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Multi-index data dimension reduction approach and
its applicability in the calculation of indicators
of hydrological alteration
Wenhai Zhang, Yangwen Jia, Jinjin Ge, Xiaorong Huang, Guangheng Ni,
Jiaming Hou and Hao Wang

ABSTRACT
The length of record (LOR) method is an evaluation method that provides quantitative advice for the
amount of computational data required for use of the indicators of hydrological alteration (IHA).
The use of multi-index hydrological indicators to reﬂect river hydrological–ecological characteristics
is the essence of the IHA method, while the LOR evaluation result using a single index does not have
practical application value in the absence of IHA data volume. In this paper, we expand the LOR
method from single index version into multi-index version, apply it to comprehensively analyze the
credibility of hydrological alteration (HA) multi-indicators under different data volumes, and explore
the relationship between multi-index LOR results and data requirements. Combined with the
hydrological–ecological relationship, the practical application criteria of LOR dimension reduction
under the condition of multiple HA indicators is given. The results show that the LOR results
corresponding to each group of indicators in IHA have different data requirements, so an in-depth
understanding of the hydrological–ecological relationship is the key to LOR’s application of IHA data
dimension reduction. In addition, we discuss the limitations of the LOR method of multi-index
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INTRODUCTION
Hydrologic regimes play major roles in determining the

regimes indirectly affect ecosystems, riparian systems, and

biotic composition, structure, and function of aquatic, wet-

wetland ecosystems by altering the water temperature,

land, and riparian ecosystems (Richter et al. ). The

oxygen content, water chemistry, and sediment transport.

ﬂow stability and ﬂow rate change create habitat conditions

Therefore, hydrological alterations are widely considered

for all kinds of organisms (Richter et al. ). Extreme

to be the main drivers of biotic and abiotic conditions in

hydrological conditions and the timing of occurrences of

river ecosystems (Poff et al. ; Scarcella et al. ). In

ﬂow determine the integrity of the life cycles of living

other words, the indicators of hydrological alteration

species and the direction of superiority in the survival com-

(IHA) can be used to measure the degree of ecological

petition (Lytle & Poff ). Moreover, the magnitude and

damage (Richter et al. ; Poff et al. ). Among the

duration of the pulse ﬂow affect the success and failure of

many existing methods, the IHA method can be used world-

the breeding process (Lake ). In addition, hydrological

wide. This is because the IHA method uses statistical
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methods, and analyzes the hydrological indicators associ-

To accelerate the globalization of IHA applications,

ated with biological attributes to quantify how much the

scientiﬁcally reliable results are increasingly being shared

ﬂow conditions deviate from natural conditions (Poff &

by developers and users. Many studies have been conducted

Matthews ).

to address the above issues. In earlier studies, some scholars

With the enhanced understanding of hydrological

used mathematical statistical interpolation to compensate

alterations and ecological responses, the IHA evaluation

for the missing data. Khalil et al. () used a simple interp-

has rapidly changed from an ecological impact assessment

olation

of a single river hydrological alteration (HA) to the ecologi-

correlation analysis) to satisfy some data-ﬁlling require-

cal impact assessment of the river network. Increasingly,

ments. Wang et al. () used the regression relationship

smaller watersheds are gradually becoming the object of

between adjacent hydrological stations in the Tarim River

IHA evaluation, leading scientiﬁc researchers to increase

Basin in China to compensate for the missing data. All

method

(such

as average interpolation

and

their data volume demand. That is, scientists and scholars

interpolated ﬂow time series that satisﬁed homogeneity

using the IHA evaluation method will face the problem of

were evaluated by the penalized maximal F-(PMF) uniform-

‘missing data’ in the future (Carlisle et al. ). In some

ity test. Harvey et al. () evaluated 15 simple ﬁlling

developed countries, almost complete scientiﬁc-data-sharing

techniques, including regression, scaling, and equidistance

management mechanisms have been implemented. For

methods, and found that ﬂow data can improve the accuracy

example, the ofﬁcial website of the United States Geological

of ﬁlling data by performing seasonal grouping or modifying

Survey (USGS) fully discloses long-sequence daily ﬂow data,

data sets to improve homogeneity. However, in many cases,

from which it is relatively easy to obtain basic ﬂow data

the relationship between predictors is not a true linear

(Isaacson & Coonrod ; Afshari et al. ). However,

relationship (Govindaraju & Rao ; Yang et al. ).

