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Abstract

Effect of the Earth’s curvature and increasing of radar beam as a function of range from a radar site cause the observation altitude and
measurement volume to increase with range from the radar. This leads to error in radar rainfall estimates as a function of range. The
objective of this paper was to study error characteristic of initial radar rainfall estimates of the Pimai radar as a function of range by
considering the errors in term of differences between logarithmic of rain gauge and the corresponding radar rainfall data which were
calculated by using the climatological Z-R relationship of the study area (logRs-logRR). Thirty-nine rainfall events recorded from the
Pimai radar and 50 automatic rain gauges data during 2003-2004 were used in this study. The results of this study showed that error in
initial radar rainfall estimates of the Pimai radar increase as a function of range at the range greater or equal to 70 km from the radar
site. This range dependent error can be further used to adjust initial radar rainfall estimates for the Pimai radar to be equivalent to
ground rainfall using rain gauge data.
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1. Introduction

Weather radar can continuously detect and measure precipitation clouds immediately when rain covers a wide area. It provides
rainfall data with high spatial resolution up to 1x1 square kilometers and can measure rainfall data every 6 minutes. Due to these special
features, weather radar has become a popular tool for measuring rainfall quantities. However, weather radar differs from conventional
rain gauges because it does not directly measure precipitation amounts but uses data from measuring the intensity of electromagnetic
waves reflected back to the radar receiver. After these waves interact with raindrops, the strength of the electromagnetic waves received
by the radar receiver is converted into radar reflectivity (Z). Radar reflectivity depends on the number and distribution of raindrops
(Rainfall Drop Size Distribution) within a unit volume of the surveyed atmosphere. When using radar reflectivity data to estimate
rainfall amounts, it is converted into rainfall intensity data (R) using a suitable Z-R relationship equation for the studied area [1].

Generally, weather radar measures radar reflectivity values above the ground surface. Therefore, when using radar to measure
rainfall quantities at locations far away from the radar station, the influence of the Earth's curvature and the widening of radar waves
with distance affects the altitude and volume of the surveyed atmosphere where rainfall is detected. This results in an increase in altitude
and volume of the surveyed atmosphere with distance from the radar station, leading to increased discrepancies in rainfall estimates
from the radar with distance from the radar station.

The objective of this article is to study the characteristics of discrepancies with distance in rainfall estimates from radar, which are
initially calculated using the average Z-R equation of the studied area (Z=56.5R*%) [1].

2. Materials and methods
2.1 Checking the quality of rainfall data from rain gauge stations

In this study, the quality of rainfall data from automatic rain gauge stations during the years 2003-2004 was examined. A total of
50 stations were examined using the Double Mass Curve method and Time Series Plot analysis. Station A01 was excluded from the
analysis because it is located within a radar shadow, meaning it is less than 10 km away from the radar station, resulting in no radar
data available in that area. Therefore, only 49 rain gauge stations were used for quality assessment. The results showed that all 49
stations, comprising stations A02 to A50. It can be concluded that the rainfall data from all 49 stations examined are reliable and can
be used for further study.



46 Agricultural and Biological Engineering 2024;1(2)

2.2 Checking the quality of radar data

The CAPPI radar image data at a height of 2.5 km. Only rainfall events with radar CAPPI image data that passed the quality
assessment criteria were selected. This means that there were no deviations due to radar signal interference, abnormal radar wave
attenuation, electronic issues, or non-rain signal detection problems. In this study, only rainfall events with complete CAPPI radar
image data were considered. Additionally, to avoid issues related to non-rain signals (noise), only radar reflection data with values
greater than 15 dBZ were used for analysis. Furthermore, to mitigate the impact of radar signals caused by insects, radar reflection
values exceeding 53 dBZ were considered as 53 dBZ [2].

2.3 Checking for outliers in radar rainfall data and rainfall data from corresponding rain gauge stations

Preliminary outlier detection: For each rainfall event, the relationship between the distribution of radar rainfall data, estimated using
the equation Z=56.5R'%, and rainfall data from corresponding rain gauge stations was examined.

