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TIF example

Original Tax Basis $100,000
New Tax Basis $500,000
Increment $400,000
Ten Year Increment $4,000,000
Loan Amount $2,000,000
Debt Service (Annual) $200,000
Excess Funds (Annual) $200,000

Table: In this example we consider an existing structure that generates $100,000 annually in property taxes, and a new
development that increase tax revenue to $500,000 annually after construction is completed. Thus, there is a difference of
$400,000 per year. After 10 years, the increment becomes $4,000,000. The tax recipients only take the original tax basis, the
$100,000 annually in this example, and the remaining $400,000 is given back to the original lender, either the bond owners or
the bank. We assume that the developer only gets a TIF loan equal to 50% of the increment. In this case, the developer still
pays back $400,000 every year for the next 10 years. However, the city is not using the full $400,000 for debt servicing; it is only
using $200,000 for debt service. The remaining $200,000 can be distributed to the tax recipients, or it can be used for
infrastructure development.
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Low Income Housing Tax Credit (LIHTC)

Figure: This figure illustrates a typical LIHTC deal, in which a developer is
allocated $1 million in tax credits and the market price of these credits is $0.90.
Mathematically, $0.90 ∗ $1million ∗ 99.99% = $899, 910
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Goal

Our goal is to examine the role of TIF and LIHTC on affordable housing
development.

� Can a TIF policy implement an equilibrium where the construction of
affordable housing becomes feasible (it passes the “but for” test)?

� Is TIF effective in ameliorating a housing affordability crisis resulting
from frictions in the housing market (e.g., zoning constraints and
NIMBYism)?

� Does TIF induce global corporations to rebalance their LIHTC equity
portfolios?
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The model

We consider an economy with two jurisdictions, k1 and k2.

Local developers provide affordable housing to local poor households, and
finance these investments with a mixture of debt, TIF, and LIHTC equity

The other agents in our model are 1) local rich households who lend
money in the debt market to consume in the second period, 2) a
corporation that buys LIHTCs in both jurisdictions, and 3) a company that
owns and sells construction materials in the first period.
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Competitive equilibrium

A competitive equilibrium consist of a vector
(xA,DA,EA, p, q, τ, (πk)k∈K), such that

� Each agent maximizes utility

ui (x i ) = θi10 ln x i10 +
∑

s=s1,s2

(
θi0(s) ln x i0(s) +

∑
k=1,2 θ

i
k(s) ln aik(s)

)
subject to budget constraints, debt short sale constraints, and sign
constraints T i

k ≥ 0

� Jurisdition’s profit function πk determined by agents’ equity choices

� Market clearing for debt (global), equity (local), affordable housing
(local), numeraire (global), construction materials (global)

Theorem 1: Under assumptions... the competitive equilibrium set is
non-empty.
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Characterization of equilibrium

Proposition 1: In each jurisdiction, the ε-shock to affordable housing
development drives the house price differential between states of nature,
i.e.,

p1(1)/p1(2) = ε1(2)/ε1(1)

p2(1)/p2(2) = ε2(2)/ε2(1)

For example, if ε1(1) < ε1(2), then p1(1) > p1(2). The ε-shock can be
interpreted as an underlying friction of the housing market, e.g., zoning
constraints and NIMBYism

Proposition 2: TIF increases the construction costs in the TIF
jurisdiction.
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Characterization of equilibrium

Proposition 3: The corporation’s LIHTCs T c
k decreases in the developer

dk ’s loan amount and the amount of TIF awarded to developer dk by
jurisdiction k , i.e.,

T c
k =

T̂ dk
k r

2 · ωhk
0 (1) · τ

τ
r
ωhk

0 (1) + γk T̂
dk
k︸ ︷︷ ︸

taxes

− ωHk
10︸︷︷︸

loan

− δdk ((γk − ηk)T̂ dk
k − λk)︸ ︷︷ ︸

TIFk


Proposition 3 provides a first insight into the role of municipal public
policy on global capital markets.

Roughly speaking, TIF crowds out global investors’ holdings of real estate
equity in the TIF jurisdiction
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Assessing the role of TIF

Example 1: No TIF: δh1
1 = 1 and δh2

2 = 1

Example 2: With TIF: δd1
1 = 0.5 and δd2

2 = 0

Example 1 Example 2
k1 k2 k1 k2

TIFk 0.00 0.00 0.11 0.00
LIHTC c

k 0.45 0.45 0.41 0.49
Debtdk 1.00 1.00 1.00 1.00
ConstructionCostk 1.00 1.00 1.07 1.02

PropertyTaxdkk 0.20 0.20 0.21 0.20
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Assessing the role of TIF

“But for” test: The development project will not materialize if the developer
feels the expected profit without TIF is not large enough given the risk.

We take θdk0 (s1) = θdk0 (s2) = 1 for both developers d1 and d2. Then, the local
developer’s expected utility in Example 1 is equal to ln 0.8999. This utility can be
seen as a proxy of the developer’s profitability from constructing affordable
housing.

It stands to reason that affordable housing will not be developed if local
developers require a expected indirect utility greater than ln 0.9000.

TIF1 increases the developers d1 and d2’s expected utility (a proxy of profitability)
from ln0.8999 to ln0.9423 for developer d1 and from ln0.8999 to ln0.9036 for
developer d2. Thus, affordable housing development passes the “but for ” test.
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Assessing the role of TIF

A TIF policy of TIF1 = 0.11 has the following effect on the corporation’s
LIHTC equity portfolio:

� TIF1 induces the corporation to rebalance its portfolio of LIHTC
equity toward jurisdiction k2 by 8.9 percent.

