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Fig. 1 Monthly dynamics of average air temperature, relative humidity, total radiation, precipitation and

water surface evaporation in the study area
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Fig.2 Daily dynamics of total radiation and water surface evaporation in the study area
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Fig.3 Schematic diagram of experimental design in bare land
(a) and earth flatland (b)
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Fig. 4 Daily dynamics of average air temperatures at different spatial heights of two underlying surfaces in different months
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Table 1 Significant differences of air temperature at different spatial heights of two
underlying surfaces from 8:00 to 18:00 in different months (°C)
AR
Ay WZl it i)
L= Iz T2 L=z Iz =
8:00 18.62+1.72Aa 18.74+1.69 Aa 19.2241.73 Aa 18.54+1.61 Aa 18.04+1.66 Aa 18.08+1.72 Aa
10:00 22.96+2.17Aa 23.104£2.16 Aa 25.20+2.66 Aa 22.82+2.02 Aa 22.86+2.03 Aa  23.76+2.18 Aa
12:00 28.26+3.24 Aa 28.90+3.35 Aa 32.48+4.00 Aa 28.78+3.32 Aa 29.6843.43 Aa 34.18+4.43 Aa
! 14:00 31.88+1.75 Aa 33.4242.24 Aa 37.06+2.46 Aa 34.04+1.92 Aa 3530+£2.28 Aa 41.42+3.35 Aa
16:00 30.56+2.89 Aa 30.62+2.95 Aa 33.86+3.44 Aa 30.40+2.72 Aa 32.72+3.28 Aa 34.5443.69 Aa
18:00 23.68+1.92 Aa  23.82+1.97 Aa 24.58+2.09 Aa 24.02+1.92 Aa 24.06+1.90 Aa 24.54+1.89 Aa
8:00 24.88£0.28 Aa  24.82+0.37 Ba 25.14+0.38 Ba 24.96+0.29 Ab]  23.38+0.31 Aa  22.46+0.32 Aa
10:00 30.38+1.22 Aa 30.91£1.00 Aa 32.92+1.32 Aa 30.64+0.75 Aa 30.41£0.73 Aa 30.44+0.78 Aa
12:00 32.72+0.91 Aa 3541+1.42 Aab  38.65+2.06 Ap) 35.69+1.47 Aa 36.16+£1.47 Aa 38.32+1.67 Aa
7 14:00 37.22+0.83 Aa 38.15£1.17 Aa 39.53+0.53 Aa 40.85+0.85 [Ba 41.884+0.98 43.20+0.67 Ba
16:00 35.20+1.39 Aa 36.80+1.58 Aa 38.29+1.61 Aa 37.15£1.62 Aa 38.15£1.68 Aa 38.74+1.18 Aa
18:00 27.68£0.29 Aa  27.88+0.31 Aab  29.04+0.40 Ap| 28.68+0.54 Aa 28.84+0.59 Aa 28.78+0.43 Aa
8:00 21.43+0.18 Aa  20.82+0.32 Aa 21.2440.44 Aa 21.16+0.27 Aa 20.64+0.60 Aa 20.61+0.61 Aa
10:00 27.40+1.23 Aa  27.55+1.18 Aa 30.56+1.75 Ba 27.33+1.03 Aa 27.89+41.26 Aa  25.26+0.34 Aa
12:00 30.51+1.66 Aa 38.65£2.06 Aa 35.60+2.23 Aa 31.17£1.75 Aa 32.19+1.95 Aa 34.89+2.63 Aa
10 14:00 33.04+0.98 Aa 34.84+1.12 Aab  38.70+1.11 Ap) 33.85£1.10 Aa 34.70£1.13 Aa 37.57+1.43 Aa
16:00 33.05+0.75 Aa 33.78+0.72 Ba 42.29+0.99 31.89+0.72 Aa 31.15£0.71 Aa 29.98+0.55 Aa
18:00 24.93+0.42 Aa  24.69+0.48 Aa 25.63+0.38 Aa 25.30+0.37 Aa 25.3140.36 Aa 25.66+0.40 Aa
8:00 —1.66+1.00 Aa  —1.80+0.90 Aa —2.56+0.72 Aa —1.58+0.87 Aa  —1.64+0.83 Aa  —1.30+0.74 Aa
10:00 10.5440.52 Ba 10.2440.51 [Ba 12.74+0.45 8.42+0.55 Ap| 6.94+0.72 Ap) 3.46+0.66 Aa
| 12:00 19.24+0.63 Aa 19.10+0.62 Aa 24.74+0.64 19.20+0.77 Aa 19.54+0.66 Aa  20.38+0.40 Aa
14:00 21.94+0.87 Aa  22.48+0.90 Aa 29.22+0.81 22.42+0.81 Aa 23.78+0.79 Aa 22.64+0.71 Aa
16:00 19.38+0.96 Ba 19.84+0.94 Ba 24.68+0.93 14.52+0.84 Aa 14.48+0.84 Aa 13.624+0.95 Aa
18:00 10.42+1.12 Aa 10.28+1.18 Aa 9.76+1.13 Aa 10.38+1.10 Aa 10.22+1.10 Aa 9.86+1.07 Aa

