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INTRODUCTION

Studying volume patterns in the equity markets is a common occurrence. Every broker
who has designed a trading algorithm has spent time studying how a stock trades.
These studies are used to either mimic or predict intra-day volume patterns or to
understand optimal times within the day or venues within the market to place orders.
Originally, these studies were performed by quantitative research departments.

More often they are now performed by trading desks in the never-ending pursuit of
competitive edge.

Studies of bond trading patterns seem to have been of much less interest to market
participants. From a historical perspective, perhaps this is understandable. Until
relatively recently there was no data to study. Trading venues was a misnomer in

an over-the-counter market, and despite the promises of automation, that largely
remains true today. And while there is no National Market System for bonds (with

the resulting ability to lace together pre- and post- trade information into a cohesive
whole) we do have access to a wealth of post-trade information that can be organized
and understood. That understanding of post-trade data can also provide insights to
patterns that are very useful in a pre-trade world.

BondWave has begun to study fixed income trading patterns as a means for improving
trading decisions. This review of trading patterns for corporate bonds (registered

and 144a securities), agency bonds and municipal bonds represents some high-level
patterns we feel will be of interest to the market. For the seasoned professional much
of this information is what they already understand about the market through years
of interaction. This will hope to quantify what they already understand qualitatively.
For the novice this information might speed the movement up the learning curve.

This is the first year BondWave has attempted to show how the fixed income markets
trade. Hopefully, it will not be the last. As we find interesting patterns to discuss

we hope to expand the scope of what is intended to be a yearly review. To that end,
suggestions for further exploration are

always appreciated. In the meantime, enjoy

the graphs. We have endeavored to provide \ bo d

the data with the minimum of commentary @E n ‘Jave
so that the reader can explore it with the

least amount of prejudice possible while |mag| ne th Bk
remaining engaged.
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THE DATA

For registered corporate bonds and municipal bonds all data is for all trading days in 2018. For 144a corporate bonds
and agency bonds all data is for May 2018 through December 2018. FINRA's Bond Trade Dissemination System
(BTDS) and Agency Debt Trade Dissemination Service (ATDS) data sets are utilized for corporate and agency bonds,
respectively. MSRB's Real-Time Transaction Reporting System (RTRS) data set is utilized municipal bonds.

REGISTERED CORPORATE BONDS

Registered Corporate Bond Trading by Minute

Trade Time
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P2 of Total Number of Trades and % of Total Par Traded for each Trade Time Minute broken down by Trade Time Hour. Th w is filtered on Trade Time Hour, which has
multiple members selected. Percents are based on each row of the table.
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Registered Corporate Bond Trading by Minute, Sale to Customer

Trade Time
12
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% of Total Par Traded
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Trading at the close is
initiated by customer
demand: 1.270%
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Parvalue being double the

trade count implies a mix

of retail and institutional
trading sizes: 2.735%
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based on each row of the table.

153245 |6 193245 |6 153245

fo of Total Number of Trades and % of Total Par Traded for each Trade Time Minute broken down by Trade Time Hour. Color shows details about Trade Type |d. The data is filtered on Trade Date Year,
WhIC" keeps 2018 The view is filtered on Trade Time Hour and Trade Type |d. The Trade Time Hour filter has multiple members selected. The Trace Type |d filter keeps Sale to Customer. Percents are
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Registered Corporate Bond Trading by Minute, Purchase from Customer

Trade Time
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1.4% Customer demand at 3 pm
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fio of Total Number of Trades and % of Total Par Traded for each Trade Time Minute broken down by Trade Time Hour. Color shows details about Trade Type |d. The data is filtered on Trade Date Year,
WhIC" keeps 2018. The view is filtered on Trade Time Hour and Trade Type |d. The Trade Time Hour filter has multiple members selected. The Trade Type |d filter keeps Purchase from Customer.
Percents are based on each row of the table.
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Registered Corporate Bond Trading by Minute, Dealer to Dealer

Trade Time
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Pt of Total Number of Trades and % of Total Par Traded for each Trade Time Minute broken down by Trade Time Hour.
Trade Time Hour, which has multiple members selected. Percents are based on each row of the table.