A TIF policy of TIF1 = 0.11 has the following effects on construction
costs:

� Construction costs in jurisdiction k1 by 7 percent due to the
additional developer d1’s resources coming from TIF1

� Construction cost in the no TIF jurisdiction k2 also increase due to
the corporation’s higher LIHTC equity investment, but the increment
is only 2 percent
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TIF ameliorates the ε-shock effect on affordability

The ε-shock can be interpreted as underlying frictions of the housing market, e.g., zoning constraints and NIMBYism.

Here we fix ε1(2) = 1

We follow Glaeser and Gyourko (2003) and measure affordability as the ratio of house prices to housing construction costs, i.e.,

pk (s)/CCk . The lower this, the more affordable is housing in jurisdiction k at state s
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%#########################################################################################

%\section{Introduction}

%#########################################################################################

 % \frame{
%\frametitle{\textbf{Homelessness and the lack of affordable housing in the US}}
%Los Angeles, New York, and other cities in America are struggling to cope
%with the problem of homelessness and the lack of affordable housing.
%
%\quad
%
%On a single night in January 2015, more
%than 560,000 people nationwide were homeless, meaning they slept outside, in
%an emergency shelter, or in a transitional housing program. Almost a quarter were children.
%
%\quad
%
%Homeownership is
%hovering at 20-year lows, while about half of renters struggle to pay their
%landlords.
%
%\quad
%
%There is simply not enough housing available to provide
%affordable units to all of the community members who are struggling to pay
%their rents or are homeless.
%
%}
%%#########################################################################################
%
%\frame{
%\frametitle{\textbf{Affordable housing}}
%\begin{figure}[h]
%%float placement: (h)ere, page (t)op, page (b)ottom, other (p)age
%\centering%
%\includegraphics[width=4in,height=4in,keepaspectratio]{Why_housing_is_not_affordable_in_Dane_County.png}
%%\caption{}
%%\label{pictureLIHTC}
%\end{figure}
%}

%#########################################################################################

%#########################################################################################

%\frame{
%\frametitle{\textbf{Affordable housing}}
%In the last decades, federal and local housing authorities have attempted to ameliorate the problem of housing affordablity. Two approaches:
%\begin{itemize}
%\item Demand based subsidies, e.g., housing vouchers
%\item Supply based subsidies
%\end{itemize}
% The most important financial programs  in the US are the LIHTC  and the TIF programs
%
%\begin{figure}[h]
%%float placement: (h)ere, page (t)op, page (b)ottom, other (p)age
%\centering%
%\includegraphics[width=3.5in,height=3.75in,keepaspectratio]{picture_building.png}
%%\caption{}
%%\label{pictureLIHTC}
%\end{figure}
%}

%#########################################################################################
%  \frame{
%\frametitle{\textbf{The TIF program}}
%
%%The most important financial programs to increase the supply of affordable housing in the US are the
%% Low Income Housing Tax Credit (LIHTC ) and the Tax Incremental Financing (TIF) programs
%%
%%\quad
%
%\textbf{Tax Increment Financing (TIF)} is a municipal development tool that
%allows developers to use tax dollars to spur private development in a
%predefined TID.
%
%\quad
%
%In essence, a developer
%receives a loan that is paid back in subsequent periods using part (or all)
%of the property taxes that the new real estate asset generates.
%
%}

%#########################################################################################

\frame{
\frametitle{\textbf{TIF example}}
\begin{table}[h]
\centering
\begin{tabular}{|ll|}
\hline
Original Tax Basis  & \$100,000 \\
New Tax Basis & \$500,000 \\
Increment & \$400,000 \\
Ten Year Increment & \$4,000,000 \\
Loan Amount & \$2,000,000 \\
Debt Service (Annual) & \$200,000 \\
Excess Funds (Annual) & \$200,000 \\ \hline
\end{tabular}%
\caption{\tiny{In this example we consider an existing structure that generates
\$100,000 annually in property taxes, and a new development that increase
tax revenue to \$500,000 annually after construction is completed. Thus,
there is a difference of \$400,000 per year. After 10 years, the increment
becomes \$4,000,000. The tax recipients only take the original tax basis,
the \$100,000 annually in this example, and the remaining \$400,000 is given
back to the original lender, either the bond owners or the bank. We assume
that the developer only gets a TIF loan equal to 50\% of the increment. In
this case, the developer still pays back \$400,000 every year for the next
10 years. However, the city is not using the full \$400,000 for debt
servicing; it is only using \$200,000 for debt service. The remaining
\$200,000 can be distributed to the tax recipients, or it can be used for
infrastructure development. }}
\label{TableTIF}
\end{table}
}

%#########################################################################################
%
%\frame{
%\frametitle{\textbf{The timeline of a TIF District}}
%\begin{figure}[h]
%%float placement: (h)ere, page (t)op, page (b)ottom, other (p)age
%\centering%
%\includegraphics[width=5.10in,height=6.55in,keepaspectratio]{TIF_timeline.png}
%\caption{\tiny Source: The Wisconsin Taxpayer}
%%\label{pictureLIHTC}
%\end{figure}
%}
%
%
%%#########################################################################################
%  \frame{
%\frametitle{\textbf{The LIHTC program}}
%
%Under the
%{\color{red}{LIHTC program}}, each state receives an annual allocation of tax credits, and
%then distributes theses tax credits among developers according to a
%well-defined Qualified Allocation Plan (QAP).
%
%\quad
%
%Developers raise income by
%selling their LIHTCs to national investors (e.g., Prudential Financial and
%AEGON USA Realty Advisors).
%
%\quad
%
%Typical LIHTC transactions allocate a 99.99\%
%share of the ownership entity to the investor that buys the tax credits,
%while the developers keeps the remaining 0.01\%.
%
%}

%#########################################################################################


\frame{
\frametitle{\textbf{Low Income Housing Tax Credit (LIHTC)}}
\begin{figure}[h]
%float placement: (h)ere, page (t)op, page (b)ottom, other (p)age
\centering%
\includegraphics[width=4.15in,height=4.25in,keepaspectratio]{pictureLIHTC.png}
\caption{This figure illustrates a typical LIHTC deal, in which a developer
is allocated \$1 million in tax credits and the market price of these
credits is \$0.90. Mathematically, $\$0.90 * \$1 million * 99.99\%= \$899,910 $}
\label{pictureLIHTC}
\end{figure}
}


%#########################################################################################

\frame{
\frametitle{\textbf{Goal}}
Our goal is to examine the role of TIF and LIHTC on affordable
housing development.

\begin{itemize}
\item Can a TIF policy implement an equilibrium where the construction of affordable housing
becomes feasible (it passes the \textquotedblleft \textit{but for}%
\textquotedblright\ test)?