owing to monitoring equipment failures and the impacts of

The artiﬁcial neural network (ANN) technique has

natural phenomena, such as earthquakes, ﬂoods, or land-

gradually replaced the data-ﬁlling method of hypothetical

slides, and data transmission issues, a lack of data from

variables (simple linear, nonlinear, etc.) by representing

the storage and retrieval process is inevitable (Makhuvha

the nonlinear mapping between variables (French et al.

et al. ; Panu et al. ).

). Khalil et al. () applied the concept of a population

In some developing countries, the problem of missing

and ANN to compensate for the peak ﬂow and medium ﬂow

data has become further complicated. For example, the

of missing data, and proved that it is reasonable to ﬁll gaps

rate at which new hydrological monitoring stations are

in river ﬂow data based on the neural network concept and

being constructed is not sufﬁcient to meet the increasing

group value data method. Ilunga & Stephenson () used

data needs of scientists and scholars (Eng et al. ;

three different back propagation neural network learning

Harrigan et al. ). Moreover, the relations among neigh-

methods to complete the missing data, and veriﬁed the

boring countries have been strained for a long time, and

difference in accuracy between them and the observed data.

cross-border river hydrology data have strict national conﬁ-

Meanwhile, as researchers strive to improve the accu-

dentiality. Even in non-state-conﬁned inland rivers, there are

racy of data, the combination of basic mathematical

scattered years of hydrological data that have not occurred

statistical interpolation methods and hydrological feature

in the entire publication. When applying IHA calculations,

conditions is gradually being applied to data ﬁlling. Poff

users usually arbitrarily deﬁne the amount of data to be

et al. () and Kennard et al. () and others used the

used according to their own subjective understanding, or

method of river classiﬁcation and grading of characteristics

ignore IHA calculation data limits. Two major bottlenecks

similar to ﬂow rates to establish the baseline conditions for

in the application of IHA thus exist (Giustarini et al. ).

the ﬂow. The hydrological index was used to effectively

On one hand, the results of the IHA evaluation based on

compensate for the amount of data in non-hydrological

inadequate hydrological data will be seriously questioned.

stations and to solve the problem of missing IHA data.

On the other hand, no IHA evaluation can be performed

Hughes & Smakhtin () supplemented the missing data

at any time in a basin where any data are missing.

for six sets of catchment areas in southern Africa based on
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the use of 1-day ﬂow duration curves for each month of the

types of implicit data. Such data can greatly increase the

year. The approach assumes that ﬂows that simultaneously

initial workloads of IHA applications.

occur at sites in reasonably close proximity to each other

To solve the current bottleneck, Timpe & Kaplan ()

correspond to similar percentage points on their respective

proposed the concept of the length of record (LOR) method.

duration curves. Mobley et al. () used the simple drai-

LOR gives the reliability of the IHA calculated by the exist-

nage area ratio (DAR) method to ﬁll the data based on the

ing data volume through statistical methods, thereby

assumption that the observed and simulated watersheds

avoiding collecting too much unnecessary data. Under the

had the same physical characteristics. It was proved that

assumption of similar area, altitude, and ﬂow, it considers

the results of the DAR comparison method could well rep-

that the reliability calculated by LOR can reﬂect the IHA

resent extremely low-ﬂow conditions. However, these

calculation data demand within a speciﬁc geographical

methods still lack practical physical meaning, and their

range around a given region. This method requires no

data accuracy is relatively low.
Other scholars compensated for the missing data

addition to the data volume and simpliﬁes the data processing

workload

for

calculating

IHA,

such

as

data

through the daily average runoff simulation results by hydro-

interpolation or hydrological models. At the same time,

logical models. The general hydrological model uses

the credibility of the existing data is engendered by the ﬂuc-

relatively simple mathematical equations to describe the

tuation range and conﬁdence interval of the average value in

highly correlated processes of water, energy, and vegetation

the IHA results, which reduces the data dimension. How-

in complex spatial distributions in the watershed (Vrugt

ever, in that study (Timpe & Kaplan ), only the 1-day-

et al. ). The hydrological model with clear physical

max indicator in the IHA was used for the example of the

meaning greatly improves the accuracy of data ﬁlling.

