Verification of MPAS Forecasts Over Antarctica
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1. INTRODUCTION 3. RESULTS Figure 5 shows the temperature results for South Pole. For winter (Fig. 5(a)) MPAS’s warm bias is apparent
. o . _ _ o . . _ from the observations (top panel: MPAS— red, Obs— green). WREF, in contrast, has a cold bias that is of
The Arﬁcarctm I\/Ieso:<;cale Predlcthn System (AMPS) is a real-time numerical wgather prediction a. MPAS and WRF— Forecast Behavior Overview and Model Consistency lesser magnitude (Fig. 5(a), lower right). For summer (Fig. 5(b)), MPAS has a minimal average temperature
Capablllty thlat prOVIdeS I:nIOdeI gUIdance for the-fore?aSterS Of the UdS IAnI::arCtICdPrIOfgram (;JSAP) We have Verified the basic Consistency Of WRF and MPAS over Antarctica. Based oh a biaS ('01 C) ; Whlle WRF diSp|ayS d warrm biaS (+16 C) The MPAS Winter gain iS StatiStica”y Signiﬁcant for a”
(Powers et al. 2012). While AM.PS uses WRF as It? primary NV\./P mo .e ' t. e Model for Prediction review of its operation in AMPS, we first note that MPAS (i) is well-behaved (no forecast hours. Thus, model performance varies with season.
Across Scales (MPAS) has been implemented. This study provides an initial assessment of . . : : . : :
) : ) unphysical behavior) and provides consistent forecasts in the high southern latitudes RMSE RT MPAS FMiSE E_ ~RTWPAS
seasonal comparative performance between WRF and MPAS in AMPS, as well as the first-ever s . . . *
and (ii) is computationally robust (stable across seasons and initializations). We find ";‘;;;

upper-air evaluation of MPAS over Antarctica. The objective is to increase the understanding of

that MPA WRF lve similarly th h the first t ith i i
MIRES Romacesis evar e Fislh s, a S and evolve similarly through the first two days, with increasing

divergence in the latter part of the forecast (day 3+).

Fig. 6: Comparisons of
surface temperature and
wind speed biases for
MPAS and WREF for
Dec.-Jan. 2016-2017.
Red= MPAS better; blue=

WREF better. Circle size | { |
4 proportional to magnitude 2, e ®
o | of improvement and scaling
“ee® | values in upper part of
panel in °C (a) and ms? (b).
- (a) Temperature. (b) Wind

speed.

30 km
‘ig, , ) 10 km

McMurdo

10 km

8K Comparisons of temperature (T) and wind speed (WS) RMSEs for summer across the continent are shown in
ey A Fig. 6. For T (Fig. 6(a)), WRF widely outperforms MPAS, although the Plateau and Queen Maud Land show a

