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Abstract: Radar Quantitative Precipitation Estimation (QPE) is a key component of short-term 

and nowcasting, which plays an important role in many aspects such as Quantitative Precipitation 

Forecast (QPF), heavy precipitation warning, urban waterlog, geological mountain torrent disaster, 

and fine weather service. In this paper, spatial distribution characteristics of radar QPE over 

Beijing-Tianjin-Hebei region is analyzed using the radar QPE data and automatic weather station 

1h precipitation data during summer for period of 2011-2016. Specifically, a new kind of 

climatological correction algorithm is proposed. Results show that the radar QPE can well reflect 

the northeast to southwest distribution of observed total rainfall. However, the radar QPE is 

under-estimated over the northwest, the northeast and southwest mountain areas, and 

over-estimated over the piedmont zone of the northeast mountain area. Besides, false precipitation 

estimation is found over the northwest region of Beijing-Tianjin-Hebei region. Precipitation over 

the Beijing city estimated by radar is the closest to observation. Then, the new proposed 

climatological correction algorithm is applied for the 1h radar QPE to calibrate the radar. Results 

of test show that the BIAS, mean absolute error (MAE), root mean square error (RMSE) and 

relative RMSE (RRMSE) are all reduced after correction. In particular, the reduction percentage 

of BIAS reaches more than 50% at most stations. The reduction percentage of MAE, RMSE and 

RRMSE is about 20% in the eastern and southern plain parts, and is relatively small in the 

northern and southwestern parts. Test of precipitation cases shows that the strength of radar QPE 

is closer to the station observations and the high-resolution structure of precipitation is still 

captured by radar after correction. Furthermore, the BIAS, MAE and RMSE of precipitation cases 
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are all reduced, and the correlation coefficient with the observations is increased. Hence, the 

climatological correction algorithm can improve the accuracy of the radar QPE. The correction 

algorithm is of high popularization value and can be widely used in other areas. 

Key words Radar quantitative precipitation estimation (QPE), Error, Climatological correction, 

Beijing-Tianjin-Hebei region 
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1֤̔ ῟ № ̂ ᵝ̔ ̃Ȃ ⅞№ Ărea1ȁArea2ȁArea3ȁArea4ȁ

Area5№≢ף ֤ ȁ ȁқ ȁ  

Figure 1. Distribution of topography height (unit: meter) over the Beijing-Tianjin-Hebei region. White dashed lines 

indicate five different sub-regions. Area1ȁArea2ȁArea3ȁArea4ȁArea5 represent Beijing city area, plain area, 

Northeast mountain area, Northwest mountain area and Southwest area 
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Figure 2. Schematic diagram of station distribution (indicated by black squares) and radar locations (denoted by 

red dots). BJ, TJ, CZ, SJZ, QHD, CD and ZB represent Beijing, Tianjing, Cangzhou, Shijiazhuang, Qinhuangdao, 

Chengde and Zhangbei radars, respectively 

 