dimensionality evaluation. The corresponding LOR dimen-

Shrestha used the distributed variable inﬁltration capacity

sionality reduction effects of the 33 indicators in the IHA

(VIC), a distributed hydrological model, to simulate the

have not yet been fully elucidated. Further explanations

1991–2000 long-sequence ﬂow of the Fraser River in British

are needed for the data volume selection and the LOR

Columbia, Canada. It was found that the VIC model could

dimension reduction application method under the IHA

simulate the annual ﬂow of the IHA index, the median

multi-indicator.

ﬂow rate, the seasonal change of ﬂow rate, and the annual

So far, LOR is the only evaluation method that gives a

minimum ﬂow rate. However, uncertainties remained in

clear estimate of the amount of data required for IHA calcu-

the monthly average ﬂow, pulse ﬂow, and frequency indi-

lations through mathematical statistics, as a single indicator

cators (Shrestha et al. ). Ryo et al. () used the

cannot comprehensively reﬂect changes in river hydrologi-

distributed hydrological model (DHM) to produce similar

cal characteristics, and, in the case of identical amounts of

conclusions with respect to the Sagami River basin in Japan.

data, there may be differences in the sizes of LOR results

To increase the ability of the model to portray extreme

for different IHA indicators. Therefore, the LOR result of

hydrological events, Kusangaya et al. () used downscaled

a single indicator cannot provide substantial help for the

general circulation model (GCM) data and historical climate

IHA method application in the choice of data volume. In

data, respectively, in hydrological models to compare the

order to overcome this shortcoming, we attempted to ana-

results. It was found that GCM data results perform poorly

lyze the LOR results of all IHA indicators and discover the

when simulating extremely high and low ﬂows. However,

mechanism of inﬂuence between the hydrological data struc-

IHA features can be more accurately described if the climatic

ture and the LOR evaluation results. On the basis of fully

data are downscaled at ﬁner spatial scales and with adequate

understanding the LOR evaluation results of different IHA

spatial detail. Nevertheless, in the establishment of hydrologi-

indicators, the applicability scope of the LOR method in

cal models, natural geospatial characteristics, such as

IHA multi-index applications is proposed to prove the impor-

precipitation, canopy interception, evaporation, seepage,

tance of this method in dimension reduction application. The

and groundwater ﬂow, must be used (Engeland et al. ;

research results can provide effective suggestions for data

Todini ; Jin et al. ). These characteristics are actually

volume selection in eco-hydrological evaluation.

Downloaded from https://iwaponline.com/hr/article-pdf/doi/10.2166/nh.2018.068/495109/nh2018068.pdf
by guest

Corrected Proof
4

W. Zhang et al.

|

Multi-index data dimension reduction approach and applicability in IHA

Hydrology Research

|

in press

|

2018

ﬂow data. Richter et al. () analyzed three rivers with

MATERIALS AND METHODS

different hydrological conditions and considered that the
ﬂow data at the time of calculating IHA would take at

Study area and data

least 20 years. However, no one has conducted further
The Jinsha River is in the upper reaches of the Yangtze River,

research on the reliability of data required by IHA. Given

China’s largest river, with a total length of 3,481 km and a

this uncertainty, we modify the deﬁnition of data volume

2

total drainage area of 572,300 km . The runoff and rainfall

requirements in IHA data analysis by Richter. The number

in the Jinsha River are concentrated in the ﬂood season

of years corresponding to the evaluation result of LOR is

from June to October, and the runoff from July to September

used as the lower limit of data volume demand calculated

accounts for about 55% of the entire year. The impact of

by IHA, and is applied to the demand limit of IHA calcu-

human activities in the basin was relatively late. After 2005,

lation data volume in similar hydro-geographic spatial

in the mainstream of the Jinsha River, hydropower stations

feature areas (Hughes & Smakhtin ).