Type Id filter keeps Dealer to Dealer. The view is filtered on

The data is filtered on Trade Date Year and Trade Type Id.
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The Trads Date Year filter kesps 2018, The Trade
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Registered Corporate Bond Trading by Minute, ATS vs non-ATS
Trade Time ATS Indicator
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P2 of Total Number of Trades and % of Total Par Traded for each Trade Time Minute broken down by Trade Time Hour. Color shows details about ATS Indicator. The data is filtered on Trade Date Year,
which keeps 2018, The view is filtered on Trade Time Hour, which has multiple members selected. Percents are based on each row of the table.
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Registered Corporate Bond Trading by Minute, non-ATS
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0.4%

% of Total Number of Trades
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1.0%

% of Total Par Traded

Trade Time
7 8 9 10 11 12 13 14

Non-ATS Trade Count Breakdown
Dealer to Dealer = 26%
Purchase from Customer = 31%
Sale to Customer = 43%

MNon-ATS Par Value Breakdown
Dealer to Dealer = 20%
Purchase from Customer = 39%
Sale to Customer = 41%

Trade Type Id

15 18 17 W Dezlerto Dealer
. Purchase from Customer
. Sale to Customer

The 3 pm ET volume spike is a
non-ATS specific event
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6 of Total Number of Trades and % of Total Par Traded for each Trade Time Minute broken down by Trade Time Hour. Color shows details about Trade Type |d. The data is filtered on Trade Date Year
mnd ATS Indicator, The Trade Date Year filter keeps 2018, The ATS Indicator filter keeps False. The view is filtered on Trace Time Hour, which has multiple members selected. Percents are based oneach
row of the table.
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Registered Corporate Bond Trading by Minute, ATS

Trade Time Trade Type Id
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. . . ** Trades flagged as ATS with a contra party type of ATS . Sale to Customer
ATS’s are still primarily dealer to dealer platforms, W

0.8%
T
B ATS Trade Count Breakdown
E 0 e ATS or Dealer to Dealer = 7806
2 : Purchase from Customer = 1% ... While the 1:55 pm ET
-‘; Sale to Customer = 2% dealer to dealer volume spike
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but customers with direct access trade in larger average size
2.0%

ATS Par Value Breakdown
15% ATS or Dealer to Dealer = 58%*
Purchase from Customer = 5%
Sale to Customer = 686

Dealer to ATS =31%
1.0%

% of Total Par Traded

*Reporting party is either ATS or dealer and contra party is

0.5% dealer and ATS indicator equals true “‘

6 of Total Number of Trades and % of Total Par Traded for each Trade Time Minute broken down by Trade Time Hour. Color shows details about Trade Type |d. The data is filtered on Trade Date Year
mnd ATS Indicator. The Trade Date Year filter keeps 2018, The ATS Indicator filter keeps True. The view is filtered on Trade Time Hour, which has multiple members selected. Percents are based on each
row of the table.
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144A CORPORATE BONDS

144a Corporate Bonds by Minute

Trade Time
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1.0%

1443 bonds exhibit the same volume pattern as their registered cousins...
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0.6% ...including the 1:55 pm ET and 3 pm ET volume spikes
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% of Total Number of Trades

% of Total Par Traded
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6 of Total Number of Trades and % of Total Par Traded for each Trade Time Minute broken down by Trade Time Hour. The data is filtered on Trade Date Year, which keeps 2018. The view is filtered on Trade Time Hour, which

excludes 13 members. Percents are based on each row of the table
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1443z Corporate Bonds by Minute, Sale to Customer

Trade Time
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1.0% With less retail participation than registered
E bends, the 1443 trade count and par value
E closely match each other at 3 pm ET: 1.247%
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fo of Total Number of Trades and % of Total Par Traded for each Trade Time Minute broken down by Trade Time Hour. Color shows details about Trade Type |d. The data is filtered on Trade Date Year,

which keeps 2018, The view is filtered on Trade Time Hour and Trade Type |d. The Trade Time Hour filter excludes 13 members. The Trace Type |c filter keeps Sale to Customer. Percents are based on
each row of the table.
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1443 Corporate Bonds by Minute, Purchase from Customer

