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・⼤気エアロゾル・PM2.5・⾼スペクトル分解ライダ

•既製品のエアロゾルライダ(ミー散乱ライダ)よりも⾼性能な⾼スペクトル分解ライダ技術を導⼊
•単⼀モードレーザーを使⽤しない低コスト⾼スペクトル分解ライダを実現
•波⻑制御機構を不要とする簡易・⾼安定システムで⻑期運⽤が可能

•⼤気中には⻩砂や煤など様々な種類のエ
アロゾルが混在し、地球の気候や⼤気環
境に影響を与えている。とりわけPM2.5
は濃度の監視のみならず、その成分や健
康影響の解明が求められている。
•⼤気レーザーレーダ（ライダ）はエアロ
ゾルの⾼度プロファイルの時間変化を観
測できる計測⼿法として世界各地で観測
網が展開されている。その⼀⽅で、ライ
ダによるエアロゾル濃度の定量測定には
技術・コストの両⾯で課題があった。

次世代エアロゾルライダを⽤いた⼤気エアロゾル
モニタリング技術

マルチモードレーザーを⽤いた⾼スペクトル分解ライダによる⼤気エアロゾル計測
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n特許技術を⽤いた⼤気モニタリングネットワーク⽤低コスト⾼スペクトル分解
ライダシステムの開発（環境総合推進費5RF-2001課題）

nエアロゾルの種類別濃度を計測する⼿法・技術の開発

多様なエアロゾルのモニタリング
・ブラックカーボン（⿊⾊炭素、煤）
・海塩粒⼦
・⼤気汚染性粒⼦（硫酸塩粒⼦など）
・⻩砂（鉱物ダスト）
p種類別エアロゾル濃度の⾼度分布を
⾼い時間・⾼度分解能で計測

p PM2.5等の健康影響評価

マルチモードレーザーと⾛査型⼲渉計を⽤いた⾼スペクトル
分解ライダの開発とエアロゾル⾼度プロファイル計測

⾛査型⼲渉計

望遠鏡

レーザー

scattering intensity varies with the height, Xmin
1 for the atmos-

pheric scattering depends on the height and differs from Xmin
1 ,

determined from the reference signals. To reduce the effect, the
field-of-view (FOV) of the receiver telescope of our experimen-
tal MM-HSRL is limited to 0.1 mrad. With the narrow FOV,
the geometrical form factor does not reach 1.0 up to high alti-
tude (6000 m). The narrow FOV, however, also has advantages
in reducing daytime background radiation and in reducing the
dynamic range of the signals at the lower heights [16]. In our
experimental system, we employ an additional telescope with a
wide FOV (1 mrad) for evaluating the geometrical form factor
of the MM-HSRL system and for measuring the depolarization
ratio of the backscattering signals.

5. PRELIMINARY RESULTS

Figure 5 shows scanned X 1 data with the reference signals. The
scanning range corresponds to one fringe (i.e., the laser mode
spacing). The phase shift was corrected by fitting a curve every
scan. Then the model curve was fitted (solid line in Fig. 5)
with Eq. (11). Figure 6 shows backscattering and extinction

coefficients measured during daytime. Scanned atmospheric
scattering data were fitted in the same manner as the reference
signals to obtain Pmin

rat . Backscattering coefficient was calculated
using Xmin

1 and Pmin
rat as Eq. (4). Pray was derived by subtracting

Pbias from Pmin, and, finally, the extinction coefficient was cal-
culated. The geometric form factor in Eq. (7) was corrected
with an elastic lidar having a larger FOV and measuring at
the same period. Error bars in Fig. 6 were calculated with
Eq. (12) for the backscattering coefficient and Eq. (14) for
the extinction coefficient. The SNR used for the calculation
is shown in Fig. 6(c). The errors in the extinction coefficient
are large above the boundary layer, but the 15 min average time
(i.e., 9000 shots) is sufficient for retrieving the extinction co-
efficient at lower aerosol layers where the SNR exceeds 1000.
The random errors in the backscattering coefficient are very
small compared to those in the extinction coefficient.

6. CONCLUSION

In this study, we described an algorithm for retrieving backscat-
tering and extinction coefficients from HSRL measurement
with a multimode laser and a scanning Mach–Zehnder inter-
ferometer. With the experiments reported in this paper, we con-
firmed that the MM-HSRL method is feasible. This study
demonstrated daytime measurement of the aerosol extinction
coefficient. We estimated the random errors for a Raman lidar
with the same laser power and the same telescope size in night-
time using the same aerosol profile as in Fig. 6. The error for
the MM-HSRL obtained in daytime measurement was compa-
rable to the estimated nighttime Raman lidar measurement.
The result showed that our target of this study (mentioned
in the Introduction) was barely achieved. However, the exper-
imental error in the extinction coefficient measurement with
the current MM-HSRL was approximately 5 times larger than
the theoretical error for the system. For this reason, we will
continue improving the current system by replacing suspicious
optical elements.
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Fig. 4. (a) Random errors in retrieved α1 for SNRmin.
(b) Systematic errors in retrieved α1 for ΔXmin

1 ∕Xmin
1 .

Fig. 5. Phase-corrected, scanned X 1 data for reference signals mea-
sured on 12 July 2016.
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Fig. 6. (a) Backscattering coefficient, (b) extinction coefficient, and
(c) signal-to-noise ratio derived from the MM-HSRL signals measured
for 15 min from 11:40 a.m. (local time) on 17 February 2017 at
Tsukuba, Japan. The error bars in (a) and (b) denote random errors.
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