began to be built. The Panzhihua hydrological station is

The numerator and denominator in the LOR results are

located at the last station of the mainstream of the middle

normalized statistics representing conﬁdence level and con-

reaches of the Jinsha River and was built in 1965. The daily

ﬁdence interval, respectively. First, the LOR data calculation

hydrologic data from 1976 to 2015 used in the article was pro-

selects the ﬂow station with the least anthropogenic impact

vided by the Hydrology Yearbook of the Ministry of Water

and longest record lengths in the desired evaluation area.

Resources of the People’s Republic of China. Panzhihua

Then, we determine the IHA indicator that provides the

hydrological station was chosen because the interannual

LOR calculation reference. Next, we calculate the target

runoff is stable and has complete daily runoff data, which is

indicator for each year in a data set along with the long-

beneﬁcial to the LOR method calculation.

term mean for this indicator. The reference indicator’s
long-term average values are randomly ordered and grouped

IHA method
The IHA method is an open-source interface model developed by the Nature Conservancy (). It uses daily
average ﬂow data and calculates 33 indicators closely
related to ecological attributes (Richter et al. ), as
shown in Table 1. The 33 indices generated by IHA consist
of ﬁve major categories: (1) magnitude of monthly water
conditions; (2) magnitude and duration of annual extreme
water conditions; (3) timing of annual extreme conditions;
(4) frequency and duration of high and low pulses; and (5)
rate and frequency of condition changes (Magilligan &
Nislow ). Among them, the characteristics of extreme
events are more related to the indicators in Groups 3 and
4, and the average characteristics of trafﬁc are more closely
correlated with Group 1 and Group 5 indicators.

into record-length increments ranging from two years to the
full LOR. Finally, the mean of each record length increment
is calculated for a comparison with the long-term mean. This
process is repeated 50,000 times, from which 95%, 90%, and
85% conﬁdence intervals are calculated. Using these statistics, we calculate the LOR required to produce a
speciﬁed conﬁdence level for a given long-term mean conﬁdence interval for the river in the study (Table 2).
In this study, we examine as a calculation example the
hydrological ﬂow of the Panzhihua hydrological station in
the middle areas of the Jinsha River in China from 1976 to
2015. Using the 1-day maximum index as a reference, the
40-year LOR evaluation results at this station are shown in
Figure 1. The data volume required to characterize the
annual maximum ﬂow within 10% of the long-term mean
with 85% conﬁdence is ten years, and the LOR result is
abbreviated as 10/85. Figure 1 illustrates this example,
with dashed vertical lines indicating the data volume

LOR analysis

required for a desired calculation output at the intersection
of a dashed horizontal line, representing a given conﬁdence

The characterization of natural and altered ﬂow regimes

level, and a normal curve, representing a given conﬁdence

using IHA or other statistical methods requires adequate

interval (as CI in Figure 1). Therefore, the LOR method
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Hydrologic parameters used in the indicators of hydrological alteration (IHA) and their grouping deﬁnition and abbreviation. Adapted from IHA Manual (Nilsson & Berggren 2000)

IHA statistics group

Hydrologic parameters

Abbreviated name

Group 1: Magnitude of
monthly water conditions
(12 indices)

Mean value for January
Mean value for February
Mean value for March
Mean value for April
Mean value for May
Mean value for June
Mean value for July
Mean value for August
Mean value for September
Mean value for October
Mean value for October
Mean value for December

January
February
March
April
May
June
July
August
September
October
October
December

Group 2: Magnitude and
duration of annual extreme
water conditions
(12 indices)

Annual minima 1-day means
Annual minima 3-day means
Annual minima 7-day means
Annual minima 30-day means
Annual minima 90-day means
Annual maxima 1-day means
Annual maxima 3-day means
Annual maxima 7-day means
Annual maxima 30-day means
Annual maxima 90-day means
Base ﬂow index
Number of zero ﬂow days

1-day min
3-day min
7-day min
30-day min
90-day min
1-day max
3-day max
7-day max
30-day max
90-day max
Base ﬂow
Zero ﬂow days