Trade Time
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% of Total Par Traded

&

fo of Total Number of Trades and % of Total Par Traded for each Trade Time Minute broken down by Trade Time Hour. Color shows details about Trade Type |d. The data is filtered on Trade Date Year,
which keeps 2018, The view is filtered on Trade Time Hour and Trade Type |d. The Trade Time Hour filter excludes 12 members. The Trace Type |c filter keeps Purchase from Customer. Percents are
based on each row of the table.
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144a by minute, Dealer to Dealer

Trade Time
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#o of Total Number of Trades and % of Total Par Traded for each Trade Time Minute broken down by Trade Time Hour. Color shows details about Trade Type |d. The data is filtered on Trade Date Year,
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each row of the table.
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144z Corporate Bond Trading by minute, ATS vs non-ATS
Trade Time ATS Indicator
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P4 of Total Number of Trades and % of Total Par Traded for each Trade Time Minute broken down by Trade Time Hour. Color shows details about ATS Indicator. The data is filtered on Trade Date Year,
which keeps 2018. The view is filtered on Trade Time Hour, which excludes 12 members. Percents are based on each row of the table.
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1443 Corporate Bond Trading by Minute, non-ATS

Trade Time
0 7 8 g 10 1 12 13 14
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2 MNon-ATS Trade Count Breakdown
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2 Purchase from Customer = 40%
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Trade Type Id
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6 153245 7 2135 45

Po of Total Mumber of Trades and % of Total Par Traded for each Trade Time Minute broken down by Trade Time Hour. Color shows details about Trade Type |d. The data is filtered on Trade Date Year
mnd ATS Indicator. The Trade Date Year filter keeps 2018, The ATS Indicator filter keeps False. The view is filtered on Tracde Time Hour, which excludes 12 members. Percents are based on each row of

fthe table.
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1443 Corporate Bond Trading by Minute, ATS

Trade Time Trade Type Id
7 8 E] 10 11 12 13 14 15 16 17 Il Desler to Dealer
6% M Purchase from Customer
Because ATS volume is so small for 144a securities.. +Trades flagged as ATS with a contra party type of ATS M Sale to Customer
- | FNER
4%

ATS Trade Count Breakdown
ATS or Dealer to Dealer =6206*
Purchase from Customer = 3%
Sale to Customer = 3%
Dealer to ATS =32%
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% of Total Number of Trades
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. ...the 1:55 pm ET print stands out further
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i: = ATS Par Value Breakdown
= ATS or Dealer to Dealer = 55% *
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E = Dealerto ATS =39%
G
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* Reporting party is either ATS or dealer and contra party is
1% dealer and ATS indicator equals true.
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ws details about Trade Type |d. The data is filtered on Trade Date Year
Hour, which excludes 12 members. Percents are based on each row of

Pt of Total Mumber of Trades and % of Total Par Traded for each Trade Time Minute broken down by Trade Time Hour. Color sh
mnd ATS Indicator, The Trade Date Year filter keeps 2018, The ATS Indicator filter keeps True. The view is filtered on Trade Time
fthe table.
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AGENCY BONDS

Agency Bond Trading by Minute

Trade Time
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P4 of Total Number of Trades and % of Total Par Traded for each Trade Time Minute broken down by Trade Time Hour. The data is filtered on Trade Date Year, which keeps 2018, The view is filtered on Trade Time Hour, which
excludes 12 members. Percents are based on each row of the table.
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Agency Bond Trading by Minute, Sale to Customer

Trade Time
7 8 9 10 11 12 13 14 15 16 17
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% of Total Par Traded

&

&

fio of Total Number of Trades and % of Total Par Traded for each Trade Time Minute broken down by Trade Time Hour. Color shows details about Trade Type |d. The data is filtered on Trade Date Year,
which keeps 2018, The view is filtered on Trade Time Hour and Trade Type |d. The Trade Time Hour filter excludes 12 members. The Trace Type |c filter keeps Sale to Customer. Percents are based on
each row of the table.