₮̆BJANC QPE Һ Ҋ₃ҩץ Ȃ ᾢ̆

ᵀ ԅ 1.5km-3.5kmӊ ̆

ᵞ ̆ ╧ ‪ ֦ ȁ ׅᴪ Ȃ

ῒ ̆ ԅ Z-R῏ ̂Z=386R
1.43̃̆ᵖ֤ ῟ ғ ̆

ҩ Z-R῏ ѿ ≢̕ B̆JANC QPE֟

ꜚ Ȃ҉ץ ֓ QPE Ȃ

₮ Ṝ ‰ ̆ ⁞ ֤ ῟ QPE Ȃ 

ҹ 2011 ĺ2016 6ĺ8 Ȃ ԍ ₮ ԍ

↓ Ṝ ‰ ̆ ᶏ ≠ԍ

Ḃץ̆ Ṝ Ȃ ѿ̆ Ṝ

30 ῒ̆҉ץᵖ ԅ 2011ĺ2016 6 Ȃӊ ׅץ ӊҹľ

ṜĿ ‰ ѿ̆ ҹ ꜚ QPE Ӈ Ṝ ↓̆

ѿ ҹ ̆ ᾟ ȂԊ ׆̆҉

’ ̆ ╠ Ҍ 30 ҉ץ ̂ ֤ ꜚ

2006 ץ ԍ ֤̆ ῟ 2008 ԍ ̃Ȃ ԍ 2011ĺ

2016 ̆ ғֽ ꜚ QPE Ҍ ̆ ҹ

ѿҩ Ȃ 7̆.579% ԍ ꜚ ̆ 20.448%

ԍ QPE ̆ ῍ ԅ 9535ҩ ̂ 3̃Ȃ 6

ĺ8 7̆ ᴍ 8̆ ᴍ ӊ 6̆ ᴍ ̆ᵖ ҩ

2700ҩȂ ̆ Ṝ ᵀ № ̆

ԍ ∆ ԍ ᴆ Ҍ ̆ ҩ≢ ₮ ԅ ҹҤ

Ȃ ѿ῍ ԅ 30 ̂ ̃̆ғ ₮ 2011 ̂17

̃ 2012 ̂13 ̃Ȃҹԅ ᾧ ̆ ╧ ԅ



 

6 
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Figure 3. The number of automatic weather stations (AWS) missing, radar QPE missing and available samples in 

the summer (June, July and August) during 2011ĺ2016 
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̂ 4b̃ Ȃ QPE Ẓ ̆ ֤ QPE

↕Ẓ Ȃ № QPE ᵀ Ẓ ̆ғẒ ̂ 4b̃ Ȃ֤

῟ № ҹ ȁ QPEḤ ̆

қ QPE Ẓ ̆қ ╠ ↕Ẓ Ȃ QPEẒ ̆

ҍ ҍῒ₃ז Ẓ ῏̆ QPEӊ╠Ạ

₮ ԅѿ Ẓ Ȃ ֤ QPE ҹ ꜚ Ȃ 

 

4̔2011ĺ2016 № Ȃ(a) ꜚ ̆(b) QPE Ȃ

ᵝ̔ Ȃ ╧ ̆  

Figure 4. Distribution of summer rainfall totals during 2011-2016. (a) Interpolated AWS rainfall totals, (b) radar 

QPE rainfall totals. unit: mm. Abnormal samples have been removed prior to constructing these figures. The time 

of abnormal samples are provided in the text 
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Figure 5. Distribution of 1h QPE error. (a)BIAS, (b) MAE, and (c) RMSE with unit of mm, and (d) RRMSE with 

no unit. Abnormal samples have been removed prior to constructing these figures 
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6̔(a) Ṝ ‰ ̂F̃ ̆ F ╧ Ȃ(b) ꜚ

QPE ̂>10mm/h̃ ₮  

Figure 6. (a) The calculated F filed. Abnormal samples are removed when calculating F. (b) The number of 

occurrence with no AWS rain but high radar QPE defined as larger than 10mm/h 

Ẋ ῃ ̆ Ӈ ֓ Ҥ ᴪ֟ ѿҩ

̆ ⌠ ‰ Fṿ №Ẓ ׆̆ ‰ QPE № Ẋ Ȃѿ F>10

₃Ӎ Ҍ⌠ Ȃ ѿ ץ F ṿ̂Fmax̃ ‗Ȃ

Ҋ ᵀץ ҙⱵ Ҭ ‰ F̆max ҹ 3̂ ṿ Ȃ̃ 

҉ Ṝ ‰ ԍ ↓ QPE ꜚ

Ṝ ׆̆ QPE ץ̆ QPE ‰ Ȃ ѿ

Ӟ ץ ԍ ↓ Ṝ ̆ɒ ᾢ

Ṝ ̆ ↓ Ӟ̆

↓ ╧ ṿ ̆

ץ Ῥ ꜚ Ȃ 

 

5 QPE ‰ ᵀ 

5.1 ᵩ  

Ṝ ‰ӊ 2011ĺ2016 1 QPE B̆IASȁ

MAEȁRMSE RRMSE 7 Ȃ ץ ₮̆ ‰ ᵀ

ⱬ Ȃ׆ BIAS ̆ QPE ꜚ Ẓ ҉ -0.05ĺ

0.05mm̆ ‰╠ ̂ 7ă 5ã Ȃ ‰ QPE BIASľ ᵞ Ŀ

̆ № Ȃ׆ MAEȁRMSE RRMSE ̆ ‰

1 QPEҍ ꜚ ҹ ̆ Ҍ ⁞ ̂ 7b-7d̆

5b-5d̃ Ȃ 
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7̔ 5̆ᵖҹ Ṝ ‰ӊ Ȃ ╧  

Figure 7. As in Fig.5, but for error distribution after climatological correction. Abnormal samples have been 

removed prior to constructing these figures 
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BIAS⁞ ῒ̆Ҭ № ̂1994ҩ 6̆2.2%̃ BIAS⁞ 50%