\quad

\item Is TIF effective in ameliorating a housing
affordability crisis resulting from frictions in the housing market (e.g.,
zoning constraints and NIMBYism)?

\quad

\item Does TIF induce global corporations to rebalance their LIHTC equity portfolios?
\end{itemize}

}


%#########################################################################################

%\section{The model}


\frame{
\frametitle{\textbf{The model}}

We consider an economy with two jurisdictions, $k_{1}$ and $k_{2}$.

\quad


 {\color{blue}Local developers} provide affordable
housing to {\color{blue}local poor households}, and finance these investments with a
mixture of debt, TIF, and LIHTC equity

\quad

The other agents in our model are 1) {\color{blue}local rich households} who
lend money in the debt market to consume in the second period, 2) a
{\color{blue}corporation} that buys LIHTCs in both jurisdictions, and 3) a {\color{blue}company} that
owns and sells construction materials in the first period.

}
%
%\frame{
%\frametitle{\textbf{The model}}
%
%At $t=1$ there is a numeraire good and two construction materials. We denote the respective consumptions by  $x_{10}$, $b_{11}$, $b_{12}$
%
%\quad
%
%At $t=2$ there is a numeraire good and affordable housing in each jurisdiciton. We denote the respective consumptions by  $x_{0}(s)$, $a_{1}(s)$, $a_{2}(s)$
%
%\quad
%
%The sets of agents in jurisdictions $k_{1}$ and $k_{2}$ are $\mathbf{k}%
%_{1}=\{h_{1},H_{1},d_{1},c,m\}$ and $\mathbf{k}_{2}=\{h_{2},H_{2},d_{2},c,m\} $, respectively
%
%\quad
%
%Endowments are such that $\omega_{10}^{H_k}>0$, $\omega_{10}^{c}>0$, $\omega_{11}^{m}>0$, $\omega_{12}^{m}>0$, $\omega^{h_k}_{0}(s)>0$
%
%}
%
%%############################################################################
%
%\frame{\frametitle{\textbf{Affordable housing development}}
%In $t=1$  developers purchase
%construction materials for development
%\begin{equation*}
%\textcolor{darkblue}{y_{j_k}^{d_k}=TPF_k (b_{11}^{d_k})^{\alpha _{k}} (b_{12}^{d_k})^{1-\alpha _{k}}}
%\end{equation*}
%%\textbf{Important}: local authority $k$ chooses $\alpha$
%
%%\pause
%\quad
%
%At state $s$ in $t=2$, the cash flow of the builiding is
%\begin{equation*}
%\textcolor{darkblue}{p_{k}(s)f(y_{j_k}^{d_k})(s)}
%\end{equation*}
%
%%\pause
%\quad
%
%where
%\begin{equation*}
%\textcolor{darkblue}{f(y_{j_k}^{d_k})(s)=\varepsilon_k(s) y_{j_k}^{d_k} }
%\end{equation*}
%}
%
%%#########################################################################################
%
%
%\frame{
%\frametitle{\textbf{Developer's financial tools}}
%Local developers have no commodity endowments in the first period
%
%\quad
%
%\textbf{Traditional financing}:
%\begin{itemize}
%\item Debt: Borrower receives $-\tau D^{a}>0$ in $t=1$ and pays $r(s)D^{a}$ at state $s$ of $t=2$, subject to
%$D^{a}\geq -\bar{D}^{a}$
%
%\quad
%
%\item Equity: $E_{k}^{d_{k}}+E_{k}^{c}=E_{k}$
%\end{itemize}
%
%\quad
%
%\textbf{``Financing subsidies'' for affordable housing development}
%\begin{itemize}
%\item Low Income Housing Tax Credit (LIHTC)
%
%\quad
%
%\item Tax Incremental Financing (TIF)
%\end{itemize}
%}
%
%%############################################################################
%
%\frame{
%\frametitle{\textbf{Incorporating LIHTC into our model}}
%Assumptions:
%\begin{itemize}
%\item Company $c$ sets aside an amount $\omega _{10}^{c}$ to buy LIHTCs
%\item Developer $d_{k}$ receives a LIHTC allocation of $\hat{T}_{k}^{d_{k}}>0$
%\end{itemize}
%
%
%\quad
%
%Corporation $c$ and developer $d_k$ choose how many LIHTCs to buy at market price $q_k$, subject to market
%feasibility:
%
%\quad
%
%$T_{k}^{c}+T_{k}^{d_{k}}=\hat{T}_{k}^{d_{k}}$
%
%\quad
%
%The equity stakes that corporation $c$ and developer $d_{k}$
%decide to hold in property $j_{k}$ are
%
%\quad
%
%$E_{k}^{c}=0.9999T_{k}^{c} $
%
%$E_{k}^{d_{k}}=(\hat{T}_{k}^{d_{k}}-T_{k}^{c})+0.0001T_{k}^{c}$
%}
%
%
%%#########################################################################################
%
%\frame{
%\frametitle{\textbf{Property taxes}}