Group 3: Timing of annual
extreme water conditions
(2 indices)

Julian date of each annual,1-day maximum
Julian date of each annual,1-day minimum

Date min
Date max

Group 4: Frequency and
duration of high and low
pulses (4 indices)

Number of low pulses within each water year
Mean or median duration of low pulses (days)
Number of high pulses within each water year
Mean or median duration of high pulses (days)

Lo pulse #
Lo pulse L
Hi pulse #
Hi pulse L

Group 5: Rate and frequency
of water condition changes
(3 indices)

Rise rates: Mean or median of all positive differences between consecutive daily values
Rise rates: Mean or median of all negative differences between consecutive daily values
Number of hydrologic reversals

Rise rate
Fall rate
Reversals

can be deemed an effective method for reducing data by

is observed that the amount of data required to produce a

giving the degree of reliability of the IHA result in the

conﬁdence level at 10% of the average ﬂow is two or three

absence of the data amount.

times the amount of data required to produce a conﬁdence
level at 5% of the average ﬂow for the same CI in Group 1
and Group 2. For example, the amount of data required to

RESULTS AND DISCUSSION

produce a 5/95 LOR result for the January indicator is
three times the amount required for a 10/95 LOR result.

Analysis of LOR evaluation results and inﬂuencing

Likewise, more than twice as many years are required for

factors of IHA indicators

a 5/90 LOR result relative to a 10/90 LOR result for an indicator of the 7-day maximum. In addition, the amount of data

The LOR dimensionality reduction results of the IHA hydro-

required to produce a given LOR result to sustain N-day max

logical ﬂow outcomes over the past 40 years in the Jinsha

in Group 2 is almost twice the amount of data required to

River Panzhihua hydrological site are shown in Table 2. It

sustain N-day min. The date min indicator in Group 3 has
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Length of record (LOR) results for each HA’s indicator

a higher data volume requirement (nearly 40 years) to pro-

LOR result for the reversals indicator is relatively low, as

duce a given LOR conﬁdence, while the date max

the amount of data required for other indicators is signiﬁ-

indicator shows a lower data volume requirement (less

cantly higher (nearly 40 years).

than ten years) to produce a given LOR conﬁdence.

The amount of data required to produce a given LOR

Although the two indicators are in the same group, there

result for each indicator of HA showed a positive correlation

is a signiﬁcant difference in the amount of data required

with the size of the ﬂow during the year. According to the

for the same LOR result conﬁdence. In Group 4 and

average monthly ﬂow rate of Panzhihua station, the ﬂood

Group 5, the amount of data required to produce a given

season is concentrated from June to October, and ﬂoods
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On the other hand, regardless of the level of LOR credibility, the data volume requirements for the indicators in
Group 3, Group 4, and Group 5 remain relatively high
value, which may be related to the uncertainty of the component parameter attributes. The ﬁnding also indicates
that fewer years cannot guarantee the reliability of the
IHA results.
Data variability affects the amount of data reﬂected by
LOR
Figure 1

|

One-day maximum LOR dimensionality reduction results.

The coefﬁcient of variation of the hydrological ﬂow data and
are more frequent from July to September. The indicators in

the size of the mutation intensity will have an impact on the

Group 1 of the IHA can reﬂect the ﬂow change during the

amount of data reﬂected by the LOR. The LOR correspond-

year. We can observe from Figure 2 that the greater the

ing to IHA has its own variation characteristics. The

monthly average ﬂow, the greater the amount of data that

coefﬁcient of variation for the long series of data for each

is required to produce a given LOR result. For example, in

indicator of IHA is shown in the coefﬁcient of variation

the ﬂood season in August, the data volume required to pro-

column in Table 3, and the mutation intensity for the long

duce a 10/95 LOR result will take 20 years; in the dry season

series of data is shown in the mutation intensity column.

in March, the data volume required to produce a 10/95 LOR

We

result will only take four years.