̂҉ץ 8ã ̆ΐ Ȃ ҹ ₮ Ṝ ‰ ̆ῒ

↓ ׆̆ ⌠ ԍ

Ҋ QPE ‰ ̆ ԍ ᵀ Ҭ Ẓ Ẓᵞᵀ

‰ ҹ Ȃ ԍMAEȁRMSE RRMSE ̆Ӟΐ ѿ ̆

֤ ῟ № ⁞ 50% ֤̆ ῟қ

⁞ 20% ̆ MAEȁRMSE RRMSE ⁞

Ȃ ᵣ ̆ Ṝ ‰ ֤ ῟ 1 QPE‰

ΐ ̆ Ҍ ⁞ ̆ғẒ ⁞ Ȃ 

 

8̔ Ṝ ‰╠ȁ 1h QPE № ̂ ⁞ № ̃̆(a) Ẓ ̆(b)

̆(c) ̆(d) Ȃ ᵝ̔%Ȃ ╧  

Figure 8. Percentage of 1h QPE error decreasing before and after climatological correction. (a) BIAS, (b) MAE, (c) 

RMSE and (d)RRMSE. unit: %ȂAbnormal samples have been removed prior to constructing these figures 
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⅞№ 5ҩ 1Ȃ ץ ⌠̆ ԅқ

ҹ Ẓ ӊ ̆ῒז ҹ Ẓ ̆ қ ᵀ Ẓ ӊ ̆

ῒז ѿ ꜚ Ẓ Ȃ ֤ ᵀ

ꜚ ῏ ̆ ֤ ᵀ ҹ‰ Ȃ ῒ ̆

ҹ QPE Z-R῏ ̂Z=386R
1.43̃ ԍ ֤ S

№ ⌠ ̂ 2̆010̃ Ȃ Ṝ ‰╠ ̆ ץ ⌠

‰ӊ BIASȁMAE RMSE Ҍ ⁞ ̆ ῏ ↕ Ȃ 

 

1̔5ҩ Ṝ ‰╠ȁ Ȃ

╧ ȂῒҬ̆BIASȁMAE RMSE ᵝҹ mm/h̆ CC

ꜚ ῏ Ȃ5ҩ ⅞№ 1 

Table 1: The results of radar hourly areal rainfall amount error before and after climatological 

correction for five sub-regions. Abnormal samples have been removed. Units for BIAS, MAE and 

RMSE are mm/h, and CC represents the correlation coefficient between radar and AWS hourly 

areal rainfall amounts. The five sub-regions are shown in Figure 1 

 Ṝ ‰╠ Ṝ ‰  

BIAS MAE RMSE CC BIAS MAE RMSE CC 

֤  0.02 0.12 0.45 0.83 0.007 0.10 0.35 0.89 

 0.05 0.12 0.32 0.77 0.005 0.09 0.26 0.83 

қ  -0.05 0.07 0.24 0.67 -0.02 0.06 0.20 0.76 

 0.01 0.07 0.17 0.64 0.01 0.06 0.13 0.78 

 0.01 0.10 0.29 0.79 0.006 0.09 0.27 0.82 

 

5.2 үᶡ ⅎ  

ҹԅ ѿ ᵀ Ṝ ‰ӊ ֤ ῟ 1 QPE ̆ ҉

ѿ ᵣ ̆ ѿ ԅ ҩᶛ Ȃ ₮ 3ҩ ҹῖ

ҩᶛ№ Ȃ 9 ₮ԅ 2016 7 23 10 00№ UTC ҩᶛȂ ̆
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҉̆ ⌠ № 9b Ȃ QPE ̆ ꜚ ṿ