Copyright © 2019 — BondWave LLC
120 E. Liberty Drive, Suite 400 | Wheaton, IL60187 | 877.795.2929 | 630.517.7000 | bondwave.com

§ bondwave



https://www.bondwave.com/

BondWave Trade Insights - Volume 3

How Bonds Trade

Volume 3 | January 2019

Agency Bond Trading by Minute, Purchase from Customer
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fio of Total Number of Trades and % of Total Par Traded for each Trade Time Minute broken down by Trade Time Hour. Color shows details about Trade Type |d. The data is filtered on Trade Date Year,
which keeps 2018, The view is filtered on Trade Time Hour and Trade Type |d. The Trade Time Hour filter excludes 12 members. The Trace Type |c filter keeps Purchase from Customer. Percents are
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Agency Bond Trading by Minute, Dealer to Dealer
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Trade Time
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#o of Total Number of Trades and % of Total Par Traded for each Trade Time Minute broken down by Trade Time Hour. Color shows details about Trade Type |d. The data is filtered on Trade Date Year,

which keeps 2018, The view is filtered on Trade Time Hour and Trade Type |d. The Trade Time Hour filter excludes 12 members. The Trace Type |c filter keeps Dealer to Dealer. Percents are based on

each row of the table.
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Agency Bond Trading by Minute, ATS vs non-ATS

Trade Time
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P2 of Total Number of Trades and % of Total Par Traded for each Trade Time Minute broken down by Trade Time Hour. Color shows details about ATS Indicator. The data is filtered on Trade Date Year,
which keeps 2018, The view is filtered on Trade Time Hour, which excludes 12 members. Percents are based on each row of the table.
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Agency Bond Trading by Minute, non-ATS

Trade Time Trade Type Id
7 8 9 10 11 12 13 4 15 16 17 Il Desler to Dealer
. Purchase from Customer

0.4% Non-ATS Trade Count Breakdown I ssle to Customer
Dealer to Dealer = 27%
Purchase from Customer = 27%
" Sale to Customer = 46%
LY}
T 03%
=
5
2
E
5
Z 02%
]
2
S
ES
0.1%
0.0% || scanatl LLALL.
0.4%
Non-ATS Par Value Breakdown
0.2% Dealer to Dealer = 29%
3 Purchase from Customer = 23%
2 Sale to Customer = 48%
=
5
=
T 02%
2
s
ES
0.1%
0.0% ._....J.J.lum h -

17 30 4356/ 6 153245 |6 193245 |6 153245 |6 1953245 |6 193245 6 1953245 6 153245 |6 193245 |6 153245 |6 1532 48

% of Total Number of Trades and % of Total Par Traded for each Trade Time Minute broken down by Trade Time Hour. Color shows details about Trade Type |d. The data is filtered on Trade Date Year
mnd ATS Indicator. The Trade Date Year filter keeps 2018, The ATS Indicator filter keeps False. The view is filtered on Tracde Time Hour, which excludes 12 members. Percents are based on each row of
fthe table.
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Agency Bond Trading by Minute, ATS

Trade Time Trade Type Id
07 g 9 10 11 12 13 14 15 16 17| [ Desler to Dealer

. Purchase from Customer

a

** Trades flagged as ATS with & contra party type of ATS
0.4% e partyhe M sale to Customer

| EER

ATS Trade Count Breakdown
ATS or Dealer to Dealer =839 *
Purchase from Customer = 1%
Sale to Customer = 1%
Dealer to ATS = 15%

% of Total Number of Trades

el

1.0%
0.8% ATS Par Value Breakdown
ATS or Dealer to Dealer =58% *
Purchase from Customer = 2%
Sale to Customer = 1%

0.6% Dealer to ATS =39% *Reporting party is either ATS or dealer and contra party is dealer and ATS indicator equals true

0.4%

bl WWWWWWM

1|5 16273849 |5 16273849 |5 16273849 |5 16273849 |5 16273849 5 16273849 |5 16273849 5 1627 3849 |5 1627 3845 |5

% of Total Par Traded

6 of Total Number of Trades and % of Total Par Traded for each Trade Time Minute broken down by Trade Time Hour. Color shows details about Trade Type |d. The data is filtered on Trade Date Year
mnd ATS Indicator, The Trade Date Year filter keeps 2018, The ATS Indicator filter keeps True. The view is filtered on Trade Time Hour, which excludes 12 members. Percents are based on each row of
fthe table.