reﬂects the deviation intensity of the most catastrophic

deﬁne

Mutation

intensity ¼ Max/Average,

which

The amount of data required to produce a given LOR

point. In this paper, the value of Mutation intensity >1.7

result for each indicator in Group 2 has a consistent

(Dimensionless) is used as the boundary of mutation

relationship with the ﬂow rate during the wet and dry sea-

points. In comparing the coefﬁcient of variation of IHA

sons. Because the N-day maximum appears in the ﬂood

for each group of indicators in Table 3, and combining

season, the N-day minimum appears in the dry season,

them with data volumes reﬂected by the LOR results in

and 70% of the water in the whole year appears in the wet

Table 2, we ﬁnd that the larger the coefﬁcient of variation,

season (Proctor et al. ). Therefore, it is also stated that

the greater the number of years that is required for evalu-

the larger the ﬂow rate, the larger the amount of data is

ation of the LOR results.

required to produce a given LOR result in IHA.

In particular, the coefﬁcient of variation of the date
minimum, Lo pulse #, Lo pulse L, and Hi pulse L in the
IHA exceeds 0.8, and the amount of data at each LOR credibility level exceeds 30 years. On the other hand, even if there
are differences in the variability of the two indicators in the
same group, the data volume results of the date minimum
and date maximum indicators in Group 3 are 38 years and
two years, respectively, for the 10/85 LOR result.
The mutation intensity results are shown in the mutation
intensity column in Table 3. By comparing the LOR results
of Tables 2 and 3, we can observe that the higher the intensity of the mutation, the greater the amount of data that is
required to produce a given LOR result. For example, the

Figure 2

|

Correlation between data volume (years) and the monthly average discharge
at each LOR result.
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Data variability characteristics of IHA indicators

IHA statistics group

Indicators

Coefﬁcient of variation

Mutation intensity

The number of
abnormal points

Group 1: Magnitude of monthly water
conditions (12 indices)

January
February
March
April
May
June
July
August
September
October
November
December

0.127
0.111
0.108
0.151
0.212
0.253
0.252
0.334
0.257
0.213
0.190
0.150

1.218
1.192
1.211
1.600
1.436
1.573
1.570
1.861
1.662
1.614
1.370
1.278

0
0
0
0
0
0
0
1
0
0
0
0

Group 2: Magnitude and duration of
annual extreme water conditions
(12 indices)

1-day min
3-day min
7-day min
30-day min
90-day min
1-day max
3-day max
7-day max
30-day max
90-day max
Base ﬂow
zero ﬂow days

0.121
0.110
0.106
0.104
0.109
0.261
0.262
0.263
0.255
0.218
None
0.166

1.214
1.197
1.191
1.172
1.222
1.675
1.647
1.626
1.566
1.532
None
1.468

0
0
0
0
0
0
0
0
0
0
None
0

Group 3: Timing of annual extreme
water conditions (2 indices)

Date min
Date max

0.870
0.101

4.040
1.171

3
0

Group 4: Frequency and duration of
high and low pulses (4 indices)

Lo pulse #
Lo pulse L
Hi pulse #
Hi pulse L

0.872
0.933
0.537
0.800

4.356
2.750
2.667
3.291

7
8
4
4

Group 5: Rate and frequency of water
condition changes (3 indices)

Rise rate
Fall rate
Reversals

0.331
0.516
0.305

1.759
2.996
2.026

2
4
3

volume required to produce a given LOR result for Group 4

the removal of the mutation point in Figure 3. Take the

is ten years more that of Group 1.

data volume at 5/95 LOR credibility as an example; after

After removing these high intensity points, the amount

removing these mutation points, the amount of data will

of data required to produce a given LOR result among the
33 indicators in IHA was reduced by varying degrees. We
deﬁne Drf as the amount of data required after the removal
of the mutation point, Taf as the total amount of data after
the removal of the mutation point, Dta as the amount of
data required before the removal of the mutation point,
and Tab as the total amount of data before the removal
of the mutation point, The y-axis percentage value in the
ﬁgure indicates Drf/Taf – Dtb/Tab, and reﬂects the
degree of change in the amount of data before and after
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be signiﬁcantly reduced for some indicators in Figure 3.