%Jurisdiction $k$ has fixed ($\lambda$) and variable ($\eta$) costs, but can raise taxes
%\begin{equation*}
%\pi _{k}\equiv \sum_{i\in \mathbf{k}}\gamma _{k}E_{k}^{i}-\left( \lambda
%_{k}+\eta _{k}\sum_{i\in \mathbf{k}}E_{k}^{i}\right)
%\end{equation*}
%
%\quad
%
%\begin{itemize}
%%\item Fiscal policy: $\gamma _{j_k}$
%
%\item Redistribution policy: $\sum_{i\in \mathbf{k}}\delta_k^i=1$
%\end{itemize}
%
%\textbf{Remark}: We assume a \textit{pass-through taxation} model, where the owners of the property are responsible for the property
%taxes and other expenses. This form of taxation includes Limited Liability Companies, one of most prevalent
%business forms in the United States
%}
%
%%############################################################################
%
%\frame{
%\frametitle{\textbf{Incorporating TIF into the model}}
%
%\small \begin{equation*}
%(x_{10}^{i}-\tilde{\omega}_{10}^{i})+\sum_{l=1,2\text{ }}p_{1l}(b_{1l}^{i}-%
%\omega _{1l}^{i})+\tau D^{i}+\sum_{k\in \mathbf{K}^{i}}q_{k}0.9999(T_{k}^{i}-%
%\hat{T}_{k}^{i})+\gamma _{k}E_{k}^{i}\leq 0
%\end{equation*}
%$\tilde{\omega}_{10}^{i}\equiv \omega
%_{10}^{i}+\sum_{k\in \mathbf{K}^{i}}\delta _{k}^{i}\pi _{k}$ in the budget
%constraint at $t=1$
%
%\quad
%
%When agent $a$ is a developer, transfer $\delta _{k}^{d_{k}}\pi _{k}$ can be seen as TIF
%
%\quad
%
%Jurisdiction $k$ transfers some resources to developer $d_{k}$ in period 1,
%(partially) offsetting its property taxes, and thus making its budget
%constraint in the first period less binding
%
%\quad
%
%This in turn allows the
%developer to spend more resources on the development project if deemed
%necessary (optimality is a necessary condition for this argument to hold in
%equilibrium).
%
%}
%
%%##################################################################################
%
%
%\frame{
%\frametitle{\textbf{Reduced form budget constraints}}
%The developer $d_{k}$'s budget constraints in period 1
%and state $s$ of the second period are, respectively:%
%{\small
%\begin{gather*}
%p_{11}b_{11}^{d_{k}}+p_{12}b_{12}^{d_{k}}+\gamma _{k}0.9999T_{k}^{d_{k}}\leq
%\delta _{k}^{d_{k}}\pi -\tau D^{d_{k}}+q_{k}0.9999(\hat{T}%
%_{k}^{d_{k}}-T_{k}^{d_{k}})
%\end{gather*}%
%
%%\quad
%
%We can rewrite the developer $d_{k}$'s budget constraint in $t=1$ as
%follows:%
%\begin{equation*}
%ConstructionCost_{k}+\mathit{PropertyTax}%
%_{k}^{d_{k}}=TIF_{k}+Debt^{d_{k}}+LIHTC_{k}^{c}  \label{TIF}
%\end{equation*}%
%
%%\quad
%
%\begin{gather*}
%x_{0}^{d_{k}}(s)\leq rD^{d_{k}}+T_{k}^{d_{k}}+p_{k}(s)\varepsilon
%_{k}(s)TFP_{k}(b_{11}^{d_{k}})^{\alpha _{k}}(b_{12}^{d_{k}})^{1-\alpha
%_{k}}((\hat{T}_{k}^{d_{k}}-0.9999T_{k}^{c})/\hat{T}_{k}^{d_{k}})
%\end{gather*}%
%}
%
%%\quad
%}
%\frame{
%\frametitle{\textbf{Reduced form budget constraints}}
%The corporation's budget constraints in the first period and at state $s$ are, respectively:%
%{\small
%\begin{gather*}
%\sum_{k}(q_{k}+\gamma _{k})0.9999T_{k}^{c}\leq \omega _{10}^{c}  \label{BCc0}
%\end{gather*}
%
%\begin{gather*}
%x_{0}^{c}(s)\leq \sum_{k}\left( T_{k}^{c}+p_{k}(s)\varepsilon
%_{k}(s)TFP_{k}(b_{11}^{d_{k}})^{\alpha _{k}}(b_{12}^{d_{k}})^{1-\alpha
%_{k}}(0.9999T_{k}^{c}/\hat{T}_{k}^{d_{k}})\right)   \label{BCcs}
%\end{gather*}
%}
%}
%
%%##################################################################################
%
%\frame{
%\frametitle{\textbf{Budget constraints}}
%\begin{itemize}
%\item Agent $a$'s budget constraints in period 1 is
%{\small {$$\hspace{-1.5cm}(x_{10}^{i}-\tilde{\omega}_{10}^{i})+\sum_{l=1,2\text{ }}p_{1k}(b_{1l}^{i}-%
%\omega _{1l}^{i})+\tau D^{i}+\sum_{k\in \mathbf{K}^{i}}q_{k}0.9999(T_{k}^{i}-%
%\hat{T}_{k}^{i})+\gamma _{k}E_{k}^{i}\leq 0$$}}
%
%\item Agent $a$'s budget constraints at $s\in \mathbf{S}$\ of period 2 is
%$$\hspace{-1.5cm}(x_{0}^{i}(s)-\omega _{0}^{i}(s))+\sum_{k\in \mathbf{K}%
%^{i}}p_{k}(s)a_{k}^{i}(s)\leq r(s)D^{i}+\sum_{k\in \mathbf{K}%
%^{i}}(T_{k}^{i}+p_{k}(s)f_{k}(E_{k}^{i})(s))$$
%\end{itemize}
%}
%

%#################################################################################


