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Abstract: Based on the daily runoff data from Huangjiagang and Huangzhuang stations, the degree of alteration
of various hydrological indicators in the middle reaches of the Hanjiang River was evaluated using the indicators
of hydrological alteration (IHA) and the range of variability approach (RVA). Principal component analysis
(PCA) was applied to select seven IHA indicators as the most ecologically relevant hydrologic indicators

(ERHIs). The results show that: 1) The overall hydrological alteration at both Huangjiagang and Huangzhuang
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stations is moderate, with alteration degrees of 47.41% and 52.74% , respectively, during 1974 - 2014, which
increased to 54.86% and 63.19% during 2015 - 2023; 2) There is significant correlation among the THA
indicators, highlighting prominent information redundancy and the necessity of dimension reduction and
optimization; 3) Compared with the traditional RV A, the overall hydrological alteration degrees of the ERHISs at
Huangjiagang and Huangzhuang stations show greater variation, which better reflects the changing
characteristics of the hydrological regime under the influence of water conservancy projects; 4) The ERHIs
demonstrate good applicability, effectively reducing the redundancy issue of IHA parameters while retaining key
eco-hydrological indicators, simplifying the assessment process of hydrological regime changes, and providing a
scientific basis for watershed ecological restoration and sustainable development.
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Fig.1 Distribution of water systems and hydrological stations in the study area
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Fig.2 Proportion of IHA indicators with different change grades at Huangjiagang and Huangzhuang stations
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Fig.3 Change degree of IHA indicators at Huangjiagang and Huangzhuang stations
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Fig. 4 Correlations between the IHA indicators at Huangjiagang and Huangzhuang stations
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Fig. 5 Changes of eigenvalues and cumulative contribution rates based on principal component analysis
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Table 2 Factor load of first seven principal components at Huangjiagang and Huangzhuang stations

A B

S

IHA 4§45 PC1 PC2 PC3 PC4 PC5 PC6
Al 0.898 —0.104 —0.077 0.059 0.031 0.079
A2 0.881 —0.131 —0.217 0.076 0.055 0.071
A3 0.745 0.008 —0.345 0.349 0.06 0.066
A4 0.134  0.268 —0.243 0.825 0.033 0.034

A5 —0.169 0.205 0.014  0.831* —0.052 —0.032
A6 0.152  0.007 0.148 0.40  —0.065  0.045
A7 —0.158 0.639 —0.2 —0.023 —0.037 0.135

A8 0.015 0.60  —0.009 —0.129 —0.243 —0.079
A9 0.032  0.718 0.183 0.254 —0.187 —0.081
A10 0.149  0.675 0.444 0.141 0.096 0.016

All 0.203  0.381 0.723 0.022 0.25 —0.041
Al12 0.609  0.174  0.614 —0.039 0.047 —0.054
Bl 0.92 —0.048 0.085 —0.071 —0.008 —0.02
B2 0.952 —0.008 0.113 —0.088  0.02 —0.06
B3 0.956* —0.02 0.121 —0.086 0.033  —0.078
B4 0.954 —0.01 0.125 —0.028 0.035 —0.109
B5 0.929 0.074 0.117 0.097 0.036  —0.091
B6 —0.112  0.909 0.176 0.063 0.134 0.04

B7 —0.067 0.921 0.191 0.061 0.109 0.023

B8 —0.031 0.956*  0.163 0.034 0.009  —0.019
B9 —0.05 0.941 0.134 0.132  —0.11 —0.026
B10 —0.013 0.916 0.092 0.141 —0.143 —0.048
B11 0.595 —0.567 —0.058 —0.271 0.153  —0.037

Cl1 0.137  —0.229 —0.751* 0.125 0.178 0.195
C2 —0.103  0.349 0.545 —0.246 —0.214 0.156
D1 0.527 —0.163 —0.016 —0.278 0.057
D2 —0.13 0.094 —0.465 —0.125 0.099 0.664
D3 0.277 —0.184 —0.158 0.049 0.713  —0.048
D4 0.049 —0.054 —0.042 0.056 —0.806* 0.031
E1 —0.547 0.58 —0.11  0.189 0.28 —0.139
E2 0.234 —0.426 0.054 —0.078 —0.254 0.66
E3 0.588 —0.466 —0.017 —0.351 —0.136 —0.199

PC7 PC1 PC2 PC3 PC4 PC5 PC6 PC7
0.023 —0.044 0.878 0.006  0.231 —0.031 —0.048 0.036
—0.01 —0.063 0.871 0.12 0.339  0.057
—0.025 —0.031 0.768 0.292 0.414 0.045
0.084  0.108  0.253 0.819 0.281 —0.106 —0.08 —0.016
0.117 0.15 —0.12 0.868* —0.093 —0.212 0.125  —0.06
0.769* 0.077  0.272 0.319 —0.011 —0.195 0.619
0.493  0.531 —0.073 0.073  0.312  0.001 0.536
0.531  0.651 0.143 0.104 —0.142 —0.049 0.424 0.119
—0.248 0.74 0.014  0.141 —0.168 0.089 0.048 0.295
—0.118 0.808 0.128 —0.147 —0.083 —0.092 —0.148 —0.093
0.075  0.575  0.162 —0.252 —0.404 —0.227 —0.071 —0.29
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