.{:_‘.’3 2 (a).- | 4l L) , (b) s Pl mix of r-esults. For WS (.Fig. 6(b)), WRF outperforms MPAS for the Ross Is. region, the Ross Icg Shelf, West
" D Antarctica, and the Peninsula, while MPAS is better over the Plateau and across East Antarctica.
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Fig. 1 WRF'domaln setup, t'opography shaded. (a) Coarse (30-km) and continental (10-km) grl.ds. (b) Fig. 2: WRF and MPAS 96-hr forecasts for AN AN S W 7 =N WA BisssE torecast hr 48 for McMurdo WRE BiaSRMSE
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initialization) and analysis. Sea leve 300L _ mb) in (a) shown alon - -
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MPAS and WRF runs are configured similarly, but different model capabilities and computer :ﬁs\/rx.p[i(\:/:/pitfgrc:g {?gdszif;;ﬁ;f:;) cool 1 lefvels at which moo.lel. bias | i
limitations prevent them from being identical. Table 1 lists the run specs. areas A, B, and C referred to in text. (a) i (.j'fffarences are statistically
» B ' et I 6001 i significant. (a) Temperature _ i
WRF. (b) MPAS. (c) AMPS analysis for 1200 ' bias (solid, °C) and RMSE ‘
Both surface and upper-air verifications are performed. The former are for austral winter and UTC 5 June 2017. 700/~ (dashed). WRF red, MPAS - 7
summer periods: Jul-Aug 2016 and Dec—Jan 2016-2017. Automatic Weather Station (AWS) p e | Foni e g NS TN T 800 . blue. (b) Wind speed bias - .
data and station reports from over 70 sites are used to verify surface temperature, wind N A G (3= sool ‘ 1 _ (solid, ms™) and RMSE ] ]
speed, and pressure. The upper-air verifications are performed for the austral autumn period o(c) | BN U LU A TN . @y 7 " /7| (dashed) WRF red, MPAS blue. .7(.b). - ! A —Zei
of April-May 2017 using the available radiosonde sites (approx. 12). S S SRS S 0 -8 6 4 2 0 2 4 6 8 10
e PMURDO /U S A BTN S S eMURDO U 8 A BTN S Figure 2 illustrates a foreca§t .con.1par-ison. At hour 96, the WRF .(Fig. 2(a)) an.d MPAS (Fig. Upper-air verification has been done for the period April-May 2017. For McMurdo T (Fig. 7(a)) the biases
m%ﬁ :lzif.i% :‘_é:;lz;‘;f U |—| m.,,%i 3?333 lﬁé;? LI | | | | o DeeSN e 2(b)) SLP and -3-hourly prehC|p|ta2||o|n fields pakr.aIIeI eaﬁh or’:her. Flrst,dallrl]ows -m WRF have are small through the column: mostly less than 1C, except the near-surface layer for WRF and around the
:E f-. VIPAS | A, oY : {Y . coun-terpart§ In MPAS— the models are tracking each other. Second, there is | tropopause. There are statistically significant differences (green bars) in the biases through 800 mb, with
wt Obs = | I IF' 1 ‘ ‘ I Jll ,| i ;M- consistency in the dept.h and pIacement of all pressure centers. For example, n the Ross MPAS being better with about half of WRF’s cold bias. Mid-tropospheric bias differences are negligible. For
g T | "'!'_ e <[k " i | |" i i .l i and-Amundsen.Seas (F|g. 1(b)),-a pair of lows dppears (L1, 12). The depth of L1is 96.3 the column, model RMSE differences are minimal (<2C). For WS (Fig 9(b)), both models have positive biases
g ';’EE | waf W4 (i ."-II g g _1': | ..: Hik | | | '."| I'n i | n;b n bOth'.Wh'Ie L2b|s i68 mb in WRF and 97-()?:”:/'%5-' Co:jngareﬁ Wf'th the analysbls for through 500 mb, with WRF being significantly better in the near-surface and 700-600 mb layers. MPAS is
e o :* ’Ft { -. Ii?."..!l-f;j;:"':i L B\E R '|' | . | i this time (Fig. 3(c)), both runs are accurate, with the analyzed depth of L1 at 958 mb. better in the upper troposphere/lower stratosphere, but the actual error magnitudes are small (<2 ms1).
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Fig. 4: Surface temperature forecasts and error statistics for MPAS and WRF at McMurdo. Top panel: -% _:;E' it 'I" A ’ i" .:r..%___.,.-' , t’l '% ] 7001 1 I | 7
Observations (green), MPAS forecast (red) temperatures, and WRF forecast (blue) temperatures. Bottom £ pood ) I il | ;k u{, oy 1:,’-'.9} o € o QU AR 800 _ e [UUISE (e asinzel) B (e i _
left: Average errors ([Q) per forecast hour (hrs 0—~120)— WRF thick solid, MPAS thin solid. Blue= bias; red= T ol 1{ 0 L [I,,;, Wy ﬁ {LF R ST Tf i MPAS blue.
RMSE; pink= bias-corrected RMSE; black= correlation. Dots along bottom indicate that the corresponding EEE -.} jl J kl L L = =ou" 200F i i i
error differences for given hr are statistically significant. Bottom right: Average observed and forecast 720 — | AT | a0 Ll ’ 1000——tot 1. L S I U I O e T S B