\frame{
\frametitle{\textbf{Competitive equilibrium}}
A competitive equilibrium consist of a vector $(x^{A},D^{A},E^{A},p,q,\tau ,(\pi_k)_{k\in \mathbf{K}}),$ such that

\begin{itemize}
\item Each agent maximizes utility
%\begin{equation*}
${\tiny{u^{i}(x^{i})=\theta _{10}^{i}\ln x_{10}^{i}+\sum_{s=s_{1},s_{2}}\left( \theta _{0}^{i}(s)\ln
x_{0}^{i}(s)+\sum_{k=1,2}\theta _{k}^{i}(s)\ln a_{k}^{i}(s)\right) }}$
%\end{equation*}%
subject to budget constraints, debt short sale constraints, and sign constraints $T^i_k \geq 0$

\quad

\item Jurisdition's profit function $\pi _{k}$ determined by agents' equity choices

\quad

\item Market clearing for debt (global), equity (local), affordable housing (local), numeraire (global), construction materials (global)
\end{itemize}

\bigskip

\textbf{Theorem 1}: Under assumptions... the competitive equilibrium set is non-empty.

%\quad
%
%\textbf{Proposition 1}:
}

%############################################################################
%
%\frame{
%\frametitle{\textbf{Key assumptions}}
%
%\textbf{Assumption 3: }(\textbf{i}) $f_{j_{k}}(\cdot )(s)$\textbf{\ }\textit{%
%is additively separable and homogeneous of degree 1; }\textbf{(ii})\textit{\
%for every }$k\in \mathbf{K}$\textit{\ and }$l\in \mathbf{L}_{2},$\textit{\ }$%
%f_{lj_{k}}$\textit{\ is increasing and concave; \textbf{(iii}) and for all }$%
%k\in \mathbf{K}$ \textit{and }$\,s\in \mathbf{S}$, $f_{j_{k}}(y)(s)\neq 0$%
%\textit{\ when }$y\neq 0.$
%
%\bigskip
%
%\textbf{Assumption 5: }\textit{For all agents }$i\in \mathbf{I},$ $\omega
%_{10}^{i}>(\lambda (\alpha _{k})+\varepsilon (\alpha _{k}(1+\mathcal{K}))%
%\mathcal{K},$ $\omega _{1l}^{i}>0,\forall \,l\in \mathbf{L}_{1},$ \textit{and
%}$\omega _{0}^{i}(s)>0.$ \textit{Moreover, for all developers }$d_{k}\in
%\mathbf{D},$ $\omega _{10}^{d_{k}}>g_{j_{k}}(\tilde{y}_{j_{k}}^{d_{k}})$,
%\textit{where }$\tilde{y}_{j_{k}}^{d_{k}}=TPF_k (b_{11}^{d_k})^{\alpha _{k}} (b_{12}^{d_k})^{1-\alpha _{k}}$
%
%\bigskip
%
%\textbf{Assumption 6:} \textit{For any agent }$i\in \mathbf{I}$ \textit{and\
%\thinspace any }$i\in X^{i}$, \textit{there exists a bundle }$\varrho
%(\theta ,x)\in \mathbb{R}_{+}^{1+\mathbf{L}_{1}}$,\textit{\ given }$\theta
%\in (0,1)$, \textit{such that }$u^{i}(x_{1}+\varrho (\theta ,x),(\theta
%(x(s))_{s=1,...,S})>$ $u^{i}(x_{1},(x(s))_{s=1,...,S}).$
%
%}
%
%
%
%
%
%%############################################################################
%
%
%\frame{
%\frametitle{\textbf{Assumptions on debt and LIHTC}}
%
%\textbf{\ Assumptions on debt:\ }\textit{We assume that debt is
%risk-free, in the sense that }$r(s)=\bar{r}$\textit{\ for }$s=s_{1},s_{2}$.%
%\textit{\ In addition to developers, only rich households have access to the
%debt market. Thus, we impose }$D^{m}=D^{c}=0.$ \textit{Lastly, we assume that low-income
%households cannot lend their first period lump-sum transfer (if }$\delta
%_{k}^{h_{k}}>0$\textit{) in the debt market and therefore }$%
%D^{h_{1}}=D^{h_{2}}=0.$
%
%\quad
%
%\textbf{\ Assumptions on LIHTCs:\ }\textit{Because the LIHTC market of
%an affordable housing development project }$j_{k}$\textit{\ is restricted to
%developer }$d_{k}$\textit{\ and corporation }$c$\textit{, we set }$%
%T_{k}^{h_{k}}=T_{k}^{h_{k^{\prime }}}=T_{k}^{H_{k}}=T_{k}^{H_{k^{\prime
%}}}=T_{k}^{m}=T_{k}^{d_{k^{\prime }}}=0$\textit{\ with }$k^{\prime }\neq k$%
%\textit{. Accordingly, we set }$E_{k}^{h_{k}}=E_{k}^{h_{k^{\prime
%}}}=E_{k}^{H_{k}}=E_{k}^{H_{k^{\prime }}}=E_{k}^{m}=E_{k}^{d_{k^{\prime
%}}}=0.$
%}
%
%%############################################################################
%


\frame{
\frametitle{\textbf{Characterization of equilibrium}}
\textbf{Proposition 1}:\textit{\ In each jurisdiction, the }$\varepsilon $%
\textit{-shock to affordable housing development drives the house price
differential between states of nature, i.e.,}%
\begin{eqnarray*}
p_{1}(1)/p_{1}(2) &=&\varepsilon _{1}(2)/\varepsilon _{1}(1)
\label{Prices_material1} \\
p_{2}(1)/p_{2}(2) &=&\varepsilon _{2}(2)/\varepsilon _{2}(1)
\label{Prices_material2}
\end{eqnarray*}%
\textit{\ }

