
AI translation ・View original & related papers at
chinarxiv.org/items/chinaxiv-201811.00075

Postprint: Verification of High-Resolution Pre-
cipitation Forecasts for Ankang Hydropower Sta-
tion
Authors: Gao Hongyan, Qiuyi Xi, Wang Dan

Date: 2018-11-13T00:00:00+00:00

Abstract
The development of high-resolution numerical precipitation forecast models con-
stitutes the ideal approach for conducting refined precipitation forecasting oper-
ations, while error evaluation in model localization represents a critical compo-
nent for current operational applications. In this context, this paper employs er-
ror analysis, clear/rainy forecast accuracy, and precipitation Threat Score (TS)
methods to evaluate the precipitation forecasts for Ankang Hydropower Station
provided by the Shaanxi High-Resolution Numerical Forecast Research Team
from May 1 to September 30, 2016. Results indicate that as the forecast lead
time increases, precipitation forecast accuracy demonstrates a decreasing trend;
heavy rain and above precipitation events are forecasted well without missed
events, though the magnitudes differ from observations, with predicted values
being lower than observed values; forecasts initialized at 20:00 exhibit higher
accuracy than those initialized at 08:00, and nighttime accuracy is higher than
daytime accuracy; months with more rainy days exhibit higher TS score forecast
accuracy than months with fewer rainy days. Comparison of results between
Ankang and Shiquan reveals that Ankang’s forecast accuracy is significantly
better than Shiquan’s, mainly because Ankang has more rainy days than Shi-
quan and fewer heavy precipitation events than Shiquan. Hourly and 3-hourly
precipitation forecasts within 72 h can serve as a valuable reference for water
resource dispatch at Ankang Hydropower Plant.
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This study evaluates refined precipitation forecasting services using high-
resolution numerical models, focusing on bias correction as a critical component
of operational applications. The evaluation was conducted for the 2016 flood
season (May 1–September 30) at Shiquan and Ankang hydropower stations in
Shaanxi Province, using forecast products from the Shaanxi Refined Numerical
Forecasting Team. The analysis employs bias analysis, clear-rain forecast
accuracy assessment, and precipitation TS (Threat Score) scoring methods.
Key findings indicate that forecast accuracy declines with increasing lead
time, while heavy rain predictions show high detection rates but systematic
underestimation. Forecasts initialized at 20:00 UTC demonstrate superior
performance compared to 08:00 UTC initializations, with nocturnal forecast
accuracy exceeding daytime performance. Monthly accuracy rates correlate
positively with rainfall frequency, and Ankang station exhibits better overall
performance than Shiquan due to its higher number of precipitation days and
amounts. Hourly and 3-hourly precipitation forecasts within 72 hours provide
valuable reference information for water dispatching operations at Ankang
Hydropower Station.
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2. Data and Methods
2.1 Data Collection and Processing

The forecast dataset consists of refined numerical precipitation products from
the Shaanxi Refined Numerical Forecasting Team for the period May 1–Septem-
ber 30, 2016. Observational data were obtained from automatic weather stations
at Shiquan and Ankang stations. The evaluation focuses on three key metrics:
TS (Threat Score), empty forecast rate, and false forecast rate, calculated for
various precipitation thresholds including 0.1 mm and 5–9 mm accumulations.

The forecast cycle includes 1-hour, 3-hour, and 72-hour accumulated precipi-
tation predictions initialized at both 08:00 and 20:00 UTC. Verification was
performed against station observations with temporal resolutions of 1-hour, 3-
hour, and 24-hour accumulations. Spatial interpolation from the model grid to
station locations was conducted using a bilinear interpolation method.

The TS scoring formula is defined as:

TS = 𝑁𝐴
𝑁𝐴 + 𝑁𝐵 + 𝑁𝐶

where 𝑁𝐴 represents hits, 𝑁𝐵 represents false alarms, 𝑁𝐶 represents misses,
and 𝑁𝐷 represents correct negatives for precipitation events exceeding specified
thresholds.
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The evaluation framework assesses forecast performance across different precip-
itation intensities, with particular attention to the 5–9 mm threshold that is op-
erationally significant for hydropower management. The dynamic cross-optimal
elements forecast (DCOEF) methodology is employed for bias correction, incor-
porating 08:00 and 20:00 initialization cycles with 3-hour update frequency.

2.2 Verification Methodology

The verification procedure follows standard practices for quantitative precipita-
tion forecast evaluation. For each forecast lead time, contingency tables were
constructed to compute the TS score, bias ratio, and frequency of empty and
false forecasts. The analysis distinguishes between daytime (08:00–20:00) and
nighttime (20:00–08:00) forecast performance, as well as between the two initial-
ization cycles.

Special attention was given to heavy precipitation events ($�$10 mm/hour),
where the model demonstrates particular skill in detection but exhibits a nega-
tive bias in intensity prediction. The 72-hour forecast horizon was discretized
into hourly and 3-hourly intervals to assess temporal degradation of forecast
skill.

3. Results and Analysis
The evaluation results demonstrate a systematic decline in forecast accuracy
with increasing lead time, consistent with numerical weather prediction theory.
For heavy precipitation events, the model achieves high detection probability
(low miss rate) but consistently underestimates observed rainfall amounts, par-
ticularly for convective events during the 5–9 month period.

Forecasts initialized at 20:00 UTC exhibit statistically significant improvement
over 08:00 UTC initializations across all lead times and precipitation thresholds.
This diurnal variation in forecast skill is attributed to better representation of
nocturnal stable boundary layer processes and reduced convective parameter-
ization uncertainty during nighttime hours. Consequently, nocturnal forecast
periods (20:00–08:00) show higher accuracy rates than daytime periods.

Inter-station comparison reveals that Ankang station outperforms Shiquan sta-
tion in all verification metrics. This performance differential is primarily ex-
plained by the higher frequency and larger accumulated amounts of precipitation
at Ankang (412 mm seasonal total versus 214 mm at Shiquan), which provides
more robust statistical sampling for verification and better supports the model’
s climatological calibration.

The hourly and 3-hourly precipitation forecasts within the 72-hour horizon
demonstrate sufficient accuracy to support operational water dispatching de-
cisions at Ankang Hydropower Station. The TS scores for 1-hour and 3-hour
accumulations remain above operational thresholds through 48–54 hours for
20:00 initializations and 36–42 hours for 08:00 initializations.
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[Figure 4: see original paper] shows the hourly TS scores, empty forecast rates,
and false forecast rates for the 72-hour forecasts at both stations, while [Figure
5: see original paper] presents the corresponding 3-hourly verification statis-
tics. The temporal evolution of these metrics clearly illustrates the lead-time
dependency of forecast skill and the superiority of the 20:00 initialization cycle.

Key operational recommendations include: (1) prioritizing 20:00 UTC initializa-
tions for critical water management decisions, (2) applying bias correction fac-
tors specifically calibrated for daytime convective periods, and (3) implementing
ensemble-based post-processing to reduce the intensity underestimation bias for
heavy precipitation events.
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