temperatures (°C) for§24—hr diurnal period iyn tﬁe verification perio%ls. (a) Julfg—Aug. 2016. (b) Dec.—Jan. :EEJ';L;%L}@L L S S Y O e s L@,L,%LJ%LF%L#;LLL' ;;ggg;gﬁ SR e S 1) 49 e
2016-2017. ) f:fi*f*ji%%w%@%%%%%% s ;ﬁ%&% R e e
0 EL e I N L B s e B G e For South Pole there are minimal T error differences for either bias or RMSE through the column at hour 48
Table 1: WRE & MPAS Configurations '%; 1 o - '%; e " (Fig. 8(a)). However, the small bias differences are in WRF’s favor and are statistically significant. For WS (Fig.
5 T — oS T e T 8(b)) WRF shows (significantly) smaller biases in the near-surface layer. Both models display negative speed
Grids i :\"'__‘_'“-I—'i " e < arg biases through the middle-troposphere to about 275 mb; these are quite small (< 2 ms™), however, with
WRF: 30-/10-/3.3-/1.1-km multiple nesting  MPAS: 60-km global mesh tr?;ﬁ el F.TD B t"gg i F.TD B MPAS being better with significance. While for other sites there is more lower-tropospheric difference in the
15-km Antarctic refinement 5(a) e o 5(b) T o errors in T and, in particular, WS, the differences are generally small, and the models are performing similarly.
Model Top and Vertical Levels . o
WRF: 10 mb (~31km) 60 half-levels manedsan-Seots Staion). Panels e Fig. 4. () ul g 2016, (5) Dec —lam. 20163017 4. SUMMARY
MRS SO (2 miD) - &9 TElreves For NWP guidance for the USAP forecasters and to explore MPAS in polar applications, MPAS has been
N N b. Verification Statistics implemented into AMPS operations. Synoptically, it is found that the MPAS forecasts are largely
In't_'al Cor.ldltlons S Statistical verifications with significance testing have been performed for surface consistent with WRF's, and there is correspondence out to 3-4 days of mesoscale features (e.g., pressure
Twice-daily runs: 0000, 12000 UTC initializations temperature (T), pressure, wind speed, and humidity. As an example, Fig. 4 shows the centers, precipitation). Divergence at longer lead times is tied to the differences in the models, their
WRF: GFS first-guess, WRFDA hybrid 3DVAR-ensemble data assimilation ’ ’ ’ . ' o . e el sl Haals it ere f AR
_ T seasonal T forecast results for the key USAP site of McMurdo Station (Fig. 1(b)). In winter phy P ’
HIPAEE GRS S HGUESS, M BELE BEslmlien (Fig. 4(a)) both the WRF and MPAS forecasts are colder than observations. However,
MPAS has a greater cold bias, most apparent in the 24-hr plots in the lower right. WRF is From the surface verifications it is found that overall WRF performs better statistically than MPAS.
Shared Physics statistically better than MPAS for hours 12—18 and after hour 39 (Fig. 4(a), lower left). In Surface temperature (T) forecast errors are better on the whole across the continent for WRF, while wind
¢ LSM: Noah (MPAS V3.3.1, WRF V3.7.1)  Cu: Kain-Fritsch (MPAS V3.5, WRF V3.7.1) summer (Fig. 4(b)) both models again display a cold bias, but MPAS’s is larger. The model speed (WS) forecast results are mixed. From upper-air verifications (T, WS), the largest differences
¢+ LW radiation: RRTMG (MPAS V3.4.1, WRF, V3.7.1) bias differences are significant for most of the forecast period. We find a diurnal variation between the models are in the lower troposphere and around the tropopause. However, overall we find
¢ Surface layer: MYJ/Eta (MPAS V3.5, WRF, V3.7.1) of T bias/RMSE in both models for summer, with this of higher amplitude in MPAS. The that differences aloft between the models are small, and vary with location, rather than either WRF or
average biases (i.e., for both seasons combined) here at McMurdo are -2.8C for WRF and MPAS being uniformly superior.
Different Physics -4.0C for MPAS.
+ PBL WRE: MY.J MPAS: YSU It is found that across Antarctica both models exhibit better forecast scores in summer than winter: this
+ Microphysics WRF: WSM-5  MPAS: WSM-6 seasonal performance loss is an area for improvement for both WRF and MPAS. Regarding MPAS, even
+ SW radiation WRE: Goddard MPAS: RRTMG REFERENCE with its coarser configuration, it holds its own with WRF and even statistically outperforms in selected
Powers, J. G., K. W. Manning, D. H. Bromwich, J. J. Cassano, and A.M. Cayette, 2012: A decade sites and regions. Higher resolution and updated polar-modified physics are planned for MPAS in AMPS.
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