, revealing the marginal strengthening of lower 
tropospheric cross-equatorial flow in EXP1 compared to 
CTL1.  But in the higher level, the tropical easterly jet 
stream (core ~10º N) has shown a strengthening of 6m/s in 
EXP1.   The difference in the sectoral mean meridional 
wind (v) of two sets of mean analysis is less compared to 
u, though a slight strengthening in the southerly 
component of cross-equatorial flow is noticed just north of 
equator in EXP1.  The difference in temperature field is 
prominent (~3º C) over the southern hemisphere, specially 
in the higher levels, as there are very few radiosonde 
observations over this region. The temperature at almost 
all levels upto 200 hPa along equator is marginally higher 
in EXP1. Fig. 2(d) shows the geographical distribution of 
analysed TPWC difference (EXP1-CTL1). As seen in the 
plot,  analysed  TPWC  in  EXP1 is less than that of CTL1  
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Figs. 3(a&b).  Mean monthly RMSE of analysis computed against radiosonde observations over Indian 
region  (a) temperature and  ( b) specific humidity for 0000 UTC,  September 2001 
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Figs. 4(a&b).  Mean monthly RMSE of  forecast computed against respective analysis  at 850 hPa 
over Indian region  (a) temperature and  (b) vector wind  for 0000 UTC  September 
2001 

 
 
 
 
 
almost all over the region. The difference is generally 
more over the oceanic region. Nevertheless there are some 
areas specially over the land, where the analysed TPWC 
in EXP1 is more than that of CTL1.  These regions, such 
as  (i) peninsular Indian region along the west coast,  (ii) 
central Indian region covering Orissa, east M.P. and 
adjoining monsoon through region, and  (iii) Myanmar 
and adjoining Thailand region.  All these regions 
generally are the regions of heavy precipitation during 
monsoon season.  
  

Root mean square errors (RMSE) of analysed field (z, 
u, v, t, q) against observations have been computed for 
various regions such as, global, northern hemisphere, 
southern hemisphere, tropics, Indian region (66º E- 96º E 
& 6º N- 36º N) etc. for EXP1 and CTL1 at different 

vertical levels.  Though there is almost no improvement or 
negligible improvement of RMSE of EXP1 compared to 
CTL1 over northern hemisphere, but slight improvement 
is seen over southern hemisphere and Indian region.  
RMSE of temperature(t) and specific humidity(q) of  
EXP1 and CTL1 computed against radiosonde 
observations over Indian region averaged over the month 
for 0000 UTC, September 2001 at different vertical levels 
are plotted in Figs. 3(a&b) respectively. As seen from the 
plot, the RMSEs of temperature and specific humidity of 
EXP1 are less compared to that of CTL1 specially below 
850 hPa and above 500 hPa levels. 

 

 
Impact of data on forecast is examined through 

forecast RMSE computed against the respective analyses 
for  both  EXP1 and  CTL1.  In general there is a marginal  
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Figs. 5(a-e).  Analysed and predicted total rainfall for September 2001 (a) Analysis, (b) 48 hr Prediction EXP 1, (c) 48 hr Prediction CTL1, 
(d) 96 hr Prediction EXP1 and (e) 96 hr Prediction CTL1 
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 Figs. 6(a-h). Height latitude cross section of zonal wind at 80 E at different latitude analysis, 24 hr,  

72 hr & 120 hr forecast for OPER and NOATOVS averaged for 0000UTC, 1-15 June 2002  
 
 
improvement in forecast RMSE of EXP1 compared to that 
of CTL1. The forecast RMSE averaged over 0000 UTC 
forecast for 1 – 30 September 2001 for temperature and 
wind speed at 850 hPa over the Indian region are shown in 
Figs. 4(a&b) respectively.  RMSEs of both the fields for 
EXP1 are less than that of CTL1 beyond 48 hour forecast 
onwards.  

