
Introduction  We produce a global-scale first-generation event set of multi-scale and multi-threshold hydroclimatic extremes (i.e., 
heatwaves, meteorological droughts, cold surges, and extreme precipitations) attached with complicated evolutions and metrics, 
using the newly proposed 3D (longitude–latitude–time) DBSCAN-based workflow of event detection.
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Fig. 1   The general workflow of detection and metrics regarding the database production. 
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Fig. 3   Spatiotemporal evolutions of the three well-known cases of 
extreme precipitations, cold surges, and heat waves detected with the 3D 
DBSCAN-based workflow. 

Fig. 2 Principles and Sketch map of DBSCAN-base Detection

3-D point clustering based event detection Algorithm: DBSCAN
pFull Name: Density-Based Spatial Clustering of Applications with Noise (Ester et al., 1996)
pTwo key parameters: numbers of discrete points minPts within search radius ε
pDimensional Application Flexible
pEasily maintained by python-based sklearn package 

Fig. 5   Global-scale 1951—2022 event-based spatial 
distributions of typical extreme events ((a)—(d)) and associated 
Latitude—Event Count evolutions ((e)—(h)). Meteorological 
drought (a), cold surge (b), heatwave (c), and extreme precipitations 
(d) are plotted. The peak value of event count and associated 
latitudinal locations are also marked regarding the latitudinal 
evolutions of event counts. All the extreme events are retrieved 
from the Glo3DHydroClimEventSet(v1.0) database, with parameters 
briefly labeled in the caption of each sub-figure.

Fig. 4  The 3D DBSCAN algorithm for Event-based  Global Monitoring 
during July—September, 2022

Figure 6  "ALL (OMEGA+RV+DIV)" scheme-based 
hydrometeorological reconstruction of the interannual 
variability and associated predictor contributions regarding the 
peak time of two regional droughts (the 2010 western Russia 
summer hot drought and the 2015/2016 South American drought). 

Figure 8 (A) and (B) Reconstruction Scheme evaluations at the peak time of global-
scale detected severe droughts.

The General Introduction of 
XGBoost-based Drought 

Reconstruction
 Tool   XGBoost (eXtreme Gradient Boosting), a 

highly efficient a decision-tree-based ensemble learning 
technique.

  
Target   1) Reconstruct hydroclimatic situations 

at the Drought Peak time using atmosphere dynamic 
variables and 2) quantitatively assess variable 
contributions. 

 
Predictor  the 90-day Standardized Anomalies of 

vertical velocity (OMEGA), relative vorticity (RV), 
and horizontal divergence (DIV) with 27 pressure 
levels from 100─1000hPa. 

 
Predictand standardized anomalies of 

hydrometeorological indices (e.g., SPAI precipitation, 
STI near-surface air temperature, SMsurf_SA surface 
soil moisture and E_SA actual evaporation). 

  
Predictor contributions  measured using Feature 

Importance since each predictor variable is treated as 
one feature. 
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a) Input 3-D matrix of Feature Importance (FI) 

1) For each of 72 variables in a) (e.g., 
500hPa Omega ), Calculate the ratios 
of grid cells with different FI-based 
ranges (e.g., [0.05, 0.1) )  in all the 
grid cells as follow :

2) Repeat step 1) for all the 72 variables, the final 
FI-based results can be obtained as follow:

Note: the 3D FI-based matrix is obtained 
by  reconstruction of a given 
hydrometeorological element (e.g., using 
1980—2020 atmospheric anomalies for 
SPAI-based model construction ) 
regarding one given drought event.

b) Calculate the FI-based ratios of different variables.

Note: The higher Feature Importance reaches, the more predictors contributes to reconstruction.

Figure 7   Illustration of computing Feature Importance 
(FI)–based predictor contributions regarding drought 
reconstruction globally on the interannual variability. 

Drought— Omega dominant, and “All” scheme improve a little compared with “omega-only” scheme

Temp.Ano.— RV dominant, but “All” scheme improve a lot compared with “RV-only” scheme

Figure 8 (C) and (D) Latitudinal evolutions and frequencies of predictor contributions 
based on the “ALL (OMEGA+RV+DIV)” schemes.

Region I (Drought)— low-level anticyclonic/cyclonic anomalies to the north of 40°N.
Region II (Temp.Ano)— Upper-level anticyclonic/cyclonic anomalies to the north of 30°N.
Region III (Temp.Ano)— Upper-level vertical motion between 10°N and 40°S.
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