Copyright © 2019 — BondWave LLC

120 E. Liberty Drive, Suite 400 | Wheaton, IL60187 | 877.795.2929 | 630.517.7000 | bondwave.com N bondh]ave



https://www.bondwave.com/

Volume 3 | January 2019

BondWave Trade Insights - Volume 3

How Bonds Trade

MUNICIPAL BONDS

Muni Bond Trading by Minute
Trade Time
7 8 9 10 11 12 13 14 15 16 17
0.7%
e Muni Volume -
o The Hairy Caterpillar
, 05%
i}
©
£
S pam
2
15}
2
5
£ 03%
0.2%
0.1%
2.59
2.0%
T
© When Issued
= trades are
E 15% the hairon
= the
=
2 caterpillar
[
15
= lo%
0.5%
.E-G”""B—, 5 16273845 |5 16 27 38 4 6 18 30 42 54|5 16 27 3845 |5 16 27 38 4 6 18 30 42 54|5 16 27 3845 |5 16 27 38 4% 5_80‘7546_86“7&1
Po of Total Trades and % of Total Par Traded for each Trade Time Minute broken down by Trade Time Hour. The data is filtered on Trade Date Year, which keeps 2018. The view is filtered on Trade Time Hour, which excludes 12
members. Percents are based on each row of the table.
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Muni Bond Trading by Minute excluding When Issued
Trade Time
7 8 9 10 11 12 13 14 15 16 17
0.25%
Many
smaller
0.20% trades...
n
i}
©
£
-
'_45 0.15%
15}
2
&
5
s 0.10%
0.05%
0.00% || el L_
0.4%
Short-Term Reset Bonds
- Print at 8:00 am ET
<
® 0.3%
=
©
a
E
]
£ oz%
15
&
0.1%
00% ||, ‘;J m
16 27 38 & 6 18 30 42 5 16273845 |5 16273843 |5 1627 384% |5 1627 3843 |6 18 30 42
P4 of Total Trades and % of Total Par Traded for each Trade Time Minute broken down by Trade Time Hour. The data is filtered on Trade Date Year and When Issued Indicator. The Trads Date Year filter kesps 2018, The When |ssusc
ndicator filter keeps False. The view is filtered on Trade Time Hour, which excludes 12 members. Percents are based on each row of the table.
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Muni Bond Trading by Minute excluding When Issued, Sale to Customer
Trade Time
7 8 9 10 11 12 13 14 15 16 17
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n
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E 0.15%
2
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0.05%
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£ 02%
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516273845 |6 1B 30 42 54 5 1627 3845 |5 1627 3845 |5 1627 3845 |5 1627 3845 |5 1627 3845 |6 18 30 42 54|5 1627 3845 |5 1627 3845 |5 16 27 38 43
4 of Total Trades and % of Total Par Traded for each Trade Time Minute broken down by Trade Time Hour. Color shows details sbout Trade Type Id. The data is filtered on Trade Date Year and When [ssued Indicator. The Trade
Date Year filter keeps 2018. The When Issued Indicator filter keeps False. The view is filtered on Trade Time Hour and Trade Type |d. The Trade Time Hour filter excludes 12 members. The Trade Type Id filter keeps Sale to
Customer. Percents are based on each row of the table
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Muni Bond Trading by Minute excluding When Issued, Purchase from Customer

Trade Time
o 7 8 9 10 11 12 13 14 15 16 17
0.4%
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w
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00% | ML L—
0.7%
From 10 am ET to 11 am ET velume builds on
the Purchase from Customer side that
0.6% appears related to the new issue calendar
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3
°
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o 0.4%
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g o
= 0.3%
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51627 3843 5 16273843 |5 1627 3843 |5 16273843 |5 1627 3843 5 16273843 |5 1627 3843 |5 16273843 |5 16273843 |5 1627 3845 |5 16 27 38 49