 
Impact on forecast is also examined through the 

precipitation forecasts. The total predicted precipitation 
for the month of  September 2001 for different lengths of 
forecast are compared to that of the satellite and rain 
gauge merged observed rainfall analysis (Mitra et al., 
1997).    Fig. 5 shows the total analysed and predicted (48 
hr & 96 hr)  rainfall over India and adjoining region  for 
EXP1 and CTL1. 48hr predicted total rainfall for 
September 2001 has computed by adding all the 
accumulated predicted rainfalls from 24hr to 48hr of 
forecast, based on run of all the days (30 days 0000 UTC) 
initial conditions.   Similarly 96 hr total rainfall has been 
computed by adding all the rainfall predictions 
accumulated for 72 hr to 96 hr.  There are two regions of 
rainfall maxima in the rainfall analysis, one over sub-
Himalayan West Bengal  region of India and adjoining 
Nepal, and another along the west coast of India. Since the 
rainfall over both the regions are basically dominated by 
topography, the ATOVS data have almost no  impact on 
the rainfall over this region, though EXP1 shows a 

marginal increase of rainfall amount over both the  
regions.  However, the impact of data is seen on the 
precipitation forecast over the oceanic region.  The rainfall 
over the north Indian Ocean between 60º E to 80º E is 
over predicted in 48 hr and under predicted in 96 hr 
forecast of CTL1. Over this region the rainfall prediction 
of EXP1 better matches with the analysed rainfall 
compared to that of CTL1.  Similarly over the Andaman 
Sea region (~ 90º E/8º N) the predicted rainfall of EXP1 
better matches with the analysed rainfall.  
  

For the second experiment (NOATOVS), the 
emphasis was given to examine the impact of ATOVS 
data on the large-scale circulation and other related 
features during onset phase of southwest monsoon.  The 
analysis and subsequent predictions of the strength of 
lower level jet, tropospheric moisture content, mean 
tropospheric temperature etc. of OPER are compared with 
that of NOATOVS over the Arabian Sea (55.5º E-75º E, 
0º-19.5º N) and Bay of Bengal (BOB) region (78º E-96º E, 
0º-19.5º N).  The latitude-height cross-sections of mean 
(0000 UTC, 1-15 June 2002) analyzed and predicted zonal 
wind along 60 E, a longitude where the core of lower 
level jet (LLJ) was seen during this period are shown        
in Fig. 6.  Operational T80 model has a tendency to 
weaken the strength of LLJ with forecast time. Mean 
analysed strength of LLJ was 14 mps at 850 hPa level, 
centered  around  12 N,  both  in  OPER and NOATOVS.   
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       Figs. 7(a-d).   Net  tropospheric moisture  and net tropospheric temperature  Analysis and 72 hr 
forecast  for  OPER &  NOATOVS  over  Arabian Sea  and   Bay of Bengal        

 
The strength of equatorial westerlies in the middle 
troposphere is marginally increased  (~2m/s) in mean 
analysis of OPER compared to that in NOATOVS.   
Though both the runs show the weakening of LLJ with 
forecast time, but the strength of LLJ is better maintained 
in the subsequent predictions of OPER compared to 
NOATOVS.  However no significant differences are seen 
in upper level easterlies for both sets of analyses and 
subsequent predictions.    

 
Net tropospheric moisture (1000-300 hPa) build up 

and mean tropospheric temperature (1000-100 hPa) are 

two parameters closely associated with the onset of 
monsoon. The daily variation of these two parameters, in 
analyses and subsequent predictions over Arabian Sea and 
Bay of Bengal are shown in Figs. 7(a-d) for analyses, 72hr 
and 120 hr predictions for both OPER and NOATOVS 
during  26 May - 15 June 2002.   Though one can see     
the similar trend in the variation of these parameters for 
both the runs, but their absolute values are different. 
Arabian Sea is less moist in OPER run compared to 
NOATOVS, where as BOB is less moist in OPER. The 
mean tropospheric temperature over both Arabian Sea and 
BOB  are  less  in  OPER  compared  to NOATOVS. Over  
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Figs. 8(a-f).  Mean analysis and difference of 72 hr and 120 hr forecasts from respective analysis for OPER 

and NOATOVS at 850 hPa wind 0000 UTC, 1-15 June 2002 
 
 
Arabian Sea net tropospheric moisture shows a steep rise 
in OPER from 10 June onwards associated with an active 
monsoon phase over the west coast of India where as the 
rise in NOATOVS is not that steep.  However, 72 hr 
forecasts of both the parameters are generally better 
verified with respective analyses in OPER   compared to 
NOATOVS.   