ᵞ̆ № ̆ ҹ ꜚ № Ҍ ⌠ 1km№

└Ȃᵖ ̆ ԍ ꜚ ̆ ‰ 1 QPE

Ẓ ̆Һ ҹ֤̔ ῟ ңҩ ṿ ᵀ Ẓ ̆

қ Ḥ ↕ᵀ Ẓ ̆ № Ẋ Ḥ ̆

35mm/ĥ 9c̃ Ȃ Ṝ ‰ӊ ̆ ԅ QPE Ḡץ ̆QPE

Ӟ ⌠ԅ ̆ ңҩ ṿ QPE ̆ ꜚ ҹ

̆қ QPEӞ ⌠ԅѿ ⁞ ̂ 9d̃ Ȃ ̆ Ṝ ‰

ӊ ̆ QPE ꜚ ̆ Ӟ ̆ Ṝ

‰ 1 QPEΐ Ȃ 
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9̔2016 7 23 10 00№ UTC ҩᶛ 1h № ̆(a) ꜚ ̆(b)

ꜚ ̆(c) Ṝ ‰╠ QPE ̆(d) Ṝ ‰ QPE Ȃ ᵝ̔

 

Figure 9. 1h rainfall distribution on 201607231000UTC. (a) AWS observational rainfall, (b) interpolated AWS 

rainfall, (c) radar QPE before correction, and (d) radar QPE after correction. Units are mm for (a)-(d) 
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‰╠ QPE ׆≢№ 0.29mmȁ1.80mm ᵞ⌠ 0.23mmȁ1.41mmȂ ̆ QPE

ꜚ ῏ ׆ ‰╠ 0.56 ⌠ 0.76̆ ң ӊ ῏ Ȃ

ῒ ̆ ҩᶛ ‰╠ 2 ҩ ľ ᵀĿṿ̆ ‰ ↕ ⌠ԅ ̂
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10̔ 2016 7 23 10 00№ UTC ҩᶛ Ṝ ‰(a) ╠̆(b) № ̆ ף

ꜚ ̆ ף QPE ṿ⌠ ⌠ Ȃ ҬӞ ₮ԅ ꜚ QPE

ӊ Ẓ ȁ ȁ ῏  

Figure 10. Scatter plot of 1h rainfall on 201607231000UTC between AWS and radar QPE (a) before correction, 

and (b) after correction. The horizontal axis represents AWS rainfall and the vertical axis represents radar QPE. 

The BIAS, MAE, RMSE and correlation coefficient are also shown on the top left corner of (a) and (b) 

 

11-12 ₮ԅ 2014 7 1 12 UTC ҩᶛ Ȃ ҹ ⌠

̆ № Ҍ ȁ ȁ ̆ ᵄ ȁ6 ҉ץ

— Ȃ ץ ⌠̆ Ṝ ‰╠ QPE ֤ ȁ Ҭ №

ꜚ ⌠ Ẓ ̂ 11b̆ 11c̃ ̆ ‰ӊ QPE №

̆ ≢ ֤ ȁ Ҭ Ẓ ᵀ ⌠ԅ ‰̂ 11d̃ Ȃ

̆ ‰╠ QPE ⁞ B̆IASȁMAEȁRMSE№≢ 0.60mmȁ1.12mmȁ4.5mm

Ҋ 0.14mmȁ0.82mmȁ3.08mm̆ № ⱴ Ҭԍ ̆ ꜚ ῏

0.67 ⌠ 0.77̂ 12̃ Ȃ ̆ 13-14 ₮ԅ 2016 6 9 18 UTC

ҩᶛ Ȃ ֤ ҹ ⌠Ҭ ̆ ̆ қ - ̆ ֤қ
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Ṝ ‰ӊ № ⱴ Ҭԍ ̆1h QPE BIASȁMAE RMSE№≢

0.29mmȁ0.43mmȁ1.52mm⁞ ⌠ 0.06mmȁ0.30mmȁ0.90mm̆ ꜚ ῏
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11̔ 9̆ᵖҹ 2014 7 1 12 00№ UTC ҩᶛ 

Figure 11. Same as Figure 9, but for rainfall cases on 201407011200UTC 

 

 

12̔ 10̆ ᵖҹ 2014 7 1 12 00№ UTC ҩᶛ 

Figure 12. Same as Figure 10, but for rainfall case on 201407011200UTC 

 

 