T B R A (A bR R 22, KL B S RE R - R R A B M 25 5 (P<0.05) 6
FIRFR2[E

ANRVNG T REFRIR [R]— #4523 18] o 2 5 135 (P<0.05) .

AR KRG A9 3% [ — 725 18] o JEE R i - T =2 ) 2 57 15 3 (P<0.05),

Note: Data are mean + standard error. Boxed bold letters indicate significant differences (P<0.05). Uppercase letters indicate significant differences (P<0.05)

between bare land and soil surface at the same spatial height. Lowercase letters indicate significant differences (P<0.05) at different spatial heights of the same

underlying surface (hereinafter the same in Table 1 and Table 2).
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Fig. 5 Daily dynamics of average relative humidity at different spatial heights of two underlying surfaces in different months
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*2 AERAH 8:00—18:00 MAMTREET EHEMEMNEE (%) BEEER
Table 2 Significantly differences of air relative humidity (%) at different spatial heights of two underlying surfaces
from 8:00 to 18:00 in different months
eSS
Ay Bz Rt i)
E=E Tz TZ LE Tz TZ

8:00 84.04+4.39 Aa 84.02+4.51 Aa 85.84+4.15 Aa 84.68+3.97 Aa  87.10+3.44 Aa 89.10+3.45 Aa
10:00  67.94+7.69 Aa 67.10£7.78 Aa 65.48+7.84 Aa 67.98+6.52 Aa  67.84+6.65 Aa 68.06£7.19 Aa
12:00  50.70+9.78 Aa  48.82+10.04 Aa  45.62+11.34 Aa 49.26+9.75 Aa  47.60£9.90 Aa  41.30+£11.22 Aa
! 14:00  37.16+4.48 Aa 35.20+5.01 Aa 31.96+5.91 Aa 33.08+4.61 Aa  31.08+4.79 Aa 25.56+6.34 Aa
16:00  39.3247.18 Aa 39.44+7.35 Aa 36.50+8.17 Aa 40.58+7.43 Aa  37.20+£8.51 Aa 34.56+9.09 Aa
18:00  57.92+6.63 Aa 58.6+5.80 Aa 57.86+6.23 Aa 57.78+6.34 Aa  57.56+5.86 Aa 58.10£5.77 Aa
8:00 77.9242.90 Aa 80.44+5.48 Aa 86.51+5.82 Aa 77.57£3.24 Aa 84.22+3.10 Aa 88.75+3.47 Aa
10:00  57.77+3.71 Aa 56.13+£3.68 Aa 58.50+4.00 Aa 57.07+2.56 Aa  58.52+2.93 Aa 61.284+4.54 Aa
12:00  50.46+2.33 Aa 43.544+3.18 Aa 42.71+4.28 Aa 43.16+3.64 Aa  42.31+£3.67 Aa 40.60+4.30 Aa
’ 14:00  38.94+2.01 Ba 37.80£1.92 Ba 36.20+1.54 Ba 32.91£1.10 Aa  31.72+1.48 Aa 29.67+1.41 Aa