\quad

For example, if $\varepsilon _{1}(1)<\varepsilon _{1}(2)$, then $p_{1}(1)>p_{1}(2) $. The $\varepsilon $-shock can be interpreted as an underlying friction\ of
the housing market, e.g., zoning constraints and NIMBYism

\quad

\textbf{Proposition 2: }\textit{TIF increases the construction costs in the
TIF jurisdiction}.
}

%%############################################################################
%
%\frame{
%\frametitle{\textbf{Characterization of equilibrium}}
%\textbf{Proposition 2: }\textit{The construction cost of an affordable
%housing development project in jurisdiction }$k$ \textit{increases in the
%discount price of debt }$\tau $\textit{, the poor household }$h_{k}$\textit{%
%'s housing voucher }$\omega _{0}^{h_{k}}(1)=\omega _{0}^{h_{k}}(2)$\textit{\
%in the second period,} \textit{and the amount of LIHTCs }$\hat{T}_{k}^{d_{k}}
%$\textit{\ awarded to developer }$d_{k}$\textit{, and decreases in the
%amount of LIHTCs }$T_{k}^{c}$ \textit{purchased by corporation }$c$ \textit{%
%\ i.e.,}%
%\begin{equation*}
%\underset{\text{construction cost of project }j_{k}}{\underbrace{%
%CC_{k}\equiv p_{11}b_{11}^{d_{k}}+p_{12}b_{12}^{d_{k}}}}\text{ }=\frac{\tau
%}{\bar{r}}\omega _{0}^{h_{k}}(1)\left( 1-0.9999\frac{T_{k}^{c}}{\hat{T}%
%_{k}^{d_{k}}}\right)
%\end{equation*}
%
%This  result is independent of the number and degree of
%sustitutability between construction materials
%
%\quad
%
%If the corporation decides to rebalance its portfolio
%of LIHTC equity toward another jurisdiction $k^{\prime }$, construction
%costs in jurisdiction $k$ will increase
%
%}


%############################################################################

\frame{
\frametitle{\textbf{Characterization of equilibrium}}
\textbf{Proposition 3: }\textit{The corporation's LIHTCs }$T_{k}^{c}$
\textit{decreases in the developer }$d_{k}$\textit{'s loan amount and the
amount of TIF awarded to developer }$d_{k}$ \textit{by jurisdiction }$k$, i.e.,%
\begin{equation*}
{\small
T_{k}^{c}=\frac{\hat{T}_{k}^{d_{k}}r}{2\cdot  \omega
_{0}^{h_{k}}(1)\cdot \tau }\left( \frac{\tau }{r}\omega _{0}^{h_{k}}(1)+%
\underset{\text{taxes}}{\underbrace{\gamma _{k}\hat{T}%
_{k}^{d_{k}}}}-\underset{\text{loan}}{\underbrace{%
\omega _{10}^{H_{k}}}}-\underset{\text{TIF}_{k}}{\underbrace{\delta
^{d_{k}}((\gamma _{k}-\eta _{k})\hat{T}_{k}^{d_{k}}-\lambda _{k})}}\right)
}
\end{equation*}

Proposition 3 provides a first insight into the role of municipal public
policy on global capital markets.

\quad

Roughly speaking, TIF crowds out global
investors' holdings of real estate equity in the TIF jurisdiction

}

%############################################################################
%
%\frame{
%\frametitle{\textbf{Assessing the role of TIF}}
%{\small Endowments are $%
%\omega _{11}^{m}=\omega _{12}^{m}=\omega _{0}^{m}(1)=\omega
%_{0}^{m}(1)=\omega _{10}^{c}=1$, $\omega _{10}^{H_{1}}=\omega
%_{10}^{H_{2}}=1 $, $\omega _{0}^{h_{1}}(s)=\omega _{0}^{h_{2}}(s)=0.5,$ $%
%s=s_{1},s_{2}$
%
%\quad
%
%The risk-free rate is $\bar{r}=1$.
%
%\quad
%
%The lower
%bound on the developer $d_{k}$'s debt is $\bar{D}%
%^{d_{k}}=1$.
%
%\quad
%
%Uncertainty is captured by $%
%\varepsilon _{1}(1)=\varepsilon _{2}(1)=1$, $\varepsilon _{1}(2)=\varepsilon
%_{2}(2)=0.5$.
%
%\quad
%
%The TFP parameters are normalized to 1
%
%\quad
%
%The $\alpha $-parameters of the production
%functions are $\alpha _{1}=1$ and $\alpha _{2}=0$
%
%\quad
%
%Property taxes are $\gamma_{1}=\gamma _{2}=0.5$
%
%\quad
%
%Variable and fixed costs are $\eta _{1}=\eta _{2}=0.1$
%and $\lambda _{1}=\lambda _{2}=0.01$, respectively
%
%\quad
%
%LIHTCs endowments are $\hat{T}_{1}^{d_{1}}=\hat{T}_{2}^{d_{2}}=0.4995.$
%}
%}


%############################################################################

%\frame{
%\frametitle{\textbf{Assessing the role of TIF}}
%\small
%\textbf{Example 1}: No TIF: $\delta_{1}^{h_{1}}=1$ and $\delta_{2}^{h_{2}}=1$
%
%\textbf{Example 2}: With TIF: $\delta _{1}^{d_{1}}=0.5$ and $\delta _{2}^{d_{2}}=0$
%
%
%\begin{table}[h]
%\centering
%\begin{tabular}{l||ll|ll|}
%\cline{2-5}
%& \multicolumn{2}{||l|}{\textbf{Example 1}} & \multicolumn{2}{|l|}{\textbf{%
%Example 2}} \\
%& $k_{1}$ & $k_{2}$ & $k_{1}$ & $k_{2}$ \\ \hline\hline
%{$q_{k}$} & 4.50 & 4.50 & 4.69 & 4.69 \\ \cline{1-1}
%{$\tau $} & 2.50 & 2.50 & 2.60 & 2.60 \\ \cline{1-1}
%{$p_{1k}$} & 1.00 & 1.00 & \color{red}{1.07} & \color{red}{1.02} \\ \cline{1-1}
%{$D^{d_{k}}$} & -0.40 & -0.40 & -0.38 & -0.38 \\ \cline{1-1}
%{$T_{k}^{c}$} & 0.10 & 0.10 & \color{red}{0.09} & \color{red}{0.11} \\ \cline{1-1}
%{$T_{k}^{d_{k}}$} & 0.40 & 0.40 & 0.41 & 0.39 \\
%\cline{1-1}
%\hline
%\end{tabular}%
%\end{table}
%}

