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Abstract: [ Objective] This study aims to reveal the spatiotemporal variation patterns of subsurface hydrological
connectivity and its key influencing factors in a watershed driven by rainfall. [Methods] The Longyan small
watershed in a subtropical low-hilly region was selected as the study area. High-frequency monitoring of shallow
groundwater levels was conducted. In combination with hierarchical clustering, time-series similarity analysis, and
graph theory methods, the strength of watershed subsurface hydrological connetivity under different rainfall
conditions was quantified. The spatiotemporal variation patterns were then characterized, and the influencing
mechanisms of rainfall on conductivity strength were explored. [ Results] Subsurface hydrological connectivity
strength varied significantly across rainfall events, with mean values ranging from 0.248 to 0.663, representing an
average increase of 52.35% compared to the initial stage of rainfall. Both the mean and maximum connectivity

strengths followed the order: high rainfall amount with high intensity™>moderate rainfall amount with moderate
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intensity >low rainfall amount with low-intensity. The response of hydrological connectivity strength to rainfall
differed by event type. For events of low rainfall amount with low intensity, the response was slow, and the
connectivity was confined to riparian zones, whereas for events of moderate/high rainfall amount with moderate/
high intensity, the response was rapid, and the connectivity expanded to hillslope areas, with the peak connected
area reaching 90.60% . Both the mean and maximum connectivity strengths showed significant positive correlations
with rainfall amount, rainfall duration, and the maximum 15 min and 30 min intensities. In contrast, the minimum
connectivity strength was significantly influenced by rainfall conditions at the early stages. [ Conelusion] This
study systematically reveals the influencing mechanisms of rainfall on subsurface hydrological connectivity,
offering important insights for understanding watershed subsurface hydrological processes.
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Fig.2 Rainfall amount and runoff during monitoring period
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Table 1 Characteristic parameters of rainfall events during monitoring period
00 s ] FER  FERHT BERTE/ CFIRNR/ 15 mindR KW 30 mind KW AT3dFEM ATSdFEM AT 7 d FE

CE-H-H) H ik /h mm  (mm-h™»  #/(mm-h™"D #/(mm-h™D  EEH/mm  FHH/mm S/ mm
2023-06-13  Eventl 7.42 5.20 0.70 3.20 2.40 0 0 0
2023-06-21  Event2 13.84 9.80 0.71 8.80 5.20 70.40 70.60 70.60
2023-06-22  Event3 0.33 5.20 15.76 20.80 10.40 80.20 80.20 80.40
2023-07-15  Eventd 1.08 8.00 7.41 12.00 10.80 0 0 0
2023-07-18  Event5 0.92 9.00 9.78 28.80 16.40 0.20 8.20 8.20
2024-04-18  Event6 6.42 11.40 1.78 10.40 8.00 25.20 25.20 28.00
2024-04-19  Event? 12.50 14.00 1.12 22.40 18.00 36.60 36.60 39.20
2024-04-20  Event8 2.17 7.00 3.23 10.40 7.60 25.40 50.60 50.60
2023-05-21  Event9 5.34 27.20 5.09 20.80 16.00 19.80 20.00 20.00
2024-04-16  Eventl0 3.92 21.00 5.36 35.20 24.80 4.00 6.60 6.60
2024-04-24  Eventll 16.17 28.80 1.78 14.40 8.40 1.60 19.00 44 .40
2024-04-29  Eventl2  13.92 32.40 2.33 40.00 30.80 0 25.20 31.00
2024-06-15  Eventl3 2.08 28.20 13.56 41.60 38.80 10.40 15.20 29.60
2024-06-19  Eventl4  10.08 27.60 2.74 26.40 19.20 100.00 133.20 141.20
2023-06-20  Eventl5  16.33 68.00 4.16 61.60 40.00 2.40 2.60 3.00
2023-06-24  Eventl6  27.75 71.80 2.59 24.80 17.60 63.80 134.20 134.40
2024-05-11  Eventl7 2.58 43.60 16.90 80.00 64.40 1.60 1.60 12.00
2024-06-17  Eventl8  16.67 87.80 5.27 68.00 48.80 40.40 50.80 55.20
2024-07-27  Eventl9  31.33  321.00 10.25 63.20 51.20 0 0 0
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Table 3 Subsurface hydrological connectivity strength under rainfall events

Eventl 2023-06-13 0.254 0.264 0.228 0.037
Event2 2023-06-21 0.253 0.259 0.160 0.073
Event3 2023-06-22 0.248 0.259 0.171 0.044
JINF Event4 2023-07-15 0.258 0.264 0.249 0.049
/I 3 Event5 2023-07-18 0.254 0.260 0.234 0.036
Event6 2024-04-18 0.259 0.259 0.253 0.007
Event? 2024-04-19 0.308 0.478 0.229 0.207
Event8 2024-04-20 0.260 0.272 0.259 0.006
Event9 2023-05-21 0.467 0.810 0.235 0.365
Event10 2024-04-16 0.260 0.264 0.259 0.006
o A Eventl1 2024-04-24 0.346 0.440 0.256 0.169
HR 58 Event12 2024-04-29 0.331 0.486 0.229 0.188
Eventl3 2024-06-15 0.485 0.787 0.235 0.317
Eventl4 2024-06-19 0.482 0.676 0.266 0.210
Eventl5 2023-06-20 0.332 0.635 0.229 0.377
Event16 2023-06-24 0.474 0.785 0.256 0.320
igi Event17 2024-05-11 0.419 0.599 0.258 0.261
Event18 2024-06-17 0.663 0.860 0.259 0.153
Event19 2024-07-27 0.546 0.906 0.253 0.393
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