16:00  43.1242.55 Aa 39.24+2.58 Aa 41.76+2.12 Aa 39.49+2.17 Aa 38.12+2.90 Aa 37.07+£2.50 Aa
18:00  63.17+£2.48 Aa 62.60+2.53 Aa 62.97+2.59 Aa 60.44+2.04 Aa 59.71x1.71 Aa 60.89+2.59 Aa
8:00 83.81+1.17 Aa 91.42+2.66 Ap) 86.68+1.64 Aab 83.98+1.12 Aa  85.82+2.18 Aa 86.07+2.20 Aa
10:00  62.05+4.00 Aa 60.94+4.10 Aa 58.21+4.29 Aa 62.74+3.24 Aa 60.36+4.18 Aa 70.06+0.70 Ba
12:00  50.91+5.35 Aa 48.75+£5.31 Aa 42.35+5.30 Aa 49.96+538 Aa  47.49+£5.19 Aa 42.2246.01 Aa
10 14:00  42.22+2.58 Aa 38.52+2.64 Aa 33.89+2.34 Aa 41.03+2.86 Aa  38.83+3.14 Aa 33.67£3.20 Aa
16:00  40.94+2.43 Ap| 38.86+2.15 Ap) 25.87+1.66 Aa 42.00£2.91 Aa  43.25+2.95 Aa 46.46+2.59 Ba
18:00  62.95+2.85 Aa 63.86+2.82 Aa 61.40+2.76 Aa 62.83+2.78 Aa  62.65+2.65 Aa 60.76£2.75 Aa
8:00 98.32+1.08 Aa 99.12+0.68 Aa 100.00+0.00 Aa 98.66+1.03 Aa  98.98+1.02 Aa 99.02+0.58 Aa
10:00  53.50+2.22 Aa 54.78+2.53 Aa 57.48+2.28 Aa 65.62£2.74Ba  71.70+3.83 Ba 86.92+3.12 Bb)
| 12:00  30.94+2.49 Aa 31.5242.26 Aa 29.44+2.34 Aa 3226+£2.28 Aa 31.74+2.05 Aa 38.5242.25Ba
14:00  27.80+2.38 Aa 27.16+2.46 Aa 22.00+1.75 Aa 27.62+2.06 Aa  25.58+2.08 Aa 31.48+2.27 Ba
16:00  32.1442.96 Aa 31.94+2.69 Aa 26.48+2.16 Aa 42.00+2.50 Ba  42.54+2.21 Ba 51.524+2.88 Ba
18:00  59.22+3.30 Aa 59.86+3.25 Aa 63.58+3.81 Aa 59.84+£3.20 Aa  61.60+£2.94 Aa 66.98+3.02 Aa

FJR(P<0.05); 1| A#M T E=TRE . B H =
BEE T L (P<0.05), 7EEZFMAINER, L )z
AU B BRI 2L, B A AR T B R AR
ARl AZEMINE R, L R R AR RN T2,
P e RS R 2V B A A S0

4 i iR

5 7R WA g 5 XS, A1 AL X A 2 e
A S R G T A R o1, R R TR AR AR B
B SR A M (b R TOnss
F) o AN (A B D 35 R KRIIPERTE, X
ot F AR BB K BRI ER A o XA T
TSP A RIS, AT AT 22/ NV st R

W H AT, A 5 AL DT i/ NN AT 5T
R 2 FUe MR 2 SR B AR 5 I ) Bl o B — 23 )
BNV R, BLAS R LUE R R oy 1 A
WFFEARE Z AR T, ZE TR A H sh 80, 162k B
23 A 7R 2 BT HE 3B 1 P S i /NSO
SRR L, /N F 3l AN B LR
PERFAE, B A AT | “aR” K s 200,
AR CBRIRT . R R G RO, X — R
X FIRANIR S48 A A X R 3 A AR A AL K
8 B Bl SR 1 S e R

