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Abstract

This study reports the impacts of wind profiler observations on global NWP model forecasts
through FSOI methods. National Centre for Medium Range Weather Forecasting Unified Model
(NCUM) NWP system is utilized for operational NWP forecast at NCMRWF. Advanced data
assimilation technique of Hybrid-4D-Var is employed to utilize various observational data,
including in situ measurements, satellite data, and radar observations, to generate the initial
conditions (or analysis) for the NWP model forecast. The primary objective of this study is to
quantify the impact of wind profiler observation on NWP model forecasts using the operational
FSOI system from December 2021 to November 2022. NCMRWF receives wind profiler data
mainly from three networks of wind profiler observation namely Europe, Japan and Australia. In
total 138 wind profiler stations’ data were assimilated of which 24 profiler are from Japan, 10
stations from Australia, 101 stations of Europe and 3 other stations. It has been noticed that wind
profiler’s generally have the largest and most consistent contribution from the observations
between pressure levels of 900 to 300hpa. The vertical distribution of impact shows mixed pattern
from three networks. Network from Japan dominate over lower levels (700 hPa and below), the
European over upper levels (600 hPa and above) and the Australian peaks over the middle levels
(600hPa). The observation percentage contribution highlights that the Japan wind profiler network
seems to have a higher impact per observation in comparison to the European network. These
findings are important for enhancing our understanding of the contribution of wind profiler
observations to NWP model forecast error reduction.



1. Introduction

Wind profilers are ground-based active remote sensing instruments, which measure the vertical
profile of wind in the column of atmosphere above the wind profiler antenna. Radar wind profiler
(RWP), which is generally Doppler radar that operates at either the VHF (30-300 MHz) or UHF
(300-1000 MHz) frequency bands, has been widely applied to atmospheric wind field research
(Chipilski et al., 2019, Dolman et al., 2018; Hocking et al. 2016; Ishihara et al., 2006;). Radar wind
profilers can continuously provide high-resolution details of the wind both temporally and
spatially, which makes them one of the most crucial observations in the meteorological observation
system. Globally wind profiler networks such as Europe, the USA, Australia, Japan, etc are
providing valuable observation to operational and research applications, related to weather and
climate (Benjamin et al., 2010, Dolman et al., 2018, Chipilski et al., 2019). Studies suggest that
the addition of wind profiler data observations into the data assimilation system has considerably
improved the model's initial condition and subsequently resulted in better weather forecasts

(Benjamin et al., 2010, Hu et al., 2017).

This report presents the comprehensive performance of wind profiler data assimilation on short-
range numerical weather forecasts. The Forecast Sensitivity to Observation Impact (FSOI)
technique is used to assess the impact of the observation on the numerical weather forecast. The
study utilizes the NCUM global 12 km NWP system (Sumit et al., 2021) to study the impact of
global wind profiler observations. The FSOI method will help to quantify the impact of wind
profiler observations on the forecast accuracy and provide insights into the effectiveness of the

assimilation process.

2. Forecast Sensitivity to Observations Impact (FSOI): Technique and
Methodology

NCMRWEF is operationally using a 12 km NCUM global NWP system (for details see Sumit et al.,
2020, 2021). This system has been adapted from the Unified Model (UM) seamless prediction
system of “UM Partnership” and is being upgraded periodically to adapt to new scientific and
technological advancements. The Hybrid 4D-Var data assimilation scheme used in the NCUM
system optimally combines the background state of the atmosphere with available observations
within a stipulated time window (06 hourly) to create an analysis field. Numerous observations,

from various ground-based and space-borne platforms are being assimilated into the 06-hour cyclic
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NCUM data assimilation system. This study mainly examines the impact of wind profiler data on

the forecast in comparison with other observations.

An adjoint-based data assimilation diagnostic technique, called “Forecast Sensitivity to
Observations Impact” (FSOI) (Lorenc and Marriott, 2014) is used to study the forecast impact of
each assimilated observation in the NCUM system. This approach compares the skill of two
forecasts initialized from two different initial conditions, one that benefits from observational
information (analyses) and one that does not (background). FSOI quantifies the impact of all
assimilated observations using a moist energy norm and shows the impact of an observation or set
of observations whether decreases or increases forecast error. Using the FSOI technique, we

evaluated the overall impact of all observations in each cycle.

