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Abstract This study investigates the qualities of four soil temperature reanalysis products over middle and high
latitudes of East Asia based on a set of Russian historical soil temperature data (RHSTD). The four reanalysis products are
the ERA-Interim re-analysis, ERA-Interim/Land (i.e. ERA-Land), and MERRA-Land generated by running land surface
models offline, and a 20th century reanalysis (i.e. the NOAA-CIRES 20CR). More emphases are put on the spring and
summer, and main results are as follows. Large seasonal fluctuations of 0—2 m soil temperature around 0°C are found in
the RHSTD, but the soil temperature below 2 m stays relatively stable. Furthermore, the soil below 2 m is permanently

frozen to the north of 60°N. The four reanalysis products well capture these characters. Regardless of the spring, summer
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or annual mean, the soil temperature climatology shown in the four reanalysis products is always “warm in the south and

cold in the north”, while the spatial pattern of the ERA-Land is the closest to observations. In terms of seasonal cycle, the

ERA-Land at this region has a better performance in reflecting the soil freezing and thawing processes and the seasonal

evolution of soil temperature. Situations are more complex regarding the interannual variability of soil temperature, i.e.

standard deviation, because errors between these re-analysis products and observations vary with season and soil layer

greatly. As for the interannual change, the correlation between each reanalysis product and observations is better in the

summer than in the spring, and the correlation in the upper layer is better than that in the deep layer. Meanwhile, the

ERA-Land is the most representative of the four re-analysis products. It better reproduces the interannual changes in

observed soil temperature than the other three products.

Keywords Middle and high latitudes of East Asia, Soil temperature, Data evaluation, Vertical profile, Climatology,

Seasonal cycle, Interannual variation
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Fig. 1 Locations of soil temperature observation stations over middle and high latitudes of East Asia
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Locations of these stations are shown in Fig.3
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Table 2 Climatologies and standard deviations of domain-averaged soil temperature at 10-30 cm depth during the period of
1980 -1990. R1, R2, R3, R4, and OBS represent data ERA-Interim, ERA-Land, MERRA-Land, NOAA-CIRES, and RHSTD,

respectively. A to F represent the six sub-domains shown in Fig.2

RS (J5E—O0BS) /°C

LB bRHEZE (J5UED /°C

A B C D E F A B C D E F

(eSS ] R1 —6.8 —4.3 —6.7 —4.1 —6.1 -5.8 0.5 0.6 0.7 0.7 0.7 0.4
R2 -1.5 -0.9 1.1 0.1 2.1 0.9 0.2 0.3 0.5 0.5 0.7 0.3

R3 —4.4 -4.5 -4 —4.4 —4.4 =37 0.7 0.7 1 0.8 0.7 0.9

R4 —4 -2.6 -3 -2.7 1 0 0.3 0.5 0.8 0.4 0.8 0.8

OBS 0 0 0 0 0 0 0.5 0.4 0.7 0.5 0.6 0.9

K R1 -7.8 -3.8 —8.8 -3.1 —-10.7 —-10.6 15 1.2 1.4 1.1 1.3 1.3
R2 -2.2 -1.3 0.7 —-0.1 1.3 1.5 0.3 0.8 0.8 0.7 1.1 0.5

R3 -4.9 —4.1 =5.1 -33 —6.4 —4 1.4 1.2 1.4 0.9 1.4 1.3

R4 -3.2 -2.1 -39 -1.9 0.3 1.6 0.6 0.5 1.2 0.7 1.4 12

OBS 0 0 0 0 0 0 0.7 0.9 1.1 0.7 1 1.1

B R1 2.2 —4.3 2.8 2.8 -1.9 2.6 0.9 0.6 0.7 0.9 0.7 0.6
R2 -1.6 -3 -1.7 -1.3 -0.8 -2.2 1.1 0.7 0.8 1 0.9 0.6

R3 =37 —5.6 -33 —4.3 -2.5 -33 0.9 0.7 0.8 0.8 0.8 0.6

R4 -8 -8 -8.4 -7.8 —4.6 -4.9 1.1 0.9 0.8 0.7 0.7 1.1

OBS 0 0 0 0 0 0 0.8 0.6 0.6 0.7 0.9 0.6

e A IBAEAR S ZE e dse /o BREZEITRL CRRIZD BUEAR MR (I 0.3°C Ll k.
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Fig. 9 Seasonal cycles (1980-1990 average) of domain-averaged 10-30 cm soil temperature over sub-domains A to F in middle and high latitudes of East Asia

(units: °C). (a) to (f) correspond to sub-domains A to F shown in Fig. 2
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Fig. 10 Time—depth cross sections of 1980-1990 mean soil temperature at the four representative stations over middle and high latitudes of East Asia
(units: °C): (al, a2, a3, a4) RHSTD (observed); (bl, b2, b3, b4) ERA-Interim; (cl, c2, c3, c4) ERA-Land; (d1, d2, d3, d4) MERRA-Land; (el, e2, e3, e4)
NOAA-CIRES. Locations of these stations are shown in Fig. 3
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Table 3 Spatial correlation coefficients between the standard deviation of observed soil temperature and those of the four

soil temperature re-analysis products. L1 to L4 indicate the four soil layers shown in Fig.2

B AR FRA MM KA RSP
L1 L2 L3 L4 L1 L2 L3 L4 L1 L2 L3 L4
ERA-Interim - 0.16 0.01 0.35 - 0.29 0.25 0.27 0.48 0.43 0.15 0.11
ERA-Land - 0.34 0.40 0.39 - 0.34 0.28 035 0.50 0.41 0.03 0.39
MERRA-Land - 0.60 0.54 0.40 - 0.32 0.00 —0.11 0.33 0.40 0.04 -0.02
NOAA-CIRES - 0.47 0.48 0.37 - 0.38 0.47 032 0.11 016  —0.01 -0.05

e FFENW SRR ESBEAR. IR CRRIZL) BiikH 0.01 (0.05) BEFEMKTF.
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Fig. 11 Spatial patterns of standard deviations of 0—10 cm, 10-30 cm, and 30—100 cm annual mean soil temperature from 1980 to 1990 over middle and high
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Table 4 Temporal correlation coefficients between domain-averaged RHSTD at 10-30 cm depth and those of the four

reanalysis products during the period from 1980 t01990. A to F indicate the six sub-domains shown in Fig. 2

FRN AR R

EESDILEESS.

A B C D E F A B C D E F
ERA-Interim 0.79 0.95 0.85 0.83 0.89 0.59 0.76 0.94 0.89 0.92 0.82 0.90
ERA-Land 0.75 0.98 0.94 0.93 0.37 0.61 0.73 0.92 0.87 0.94 0.79 0.84
MERRA-Land 0.69 0.93 0.70 0.88 0.89 0.76 0.74 0.94 0.86 0.94 0.80 0.90
NOAA-CIRES 0.73 0.93 0.78 0.80 0.32 0.50 0.52 0.77 0.23 0.55 0.19 0.71

e IR CRRIZR) BUEEE] 0.01 (0.05) BENEKTF.
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