%############################################################################
\frame{
\frametitle{\textbf{Assessing the role of TIF}}
\small
\textbf{Example 1}: No TIF: $\delta_{1}^{h_{1}}=1$ and $\delta_{2}^{h_{2}}=1$

\textbf{Example 2}: With TIF: $\delta _{1}^{d_{1}}=0.5$ and $\delta _{2}^{d_{2}}=0$


\begin{table}[h]
\centering
\begin{tabular}{l||ll|ll|}
\cline{2-5}
& \multicolumn{2}{||l|}{\textbf{Example 1}} & \multicolumn{2}{|l|}{\textbf{%
Example 2}} \\
& $k_{1}$ & $k_{2}$ & $k_{1}$ & $k_{2}$ \\ \hline\hline
{$TIF_{k}$} & 0.00 & 0.00 & 0.11 & 0.00 \\ \cline{1-1}
{$LIHTC_{k}^{c}$} & 0.45 & 0.45 & 0.41 & 0.49 \\ \cline{1-1}
%{$Equity^c_{k}$} & 0.45 & 0.45 & 0.41 & 0.49 \\ \cline{1-1}
{$Debt^{d_{k}}$} & 1.00 & 1.00 & 1.00 & 1.00 \\ \cline{1-1}
{$ConstructionCost_{k}$} & 1.00 & 1.00 & 1.07 & 1.02 \\ \cline{1-1}
{$PropertyTax_{k}^{d_{k}}$} & 0.20 & 0.20 & 0.21 & 0.20 \\ \hline\hline
%{} &  &  &  &  \\
%{$TIF_{k}/Equity^c_{k}$} & 0.00 & 0.00 & 0.26 & 0.00 \\ \cline{1-1}
%{$LIHTC_{k}^{c}/Equity^c_{k}$} & 1.00 & 1.00 & 1.00 & 1.00 \\ \cline{1-1}
%{$Debt^{d_{k}}/Equity^c_{k}$} & 2.22 & 2.22 & 2.45 & 2.02 \\ \cline{1-1}
%{$ConstructionCost_{k}/Equity^c_{k}$} & 2.22 & 2.22 & 2.62 & 2.07 \\
%\cline{1-1}
%{$PropertyTax_{k}^{d_{k}}/Equity^c_{k}$} & 0.44 & 0.44 & 0.51 & 0.40 \\
\hline
\end{tabular}%
\end{table}
}

%############################################################################

\frame{
\frametitle{\textbf{Assessing the role of TIF}}
\small
{\color{blue}\textbf{\textquotedblleft But for\textquotedblright\ test: }} The development project will not
materialize if the developer feels the expected profit without TIF is not
large enough given the risk.

\quad

We take $\theta
_{0}^{d_{k}}(s_{1})=\theta _{0}^{d_{k}}(s_{2})=1$ for both developers $d_{1}$
and $d_{2}$. Then, the local developer's expected utility in Example 1 is equal to {\color{red}{$\ln 0.8999$}}. This utility can be
seen as a proxy of the developer's profitability from constructing
affordable housing.

\quad

It stands to reason that affordable housing will not be
developed if local developers require a expected indirect utility greater
than  {\color{red}{$\ln 0.9000.$}}

\quad

$TIF_{1}$ increases the developers $d_{1}$ and $d_{2}$'s expected
utility (a proxy of profitability) from  {\color{red}{ln0.8999}} to  {\color{red}{ln0.9423}} for developer $%
d_{1} $ and from  {\color{red}{ln0.8999}} to  {\color{red}{ln0.9036}} for developer $d_{2}$. Thus, affordable
housing development passes the \textquotedblleft but for \textquotedblright\
test.
}

%############################################################################


\frame{
\frametitle{\textbf{Assessing the role of TIF}}
A TIF policy of $TIF_{1}=0.11$ has the following effect on the {\color{blue}corporation's LIHTC equity portfolio}:

\quad

\begin{itemize}
\item $TIF_{1}$ induces the corporation to rebalance its portfolio of LIHTC
equity toward jurisdiction $k_{2}$ by 8.9 percent.
\end{itemize}

%\pause

\quad

%$TIF_{1}$ increases the \textit{total debt to corporation's equity} ratio in
%jurisdiction $k_{1}$ by 10.36 percent. In jurisdiction $%
%k_{2}$, this ratio decreases by 9.90 percent
%
%\quad
%
%{\small \textbf{Remark}: If the corporation would only tolerate a debt to equity ratio below 2.23, then the project
%with TIF would fail, since the new ratio in
%Example 2 increases to 2.45.
%
%\quad
%
%\textbf{Remark}:  If each jurisdiction had its own local corporation that
%could not invest across locations, then the equilibrium total debt to
%corporation's equity ratio would barely change after jurisdiction $k_{1}$
%decides to implement a TIF policy}

A TIF policy of $TIF_{1}=0.11$ has the following effects on {\color{blue}construction costs}:

\quad

\begin{itemize}


\item Construction costs in jurisdiction $k_{1}$ by 7 percent
due to the additional developer $d_{1}$'s resources coming from $TIF_{1}$

\quad

\item Construction cost in
the no TIF jurisdiction $k_{2}$ also increase due to the corporation's
higher LIHTC equity investment, but the increment is only 2 percent

\end{itemize}
}


%############################################################################


\frame{
\frametitle{{\small \textbf{TIF ameliorates the $\varepsilon$-shock effect on affordability}}}
{\tiny The {\color{blue}$\varepsilon $-shock} can be interpreted as underlying frictions\ of the
housing market, e.g., zoning constraints and NIMBYism.