3. Data Collection and Preprocessing:

NCMRWEF receives various worldwide observation datasets including wind profiler data through
the Global Telecommunication System (GTS) of WMO through IMD (RTH). These observations
are decoded and packed into a suitable format for its assimilation into NCUM NWP. Figure 1
shows the number of wind profile observations received at NCMRWF during 2022, with reports
received from network of stations in Europe, Japan, and Australia. Table 1 and 2 shows the
network-wise annual/seasonal availability of the number of wind profiler stations which were
assimilated during 2022. Appendix I and II include detailed information about wind profiler

networks and their stations with WMO ID.

Table 1 Wind profiler network and Table 2. Wind profiler network-wise number of
number of stations during 2022 observation stations during different season of year 2022.

Network Wind orofil Where DJF, MAM, JJAS and ON stands for December-
¢ W?r "f profiier January-February, March-April-May, June-July-August-
Locations stations count September, October-November, respectively
Austrailia 10 - -
Network Wind profiler Stations count
Europe 101 )
Locations DJF | MAM | JJAS | ON
Japan 24 —
Other 3 Austrailia 10 10 10 10
Total 133 Europe 84 84 100 92
Japan 24 24 24 24
Other 2 2 3 3
Total 120 120 137 129
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Figure 1. Geographic locations of wind profiler stations during the year 2022

Observation processing is the first step in the NWP system that ensures data quality and
consistency by performing quality control procedures. The observation errors assigned to wind
profilers are specified through the station lists file, which are updated/revised based on
observation-background statistics. There are different error profiles specified for the main wind
profiler networks/types. Wind profiler data are thinned to make one report from each station per
hour. Observation thinning involves discarding observations such that observation density (spatial
and temporal) is reduced to an acceptable level for the data assimilation system. OPS processes
the “obstore” format input data and outputs them in the appropriate format which can be accepted
by Hybrid 4D-Var. Upon application of additional quality control measures and averaging, hourly
wind profiles are obtained, which are the data assimilated into the Global NCUM NWP System at
NCMRWF.

4. Result and discussion

Figure 2 shows the percentage-wise contribution of the impact of various observation types and
their respective data volume percentage that were assimilated during the period from 01 December

2021 to November 2022. In the NCUM NWP system, an aggregate wind profiler beneficial



contribution of ~1% is seen during our study period. Given the volume of wind profiler

observation, this contribution seems to be quite significant.
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Figure 2. Impact percentage of various observation types and their assimilated observation
(per day). The percentage is computed w.r.t. all assimilated observation/impact.

Figure 3 shows the vertical distribution of the annual averaged impact per day of wind profiler
observation and the corresponding percentage of assimilated observation at each level. The
observation impact is categorized into ten vertical levels: 1000, 900, 800, 700, 600, 500, 400, 300,
200, and 100 hPa. The largest impact is consistently seen between 900-400 hPa despite the
continuous decrease in assimilated observation count with height. This may be attributed to the
scarcity of quality wind observation between these levels. The levels > 900 hPa and < 300 hPa
have relatively less impact but the wind profiler data at 200hPa and above have a detrimental

impact on the forecast.
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Figure 3. Annual mean (per day) vertical impact of wind profiler and corresponding
percentage of assimilated observations from December 2021 to November 2022.

The network-wise vertical distribution of FSOI is presented in Figure 4. The European and
Australian wind profilers have larger vertical penetration (up to 100 hPa) whereas the Japanese
network has observation up to 300 hPa. The assimilated observation contribution is higher from
the European network wind profiler followed by Japan and Australia (Figure 4 right panel). Figure
4 (left panel) shows that wind profilers from Japan have a higher impact at lower levels (<=
700hPa) whereas the European wind profiler has higher impact at upper levels (>= 600 hPa).
However, at lower levels (700hPa and below), the European network presents a smaller
observation impact than the Japanese although the European network has more observation at these
levels. It is likely a function of the model-assigned larger observation error for the European
network wind observations than that of the Japanese. On the other hand, the wind profiler from the
Australian network has overall less impact on the forecast and it follows bell shape like impact
with a peak at 600 hPa. Figure 4 (left panel) shows that the detrimental mean impact observed in
Figure 3 at 200 hPa is observed to be from the European Network.
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Figure 4. Same as Figure 3, but for different wind profiler networks.
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Figure 5. Seasonal mean impact and corresponding percentage of assimilated observations



Figure 5 shows the network-wise variation of seasonal mean impact and corresponding assimilated
observations. The Japanese network has a higher beneficial impact on forecast compared to other
networks in JJAS and MAM months whereas the European network has a higher impact
contribution in DJF and ON months. The Australian network’s seasonal contribution overall
remains smaller in comparison with that of the Japanese and European networks. Japan's wind

profiler shows a higher impact per observation in comparison to Europe’s network
Conclusion:

This study presents an application of the operational NCMRWF FSOI system for estimating the

impact of observations on the global forecast (up to 24-hour forecast) through error reduction.

e FSOI results suggest that on average all the wind profiler network systems play a positive
role in reducing the 24-hour forecast error.

e  WINPRO is contributing ~1% of the total observation impact per day from December 2021
to November 2022.

e A total of 138 wind profilers were assimilated in the NCUM assimilation-forecasting
system during the study period.

e Seasonal variation of the European wind profiler network shows 8% to 10% variations
(Impact per day J/kg) during DJF (Dec 2021 to Feb 2022) between the 900-400 hPa
pressure level.

e Seasonal variation of the Japan wind profiler network shows 10% to 12% variations
(Impact per day J/kg) between the pressure level 900-500 hPa, during MAM and JJAS
2022.

e Secasonal variation of the Australia wind profiler network shows 6% to 10% variations
(Impact per day J/kg) between the pressure level 600-500 hpa, during ON 2022.

e The Japanese network has a higher impact at 700 hPa and below, while the wind profiler
from the European network has a higher impact at 600 hPa and above. Whereas the
Australian network shows overall less impact than the other two networks, its vertical

impact profile follows a bell shape like pattern with a peak at 600hPa
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Appendix -1

Table 3 Japan wind profiler network Station
Locationswith WMO ID

S. No.|Station_ID|x_lat| x_lon [Impact(J/kg)
1 47570 137.491139.91 -0.923
2 47406 143.95|141.63| -0.809
3 47678 133.12]139.78| -0.705
4 47674 135.15|140.31 -0.671
5 47945 125.83|131.23| -0.594
6 47417 142.92]1143.21 -0.577
7 47909 ]28.38] 129.5 -0.541
8 47656 134.98| 138.4 -0.537
9 47893 133.57|133.55| -0.499
10 47629 136.38|140.47| -0.486
11 47898 132.72]133.01 -0.478
12 47616 136.06|136.22| -0.397
13 47891 134.321134.05| -0.349
14 47423 142.321140.97| -0.348
15 47663 134.07|136.19| -0.299
16 47636 135.17|136.96 -0.295
17 47815 133.24|131.62| -0.285
18 47819 132.81]130.71 -0.224
19 47795 133.89|135.13| -0.200
20 47746 |35.53]| 134.2 -0.176
21 47836 130.38|130.66| -0.142
22 47626 136.15|139.38| -0.087
23 47612 |37.11]138.25 0.093
24 47640 |35.5]138.76 0.407

Table 4 Australian wind profiler network
Station Locationswith WMO 1D

S. No. |Australia_ID |x_lat |x_lon |Impact(J/kg)
1 94300 -24.89 |113.67 |-1.462
2 94212 -18.23 |127.66 |-1.068
3 94346 -23.44 1144.28 |-1.016
4 94288 -16.95 |145.75 |-0.983
5 94238 -19.64 |1134.18 |-0.939
6 94693 -34.24 1142.09 |-0.409
7 94352 -21.17 |149.15 [-0.314
8 95759 -33.96 |151.19 |-0.197
9 95966 -41.55 1147.22 10.415
10 95729 -30.32 |153.12 |0.675

Table 5 Other wind profiler Station Locations

with WMO ID.
S. No.[Other_ID x_lat [x_lon (Impact(J/kg)
1 71847 45.06 [-78.21 |-0.0007
2 71993 42.04 -82.89 10.0188
3 91762 -13.82[-171.79/0.1394
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Appendix - 11

Table 6 Euorope wind profiler network
Station Locations with WMO 1D

. No. |Europe_ID| x_lat | x_lon | Impact(J/kg)
1 3019 57.35 | -7.37 -0.7340
2 3501 5242 | -4.01 -0.5690
3 1042 70.61 | 22.44 -0.5191
4 1018 69.24 16 -0.4644
5 3020 57.35 | -7.37 -0.4326
6 1079 70.51 | 29.02 -0.3976
7 10135 53.78 8.67 -0.3770
8 3962 52.69 | -8.92 -0.3530
9 10266 5331 | 11.84 -0.3484
10 10678 49.98 | 11.68 -0.2764
11 10394 5221 | 14.13 -0.2700
12 1206 62.19 5.13 -0.2464
13 3018 5821 | -6.18 -0.2293
14 1104 67.53 12.1 -0.2212
15 2925 63.11 | 23.83 -0.2046
16 8550 39.07 -8.4 -0.2025
17 8386 37.69 | -6.33 -0.1771
18 1498 59.63 | 10.56 -0.1732
19 2870 64.77 | 26.32 -0.1574