use the maximum amount of data available as the lower

For example, although the LOR dimensionality reduction

limit of the data volume when producing a given LOR

effect after removal of the mutation point improves by

result, as the maximum amount required varies among

30.83%, fall rate still requires 24 years of long-sequence

the 33 indicators in IHA. Instead, we should focus on the

data. However, the effects of Lo pulse #, Hi pulse #, and

hydrological–ecological response that we must evaluate.

the Rise rate indicator reduction of data volume are not

If the maximum amount of data required to produce a

signiﬁcant. This means that Lo pulse #, Hi pulse #, and

given LOR result among all the indicators in IHA that

the Rise rate indicators do not signiﬁcantly improve the

affect the key hydrological indicators of the biological life

dimensionality reduction effect. This ﬁnding shows that,

history process as the amount of IHA data, then IHA

for these indicators, the removal of the mutation point

data dimensionality reduction will no longer be difﬁcult.

does not further improve the data demand lower limit. In

The

other words, the LOR evaluation itself has a lower limit

reduction can achieve wide recognition for the reliability

value, and it is not possible to use just a few years of

of IHA evaluation results in the absence of data, because

ﬂow data to make the IHA calculation result extremely

such data volume evaluation results are not only the

reliable.

evaluation of applied mathematical statistics, but also

In addition, for the September index, Lo pulse L showed
a slight decrease in the amount of data required to produce a

application

of

multi-indicator

LOR

dimension

carry sufﬁcient hydrological, ecological, and physical
signiﬁcance.

given LOR result after removing the mutation point. This

According to the ecological–hydrological response

result does not mean that the LOR dimensionality reduction

relationships that must be analyzed by IHA, we review the

effect of the two indicators has a signiﬁcant downward trend

relevant literature and summarize a series of results

after the mutation point removal. It is worth mentioning

obtained through experiments and observations (Barbour

that, when performing LOR calculations, it is necessary to

et al. ; Greig et al. ; Turkoglu ; Murgulet et al.

properly remove the abnormal mutation points, and the

; Mwedzi et al. ; Xia et al. ). Additionally, we

results after the elimination of errors can become a truly

propose the LOR dimensionality reduction reference indi-

practical reference. However, some physical meanings

cators with ecological and hydrological signiﬁcance, as

must be considered when removing the mutation points.

shown in Table 4. Some ecological and hydrological

For example, after a dam is built, the frequency of rising

relationships are obviously only closely related to the

tides will signiﬁcantly increase. Therefore, at this time,

indicators in a certain group. For example, if water tempera-

LOR calculations should retain these mutation points.

ture, sediment transport, and animal shelter area are related
to Group 1, then all indicators in Group 1, or several of

Ecological standard for multi-index LOR dimension
reduction evaluation application

them, can be used as reference indicators for LOR. Such
reference indicators are recorded as Key in Table 4.
Taking the water temperature at Panzhihua station as an

The amount of data required to produce a given LOR result

example, even the data volume required to produce a

differs between the 33 indicators in IHA. Therefore, when

highly conﬁdent 5/90 LOR result can be reduced by 25%.

the maximum volume of all 33 indicators is selected as the

Some ecological–hydrological relationships may have a

standard data amount for better LOR results, the required

greater relationship with individual indicators in two or

data volume is still close to the total amount of data,

three groups. For example, changes in the invertebrate com-

which has no practical signiﬁcance. In fact, the maximum

munity are importantly associated with Groups 3 and 4,

amount of data required to produce a 5/95 LOR result

while changes in the aquatic plant community are associ-

using all 33 indicators in IHA is 39 years, only reducing

ated with Groups 2, 4, and 5 in IHA. The amount of data

the amount by one year. Even producing a lower 10/85

reﬂected by the LOR results of these indicators can then

LOR result using all 33 indicators in IHA, the amount of

be collectively used as data constraints, and are recorded

data required is 35 years. However, it is not necessary to

as Key in Table 4.
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Referential ecological standard under multi-indicator LOR dimension reduction application

Group 1: Magnitude
of monthly water

Group 2: Magnitude
and duration of annual

Group 3: Timing
of annual extreme

Group 4: Frequency
and duration of

Group 5: Rate and
frequency of water

conditions

extreme water conditions

water conditions

high and low pulses

condition changes

No.