4 of Total Trades and % of Total Par Traded for each Trade Time Minute broken down by Trade Time Hour. Color shows details sbout Trade Type Id. The data is filtered on Trade Date Year and When [ssued Indicator. The Trade
Date Year filter keeps 2018. The When Issued Indicator filter keeps False. The view is filtered on Trade Time Hour and Trade Type |d. The Trade Time Hour filter excludes 12 members. The Trade Type Id filter keeps Purchase from
Customer. Percents are based on each row of the table
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Muni Bond Trading by Minute excluding When Issued, Dealer to Dealer

Trade Time
0 7 8 9 10 11 12 13 14 15 16 17
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w
v
o
£
=
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]
2
.
5
=
0.10%
0.05%
0.00% “ h T
0.35%
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g 0.25%
o
£
=
& 020%
F
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0.10%
Dealer to Dealer per trade sizes are
- fairly uniform throughout the day
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0.00% | - ot

51627 3843 5 16273843 |5 1627 3843 |5 16273843 |5 1627 3843 5 16273843 |5 1627 3843 |5 16273843 |5 16273843 |5 1627 3845 |5 16 27 38 49

P4 of Total Trades and % of Total Par Traded for each Trade Time Minute broken down by Trade Time Hour. Color shows details sbout Trade Type |d. The data is filtered on Trade Date Year and When [ssued Indicator. The Trade
Date Year filter keeps 2018. The When Issued Indicator filter keeps False. The view is filtered on Trade Time Hour and Trade Type Id. The Trade Time Hour filter excludes 12 members. The Trade Type Id filter keeps Dealer to Dealer.
Percents are based on each row of the table.
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Muni Bond Trading by Minute, When Issued

Trade Time
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[
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ute broken down by Trade Time Hour. The data is filtered on Trade Date Year and When |ssued Indicator. The Trade Date Year filter kesps 2018, The When |ssusd
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ilter keeps True. The view is filtered on Trade Time Hour,

ndicato: hich excludes 12 members. Percent:

)

s § bondwave

Copyright © 2019 — BondWave LLC
120 E. Liberty Drive, Suite 400 | Wheaton, IL60187 | 877.795.2929 | 630.517.7000 | bondwave.com


https://www.bondwave.com/

Volume 3 | January 2019

BondWave Trade Insights - Volume 3

How Bonds Trade

Muni Bond Trading by Minute excluding When Issued, ATS vs non-ATS
Trade Time ATS Indicator
7 8 3 10 12 12 14 15 16 17 W False
. True
0.20%
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E 0.15%
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= 0.10%
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of trade count..
0.00% pe—I
0.4%
o
i
o
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0.1 _..but only 5% of par
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0.0% | m
Pa of Total Trades and % of Total Par Traded for each Trade Time Minute broken down by Trade Time Hour. Color shows details about ATS Indicator. The data is filtered on Trade Date Year and When
ssued Indicator. The Trace Date Year filter keeps 2018, The When |ssued Indicator filter keeps False. The view is filtered on Trade Time Hour, which excludes 12 members. Percents are based on each
row of the table
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Muni Bond by Minute excluding When Issued, non-ATS

Trade Time Trade Type Id
7 8 El 10 1 12 13 14 15 16 17 Il Dealer to Dealer
. Purchase from Customer
Non-ATS Trade Count Breakdown Il szle to Customer
0.25% Dealer to Dealer = 21%
Purchase from Customer = 29%
Sale to Customer = 50%
0.20%
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u
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d
= )
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&
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0.00% | eeriail L‘
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0.4% Non-ATS Par Value Breakdown
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3; Sale to Customer = 520
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£
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&
0.1%
vo il "

6 13 32 45 6 13 32 45 6 13 32 45 6 13 32 45 6 13 32 45 6 19 32 45 6 13 32 45 6 13 32 45 6 13 32 45 6 19 32 45 6 13 32 45