20 2954 60.9 | 27.11 -0.1567

21 2918 62.86 | 27.39 -0.1435

22 11036 48.11 | 16.59 -0.1349

23 1438 5836 | 7.17 -0.1296

24 60028 28.02 | -15.61 -0.1255

25 8007 43.17 | -8.53 -0.1200

26 14024 46.07 | 15.28 -0.1164

27 8228 40.18 | -3.71 -0.1115

28 12921 46.66 | 17.06 -0.1097

29 8289 39.18 | -0.25 -0.1072

30 8475 36.61 | -4.66 -0.0992

31 8489 36.83 | -2.08 -0.0932

32 3897 49.18 | -2.22 -0.0920

33 6234 5296 | 4.79 -0.0920

34 3813 50 -5.22 -0.0914

35 1405 59.85 5.09 -0.0900

36 2933 60.13 | 21.65 -0.0876

37 12892 47.96 | 21.89 -0.0802

38 8072 42 -4.6 -0.0797

39 2840 67.14 | 269 -0.0792

40 8179 41.41 1.88 -0.0789

41 1247 63.69 10.2 -0.0780

42 2941 61.77 | 23.08 -0.0779

43 3918 54.5 -6.34 -0.0702

44 3159 56.21 | -3.31 -0.0687

45 12985 46.64 | 20.43 -0.0663

46 11406 50.07 | 12.39 -0.0643

47 12151 5438 | 18.46 -0.0613

48 12544 50.89 | 16.04 -0.0611

49 11480 49.66 | 13.82 -0.0568

50 10605 50.11 6.55 -0.0548
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Table 7 Euorope wind profiler network

Station Locationswith WMO I D

S. No.

[Europe_ID|x_lat| x_lon [Impact(J/kg)

51 8553  |37.31] -7.95 -0.0541
52 3142 |56.02] -4.22 -0.0518
53 10557 | 505 11.14 -0.0517
54 11538 |49.19| 14.34 -0.0513
55 3771 51.29( 0.61 -0.0506
56 3375 |53.34] -0.56 -0.0490
57 11718 |49.5| 16.79 -0.0476
58 3253 5481 -147 -0.0447
59 10780 149.54| 124 -0.0426
60 10410 |[51.41| 6.97 -0.0422
61 8308 [39.38] 2.79 -0.0414
62 3086 |57.43] -2.04 -0.0402
63 8081 434 -2.84 -0.0393
64 8262 |39.43] -6.29 -0.0367
65 6726 |46.37| 7.49 -0.0366
66 3675 |51.68] -0.53 -0.0353
67 11698 |48.88| 16.09 -0.0338
68 8019 |43.46] -6.3 -0.0334
69 3331 53.75| -2.29 -0.0332
70 10873 |48.17| 12.1 -0.0329
71 10103 |53.56| 6.75 -0.0318
72 10950 |48.04| 10.22 -0.0290
73 10339 |52.46] 9.69 -0.0261
74 10629 149.98| 8.71 -0.0255
75 12331 |52.41| 16.8 -0.0242
76 12374 |52.41| 20.96 -0.0224
77 10440 |51.31| 8.8 -0.0221
78 3523 5241 -26 -0.0219
79 10488 |51.12 13.77 -0.0175
80 10169 |54.18| 12.06 -0.0174
81 10908 147.87 8 -0.0158
82 7462 |45.79] 3.15 -0.0151
83 12568 150.39| 20.08 -0.0151
84 8162 |41.73] -0.55 -0.0148
85 10356 |52.16| 11.18 -0.0144
86 6776 |46.84] 9.79 -0.0136
87 12514 |50.15| 18.73 -0.0096
88 6699 [46.43| 6.1 -0.0090
89 12579 |50.11] 22.04 -0.0067
90 12220 [53.79] 15.83 -0.0059
91 10832 148.59 9.78 -0.0049
92 10392 |52.65| 13.86 0.0065
93 3859 |51.03] -1.65 0.0102
94 11509 |50.46| 14.17 0.0109
95 16061 ]45.03| 7.73 0.0134
96 6632 |47.18] 7.42 0.0168
97 3969 |53.43] -6.24 0.0190
98 6610 [46.81| 6.94 0.0213
99 3601 51.98| -4.44 0.0328
100 7626  |43.13] 0.37 0.1033
101 7151 |48.72] 2.21 0.1371