Factors or Situation

(12 indices)

(12 indices)

(2 indices)

(4 indices)

(3 indices)

1

Temperature

Key

2

Nutrients change

3

Dissolved oxygen

Key

4

Sediment transport

Key

5

Invertebrates

6

Zooplankton

7

Aquatic plants

8

Diffusion of pollutants

9

Shelter area

10

Drought resistance

Key

Key

Key

Key

Key
Key

Key

Key

Key
Key
Key

Study limitations and application

Key

When using the IHA method to evaluate the ecological–
hydrological relationship of a particular ﬁsh habitat, the

This study has several limitations. We generally believe that

reference indicators for ecologically signiﬁcant LOR data

changes in the average volume of the ﬂow become the driv-

reduction will vary across ﬁsh species. In the Yunnan

ing force affecting the habitat, and that the reliability

region of China (Pan et al. ), owing to hydropower devel-

parameter value calculated by the LOR is based on the

opment and construction, ﬁsh reproduction mainly depends

data sample mean as the evaluation criterion. In the case

on proliferation and release. Therefore, the indices of

of identical amounts of data, the LOR result of the reference

Groups 3, 4, and 5, which are closely related to the breeding

indicator of the data variation amplitude equalization fea-

season, are not used as the main reference for LOR. In the

ture will have higher credibility. Therefore, we also need

United States, Missouri (Westhoff et al. ) temperature

to further understand the hydrological indicators, so that

mainly affects the life history of the smallmouth bass, and

the LOR ﬁtting results curve reﬂects a close ecological

Group 1 will be more reasonable as a reference index for

response relationship.

LOR dimensionality reduction calculation. Therefore, differ-

In addition, the inﬂuencing factors of LOR results are

ent organisms in different regions have different key

obviously positively correlated with the ﬂow. This is because

inﬂuencing factors and are subject to human inﬂuences

Panzhihua station, used in this paper, is located in a high-

(Paus et al. ). Our future workload should thus be

altitude area where human activity is relatively low, with

placed on strengthening the statistics of key biological inﬂu-

continuous daily ﬂow and relatively long data record

encing factors. Table 4 presents only general statistics of

length (>40 years). However, if it is replaced by other

some of the dimensionality reduction criteria; the presen-

regions, or is impacted by other factors such as the relatively

tation is not yet perfect. The LOR method will achieve its

large impact of human activities, lower elevations of hydro-

practical value only by means of a large number of statistics

logical stations, or a larger watershed area, the correlation

and experiments, which are used to continuously sup-

between LOR results and monthly average ﬂow will require

plement and improve the priorities of key hydrological

more hydrological sample data to justify.

indicators for important periods of various organisms. This

Nonetheless, the rational application of the LOR dimen-

practical value will be achieved by reﬁning the detailed list

sion reduction method does not mean that the workload of

of biological species, geographic characteristics, and data

data statistics and collection can be reduced in future work.

reduction criteria as much as possible, after which the
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multi-index LOR dimension reduction method will achieve
its due value.

CONCLUSIONS
In this paper, we discuss in detail the results of multi-indicator evaluation of the LOR method and its application in
data reduction of IHA calculations. Through the LOR
reliability analysis of all the indicators in IHA, we found
that the amounts of data required to produce a given LOR
result are signiﬁcantly different among the 33 indicators in
IHA, and that the amount of data required has a consistent
relationship with the size of average monthly ﬂow and the
variability of hydrological data. If the selection of data
used is arbitrary when producing LOR results using the indicators in IHA, there will be no scientiﬁc basis or no actual
data dimensionality reduction effect. By determining the
objects of IHA analysis, the various key hydrological indicators affecting the target biological activities are used as
reference indicators for LOR, and the multi-indicator LOR
evaluation results achieve the practicality of IHA data
dimensionality reduction. Continuous improvement of the
relationship between biological activities and key hydrological indicators will become the development basis and future
research direction of multi-index LOR data reduction.
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