% of Total Trades and % of Total Par Traded for each Trade Time Minute broken down by Trade Time Hour. Color shows details about Trade Type Id. The data is filtered on Trade Date Year, When Issued
Indicator and ATS Indicator. The Trade Date Year filter keeps 2018. The When Issued Indicator filter keeps False. The ATS Indicator filter keeps False. The view is filtered on Trade Time Hour, which excludes
[L2 members. Percents are based on each row of the table
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Muni Bond Trades by Minute excluding When Issued, ATS

Trade Time
0 7 8 E 10 11 12 13 14 15 18 17
" Muni ATS trades are all
reported as Dealer to Dealer
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223743 6 18304254/ 6 18304254/ 6 18304254 6 183042546 18304254/ 6 183042546 18304254 6 18304254 6 18304254 6 1830

%6 of Total Trades and % of Total Par Traded for each Trade Time Minute broken down by Trade Time Hour. Color shows details asbout Trade Type |d. The datais filtered on Trade Date Year, When |ssued
ndicator and ATS Indicator. The Trade Date Year filter keeps 2018, The When |ssued Incicator filter keeps False. The ATS Indicator filter keeps True. The view is filtered on Trade Time Hour, which excludes

[12 members. Percents are based on each row of the table.
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DEALER TO DEALER BID/ASK SPREADS 2016 TO PRESENT

Corporate Bond, Dealer to Dealer Bid/Ask Spread, 5-10 Year Duration
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Mar 1, 16 Junl le Sepl, 16 Decl, 16 Marl, 17 Junl, 17 Sepl, 17 Decl, 17 Marl,18 Junl, 18 Sepl 18 Decl, 18
Day of Trade Date
[The trend of Monthly Moving Average of Dealer to Dealer Bid/Ask Spread %, data averaged at the CUSIP level, then across CUSIPs. Filtered to A, BEE rated bonds.
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Corporate Bond, Dealer to Dealer Bid/Ask Spread, 1-5 Year Duration
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[The trend of Monthly Moving Average of Dealer to Dealer Bid/Ask Spread %, data averaged at the CUSIP level, then across CUSIPs. Filtered to A, BEE rated bonds.
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Muni Bond, Dealer to Dealer Bid/Ask Spread, 5-10 Year Duration
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[The trend of Monthly Moving Average of Dealer to Dealer Bid/Ask Spread %, data averaged at the CUSIP level, then across CUSIPs. Filtered to AA, A rated bonds.
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Muni Bond, Dealer to Dealer Bid/Ask Spread, 1-5 Year Duration
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[The trend of Monthly Moving Average of Dealer to Dealer Bid/Ask Spread %, data averaged at the CUSIP level, then across CUSIPs. Filtered to AA, A rated bonds.
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YIELD DISPERSION

Half A Million Randomly Sampled Corporate Bond Trades 2012-2018
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To learn more, please visit www.bondwave.com,
email info@bondwave.com
or call 630.517.7000

ABOUT BONDWAVE LLC

BondWave is a financial technology company specializing in fixed income solutions. We serve a wide range of customers, from small
independent RIAs to some of the largest broker-dealers and custody providers in the financial services industry. Traders and advisors use
our tools to provide a superior fixed income experience to their clients. By creating sophisticated, yet simple solutions for all stakeholders in
the investment process, we help traders and advisors better leverage individual bonds as they work to achieve the investment objectives of
their clients. Our tools enable strategy-based investing — including portfolio creation, monitoring and rebalancing — while greatly enhancing
the communications between the trading desk, advisors and their clients. BondWave is liquidity and trade agnostic and our sole focus is to
provide a simple, sophisticated user experience around individual bond investing.
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This material has been prepared by BondWave LLC (BondWave) and reflects the current opinion of the authors. It is based on sources and
data believed to be accurate and reliable but has not been independently verified by BondWave. Opinions and forward looking statements
are subject to change without notice. The material does not constitute a research report or advice and any securities referenced are for
illustrative purposes only and not a recommendation to buy or sell any security.
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