52 2 1V K BH 5 S e s s g, - o £ BRI A A
[a] F) /N Ao H Bh SN o 5 7 A B A S e 55 f 1 4
b & ZH RIR I I BOBE TR AL, X5 ik £
TE 4 £ B P 2 DR OG0 B H A O
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Table 3  Significantly differences of air temperature and relative humidity at different

spatial heights of two underlying surfaces in different months

TR
At R ity (]
L= H= Tz L= Iz Tz
4 TR/ C 16.10+1.55 Aa 17.08+1.93 Aa 20.72+1.80 Aa 17.48+1.58 Aa 19.02+2.00 Aa  24.50+3.13 Aa
RR /% 56.90+5.85 Aa 58.42+6.08 Aa 62.36+5.70 Aa 59.46+5.72 Aa 61.00+5.71 Aa 67.10+£6.59 Aa
TR/ C 17.50+1.00 Aa 19.03+1.29 Aa 21.77+1.52 Aa 20.90+0.89 Ba 21.91£0.94 Aa  23.20+0.42 Aa
! RR /% 56.77+4.48 Aa 61.53£3.82 Aa 62.54+2.64 Aa 62.65+3.65 Aa 64.36+3.58 Aa 66.49+2.55 Aa
TR/ C 15.45+1.43 Aa 17.68+1.30 Aa  23.60+1.73 Ap) 15.86+1.40 Aa 16.47+1.62 Aa 19.63+£2.03 Aa
10 RR /% 53.26+5.72 Aa 59.92+4.52 Aa 66.79+4.26 Aa 53.10+£5.38 Aa 53.32+5.33 Aa 56.80+5.55 Aa
| TR/ C 24.26+0.74 Aa 24.92+0.83 Aa 32.28+0.85 24..44+0.67 Aa  25.80+0.70 Aa  24.26+0.49 Aa
RR /% 71.60+2.18 Aa 72.66+2.39 Aa 78.00£1.75 Ba 71.36+1.82 Aa 73.40+1.78 Aa 67.86+2.01 Aa

T B R I AR 22, A B SHE ) TR RAAE B B M 25 52 (P<0.05) o AR KE 7R R Al — 23 (8] i BE AR M RN - T 2 8] 25 R B 3%, RIR/NG
TRl — T A4S [ i B 25 5 23 . TR(daily temperature range) /8 H 40225 RR(daily relative humidity range) F/RHIXHEHE H 4025

Note: Data are mean + standard error. Boxed bold letters indicate significant differences (P<0.05). Uppercase letters indicate significant differences between bare

land and soil surface at the same spatial height. Lowercase letters indicate significant differences at different spatial heights of the same underlying surface. TR:

daily temperature range, RR: daily relative humidity range.

A B (14:00) , 1815 A R Sk W AT A B 6 e e 45, 3ol
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Daily dynamics effects of microclimate of two underlying
surfaces in rocky desertification areas

WANG Jia"?, LI Sheng'’, ZHENG Yanhong', PAN Wen', SUN Yan'
( 1. Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Hangzhou, Zhejiang 311400, China; 2. Puding Karst Rocky

Desertification Ecosystem Research Station, Puding, Guizhou 562100, China )

Abstract As an ecologically vulnerable area with the strongest karst development in the world, the karst area in
Southwest China exceeds 540,000 km’. Long-term human activities and frequent extreme climate have accelerated soil
erosion, causing large areas of bedrock to be exposed on the surface; consequently, a rocky desert landscape with
severely degraded vegetation came into being. Under the influence of the hot and humid monsoon climate, carbonate
rocks underwent dissolution, which formed various heterogeneous underlying surfaces such as earth flatland and stone
surface. The local microclimate differences caused by different underlying surfaces play an important role in regional
vegetation restoration and ecosystem reconstruction. Current research on environmental factors in rocky desertification
areas mainly focuses on water, soil and other aspects, while there is still a lack of research on microclimate of
underlying surfaces.

