Is ERAS Fit for Purpose?
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Reanalysis products, such as the widely ERAS temperature biases are generally small and well-centered near zero ERAS dewpoint performs poorly in Dry and Mediterranean zones, where _ ] ]

used ERAS, blend numerical weather at bqth 7 AM and 3 PM across Temperate ar.ld. Cold cl?mate zones. biases exceed +3°C roughly 18% of the time and afternoon biases are Tropical- I ]

model output with satellite, surface, T.rop.lcal,.Dry, and Mediterranean zone:?: exh.lblt the Wlde.St bias o gen.erally larger than morn.ing biases. High-bias static?ns cluster in.arid o I [

and upper-air observations to produce distributions at both 7 AM and 3 PM with biases exceeding +/- 3 “C greater | regions and complex terrain globally. Surface dewpoint errors of just 2°C o /] ]
_ _ . than 10% of the time. The global map highlights that stations exceeding can yield CAPE estimates that are in error by factor > 2 (see lower right), |

gridded estimates of the atmospheric |3 °C| at 3 PM are concentrated in areas of complex terrain. undermining ERAS's reliability as input for moisture-sensitive applications. = Mediterranean- - ]
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used as a proxy for observations in
climate research, as initialization for
weather models, and for Al training.
However, reanalysis quality is not
uniform, it varies by region, climate
zone, meteorological variable, and time
of day. Users often apply ERA5 without
guantitative awareness of this varying ..
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observations across diverse climate
zones, seasonal and diurnal cycles, and
weather conditions. This information
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Data & Methods Oo

We compare data from ECMWF ERAS
reanalysis to surface observations at
1200+ airport and buoy stations across
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Global maps of land-based weather stations of the frequency of median ERA5 temperature bias Global maps of land-based weather stations of the frequency of median ERA5 dewpoint bias
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exceeding |3°C| with station markers colored by the percentage of hours exceeding the threshold. exceeding |3°C| with station markers colored by the percentage of hours exceeding the threshold.
Stacked Horizontal Bar Plots of the frequency of temperature and dewpoint biases > |3°C| for extreme event hours. Extreme event conditions are
Distributions Of Temperature Biases by Climate Zone Distributions Of Dewpoint Biases by Climate Zone generally underestimated by ERAS across most climate zones at least 5% of the time. Warm events exhibit cold bias, Cold events exhibit warm
. : bias, Moist events exhibit dry bias, and Dry events exhibit moist bias. Bias distributions are wider and more skewed in Tropical, Dry, and
61 1 7 AM A “ | 1 7 AM Mediterranean climate zones indicating more uncertainty and larger spread of errors in drier and warmer climate regimes. There are no hours
I 3 PM }l Al !l B 3 PM where warm event errors are more than 3° higher in temperature and no hours where moist events errors are more than 3° higher in dewpoint.
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B +._: e | o « More freguent biases <-3°C or >3°C for both temperature and dewpoint occur in complex terrain associated in part with representativity issues between weather station and ~30 km x ~30 km Upper air sounding for Santarém, Pard, Brazil at 00 UTC on 2026 05 01. Weather conditions at this
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It 7AM ” . ~* Extreme events are often underestimated in ERA5 reanalysis with more skewed bias distributions for Tropical, Dry, and Mediterranean as compared to Temperate and Cold climate zones. In
S TAm TAM 1AM 7AM particular, higher error frequencies occur in arid regions with > 90th percentile warm event hours as too cool and < 10th percentile dry events as too moist. Acknowledgments
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on ERAS uncertainty in temperature and dewpoint.
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