 
Finally the impact of the ATOVS data is seen on the 

systematic error of the model prediction also. Systematic 
errors of any model are mainly due to the constraints 
associated with the formulation of the forecast model e.g. 
large observational data gaps, uncertainties in the 
parameterization of various physical processes, 
representation of orography, the reliable surface boundary 
conditions, etc. Though the nature of the systematic error 
in the wind field has not changed after utilisation of 
ATOVS data, but the magnitude, specially over the 
oceanic region have been reduced drastically, almost at all 
the levels.  For brevity the geographical distribution of 
mean analysed wind field for 0000 UTC 1-15 June 2002, 
at 850 hPa only, over India and adjoining region, along 
with the differences of 72 hr forecast and 120 hr forecast 
from the respective analysis are shown in Fig. 8. Shaded 
region in the plot delineate the region with wind speed 

more than 5m/sec.  As seen from Figs. 8(a&b), there is 
hardly any noticeable difference between the mean 
analysed wind fields at 850 hPa of OPER and 
NOATOVS.  The comparison 72 hr forecast error of 
OPER [Fig. 8(c)] and NOATOVS [Fig. 8(d)] shows that 
weakening of cross equatorial flow, LLJ and south 
easterly trade wind, which are some of the systematic 
errors of the model at lower level (Ramesh & Iyengar, 
1999) are present in both sets of forecasts but the 
magnitude of weakening is decreased considerably in 
OPER compared to NOATOVS. However the formation 
of anomalous cyclonic circulation over east coast of India 
north of 15 N persist in both OPER and NOATOVS, and 
there are marginal deterioration of forecast error, in some 
regions specially over the land OPER.  Systematic errors 
in 120 hr predictions of OPER [Fig. 8(e)] also show the 
same type of improvement over the oceanic region        
and slight deterioration over land when compared to       
that of NOATOVS [Fig. 8(f)], though the magnitude of 
improvement is less than that in 72 hr forecast. 
 
6. Conclusions  
  

An overall improvement is noticed in the analysis-
forecast system after utilization of ATOVS data. However 
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the broad conclusions drawn based on the above described 
experiments are as follows: 
 
(i) Impact of ATOVS temperature and TPWC data are 
seen on the monthly mean analysis of different 
meteorological parameters. 
 
(ii) There is an improvement in RMSE of various 
analysed parameters, when RMSE computed against 
radiosonde observations at different levels over southern 
hemisphere, tropics and especially over Indian region. 
 
(iii) Utilisation of these data sets in GDAFS is able to 
bring some meaningful improvement in the precipitation 
forecast upto 72 hr  TPWC of SSM/I had a tendency to 
over predict the precipitation amount   over the north 
Indian Ocean and adjoining Arabian Sea region in the 
initial days of forecast, which has been rectified 
realistically after using ATOVS data.  ATOVS data has 
very less impact on the precipitation forecast over the 
topographically induced region of high precipitations. 
 
(iv) Forecast RMSEs computed against the respective 
verifying analysis suggest some improvement over the 
Indian region.  
 
(v) ATOVS data found to be helpful to maintain the 
strength of LLJ, cross equatorial flow etc. upto 120 hr 
predictions during monsoon onset phase. 
 

NESDIS derived ATOVS temperature profile and 
TPWC have been used in this study, however it is 
generally found that model dependent locally derived (1D-
Var) gives further better impact on Analysis and 
subsequent forecast.   Efforts are on at NCMRWF to 
utilise 1D-var retrieved profiles, which may produce more 
realistic forecast in near future.  
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