Taking two typical underlying surfaces (earth flatland and bare land) as the research objects, this study aims to
explore the microclimate effects of heterogeneous underlying surfaces in rocky desertification areas. A long-term
quantitative comparison in daily dynamics of near-surface temperature and humidity of these two underlying surfaces
were conducted through simulation experiments. In rocky desertification areas, earth flatland is composed of polygonal
rock masses exposed on the surface and patches of soil distributed inside, while bare land is normal land with no
exposed rocks and no vegetation coverage. This study area is located in Puding county, Anshun City, Guizhou
Province, where karst is strongly developed. The karst landform accounts for 84.27% of the county area with 60.55%
of rocky desertification. The county has humid monsoon climate on the north subtropical plateau, with an annual
average temperature of 15.1 °C and an annual rainfall of 1,378.2 mm. The annual total solar radiation fluctuates from
85.71 to 458.81 MJ'm *.

Preliminary field surveys found that there were large parameter variations in rock mass shape and size, and
orientation of earth flatland. In order to improve the reliability and accuracy of the observation results, this study
adopted in-situ limestone and concrete pouring technology to conduct simulation construction based on the average
parameters of 30 earth flatlands that have been investigated. There were three replicates for each of the two underlying
surfaces. To carry out long-term monitoring of temperature and relative humidity, high-resolution iButton DS1923
temperature and humidity recorders were installed at different heights (2 cm, 40 cm and 80 cm) above the surface of
the two underlying surfaces. All data analyses were performed in the R version 4.2.3. The functions of tapply and
bartlett.test/var.test were used to test data normality and homogeneity of variances. If the data passed the test, one-way
ANOVA would be used to conduct multiple comparisons of air temperature and humidity at different spatial heights.

An independent sample t-test was used to compare the air temperature and humidity at the same spatial height on earth
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groundwater level variation and precipitation. That is, the longer a groundwater runoff distance is, the more hysteretic
the response of groundwater level to precipitation becomes. The groundwater level variation in the runoff—discharge
area lags behind precipitation by 2.66 —7.7 days, by 1.25-8.04 days in the discharge area. Because the regional
hydrogeological conditions of the two groundwater systems in the study area are different, the responses of the two
groundwater systems in the north and south to precipitation are also different. In the southern groundwater system, the
time lag of the response of groundwater level variations to precipitation gradually increases from the runoff—discharge
area to the discharge area. In the northern groundwater system, due to the effect of the long-distance precipitation
recharge from upstream, the groundwater level of runoff—discharge area changes more slowly than that of discharge

area with multiple sources of recharge.

Key words wavelet analysis, cross correlation analysis, groundwater level dynamics, karst basin
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flatland and bare land. If the test failed, multiple sets of data would be applied for non-parametric testing and multiple
comparisons through the kruskal.test function and PMCMRplus package. These two groups of data were applied for
the wilcoxon rank sum test by the wilcox.test function.

Daily dynamics of microclimate of bare land and earth flatland obviously differed on the spatial and temporal
scales. When solar radiation was the strongest in summer, temperature at each spatial height of earth flatland was
significantly higher than that of bare land (P<0.05), and the relative humidity was significantly lower than that of bare
land (P<0.05), which led to warming and dehumidifying conditions. However, air temperature in the bottom space of
earth flatland was significantly lower than that in bare land (P<0.05), and the relative humidity was significantly higher
than that of bare land (P<0.05) from 10:00 to 16:00 in winter, which resulted in cooling and humidifying effects. The
daily variation degree of microclimate in bare land and earth flatland was significantly different in response to different
seasons. The daily temperature range of the upper layer of earth flatland was significantly higher than that of bare land
(P<0.05) in summer, indicating that the earth flatland intensified the daily change of air temperature. However, the
daily temperature and humidity range of the lower layer of the earth flatland was significantly lower than that of the
bare land (P<0.05) in winter, showing that the earth flatland buffered the daily change of the microclimate.

At present, bedrock-exposed areas of rocky desertification are under a more severe and changeable microclimate
change background. Therefore, based on the differences in the microclimate effects of heterogeneous underlying
surfaces, priority should be given to introduce early fast-growing karst plants to accelerate surface vegetation coverage
and improve local microclimate conditions, which would play a positive role in buffering microclimate changes in

rocky desertification areas and accelerating vegetation restoration.

Key words rocky desertification, underlying surface, microclimate, temperature and humidity, vegetation restoration
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