Upon detecting outliers as described in step 1: Outliers were considered for removal based on standardized residuals, which have
values less than -2 or greater than +2 [3], for each data pair. These outliers were removed from the rainfall event data set comprising
39 events, after they were identified from the relationship between radar rainfall estimated using the equation Z=56.5R*5 and rainfall
from corresponding rain gauge stations for each rainfall event.

3. Results and Discussion
3.1 Effects of discrepancies with distance occurring in radar rainfall estimation
Case 1) Segment 1 (< 70 km): There is a linear relationship with a zero slope, indicating that the discrepancy in Segment 1 remains

constant with distance, with a constant discrepancy of 0.1320. Segment 2 (70 km): There is a linear relationship with a slope of 0.0003,
indicating that the discrepancy in Segment 2 changes with distance, as shown in Figure 1.
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Figure 1 The relationship between the discrepancy in radar rainfall quantity and the distance from the radar station (< 70 km) and (70
km).

Case 2) Segment 1 (< 90 km): There is a linear relationship with a zero slope, indicating that the discrepancy in Segment 1 remains
constant with distance, with a constant discrepancy of 0.1299. Segment 2 (90 km): There is a linear relationship with a slope of 0.0005,
indicating that the discrepancy in Segment 2 changes with distance, as shown in Figure 2.

02 T T T T T T
-
-
018+ . % _
016+
-
. s 3
0.141* 3
‘6 -
= . 03 Ll
L 042+ £, - & B
* -
-
- 2al
01 . ” .
008+ . * o
0.06 1 L L 1 1 L L
20 40 60 80 100 120 140

Distance from radar station (km)

Figure 2 The relationship between the discrepancy in radar rainfall quantity and the distance from the radar station (< 90 km) and (90
km).
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Case 3) Segment 1 (< 105 km): There is a linear relationship with a zero slope, indicating that the discrepancy in Segment 1 remains
constant with distance, with a constant discrepancy of 0.1327. Segment 2 (105 km): There is a linear relationship with a slope of 0.0006,
indicating that the discrepancy in Segment 2 changes with distance, as shown in Figure 3.
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Figure 3 The relationship between the discrepancy in radar rainfall quantity and the distance from the radar station (< 105 km) and
(205 km).

3.2 The characteristics of discrepancies with distance in radar rainfall estimation suitable for the area

The analysis of the characteristics of discrepancies with distance in radar rainfall estimation suitable for the area, which arise from
the influence of the Earth's curvature and the widening of radar waves, was conducted by considering the coefficient of determination
(R?). This coefficient indicates the relationship between the discrepancy and the distance from the radar station, calculated from the
relationship equation in Cases 1, 2, and 3. It reflects how closely related the two variables are; if they have a strong correlation, the
value will be close to 1 [4].

The study found that the R? values in Cases 1, 2, and 3 were 0.859, 0.770, and 0.657, respectively. Thus, it can be concluded that
the relationship between the discrepancy in radar rainfall quantity and distance in Case 1, which exhibits a constant discrepancy with
distance from the radar station between 0-70 km and increases with distance from the radar station at distances greater than or equal to
70 km, is the most suitable for the study area. This finding is consistent with the study results of Chumchean et al. [5].

In the study, it was found that the discrepancy in rainfall quantities detected by the Kurnell radar, a C-band radar located in Sydney,
Australia, increases with distance beyond 55 km from the radar station. This discrepancy is less than the distance of 70 km obtained
from this study, which aligns with the fact that S-band radars, being larger, are more accurate in measuring radar reflectivity values at
longer distances compared to C-band radars [6].

4. Conclusions

1. The discrepancy in rainfall estimation from the radar monitored by the Phimai radar station remains constant at distances less
than 70 km from the radar station and increases with distance beyond 70 km from the radar station.

2. The results of the study on the discrepancy with distance in rainfall estimation from the radar can be applied to preliminarily
adjust radar rainfall at the Phimai radar station for future studies [6]. This will be beneficial in improving the accuracy of radar rainfall
estimation.
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