Here we fix $\varepsilon _{1}(2)=1$
%
%Here we look at the effect of $TIF_{1}$ on housing
%affordability in jurisdiction $k_{1}$ for different values of parameters $%
%\varepsilon _{1}(1)$ and $TIF_{1}$
}

\begin{figure}[h]
%float placement: (h)ere, page (t)op, page (b)ottom, other (p)age
\centering%
\includegraphics[width=4in,height=4in,keepaspectratio]{Fig2}
%\caption{This figure illustrates the jurisdiction $k_{1}$ and $k_{2}$'s
%rent-to-construction-cost indexes as a function of $TIF_{1}$ (in terms of $%
%\protect\delta ^{d_{1}}$) and shock $\protect\varepsilon _{1}(1)$.}
\end{figure}
%\end{center}
{\tiny We follow Glaeser and Gyourko (2003) and
measure affordability as the ratio of house prices to housing construction
costs, i.e., $p_{k}(s)/CC_{k}$. The lower this,
the more affordable is housing in jurisdiction $k$ at state $s$}
}


%############################################################################

%\frame{
%\frametitle{\textbf{Conclusions}}
%\begin{itemize}
%\item A TIF policy can
%implement an equilibrium where the construction of affordable housing
%becomes feasible (it passes the \textquotedblleft \textit{but for}%
%\textquotedblright\ test)
%
%\quad
%
%\item TIF is also effective in ameliorating a housing
%affordability crisis resulting from frictions in the housing market (e.g.,
%zoning constraints and NIMBYism).
%
%\quad
%
%\item However, TIF has the pervasive effects of
%increasing the construction costs and the ratio of debt to corporation's
%equity
%
%\quad
%
%\item TIF also has implications for global corporations that buy LIHTCs:
%it induces them to rebalance their portfolios of LIHTC equity away from
%municipalities that rely on TIF
%\end{itemize}
%}

%
%\frame{
%\frametitle{\textbf{Open questions for future research}}
%Extend our theory to allow for \textbf{information asymmetries} between the
%developer and municipal authorities.
%For example, public overinvestment in an area may require more private
%development to repay the infrastructure costs. If this additional
%development does not materialize, the municipality may choose to increase
%property taxes or incur in a larger deficit.
%
%\quad
%
%\quad
%
%
%Another important issue with TIF is that sometimes the costs of increased
%public services are paid by the residents and businesses outside the TID
%(see The Wisconsin Tax Payer\ 2009). A \textbf{political economic theory} should be
%developed to understand the opposition to TIF of certain groups at a higher\ hierarchy level
%(e.g., at the state level)
%}
%\frame{
%\frametitle{\textbf{Open questions for future research}}
%Incorporate \textbf{collateralized non-recourse mortgage debt}. With this approach
%we would be able to understand the impact of default risk on affordable
%housing development.
%
%\quad
%
%Allow for heterogeneous households within a jurisdiction. With this extension we would
%be able to understand the impact of TIF and LIHTC on \textbf{housing price externalities} across the
%different residential real estate assets in a jurisdiction
%
%\quad
%
%Allow for the issuance of \textbf{municipal bonds} to finance the deficit of a
%jurisdiction with an ambitious housing program. In this setting, we would be
%able to examine the impact of liquidity in the municipal bond market on
%affordable housing development.
%
%
%}
%
%
%%#########################################################################################
%
% \frame{
%\frametitle{\textbf{Contribution to the literature}}
%
%\begin{itemize}
%
%\item Real estate finance and development
%
%\quad
%
%\item Capital structure theory
%
%\quad
%
%\item Competitive market economies with incomplete markets
%
%\quad
%
%\item Financial innovation
%
%\quad
%
%\item Competition among jurisdictions
%\end{itemize}
%}
%
%%#########################################################################################
%
% \frame{
%\frametitle{\textbf{Literature on real estate development}}
%The literature has approached this problem
%with
%\begin{itemize}
%\item real options pricing partial equilibrium model (Titman 1985,
%Capozza and Helsley 1990,  Childs, Riddiough, and
%Triantis 1996, Williams 1991, and Grenadier 1995)
%\item GE setting with entrepreneurial
%developers and a housing/land market (Henderson 1974, Helsley and Strange 1997, and Konishi 2013)
%\end{itemize}
%
%\quad
%
%Our paper proposes a different approach by considering
%a GE model that focuses on the financing aspects of commercial real estate
%development when jurisdictions compete to attract real estate equity investments
%
%\quad
%
%Our paper also departs from this
%literature in that it captures how global capital markets influence local fiscal policy
%}
%
%%#########################################################################################
%
% \frame{
%\frametitle{\textbf{Literature on capital structure}}
%The \textbf{question of what determines the capital structure of a firm} has been extensively researched
% since Modigliani and Miller
%%(1958, 1963)
%%Significant contributions are Miller (1977), Jensen and Meckling (1976), Kraus and Litzenberger (1973), and DeAngelo and Masulis (1980)
%
%\quad
%
%The literature has expanded and recently the focus has been on \textbf{financial intermediation} (Allen, Carletti and Marquez 2015, Gale and Gottardi 2015\&2017, and Amaral,
%Corbae, and Quintin 2017)
%
%\quad
%
%Capital structure theory is not as well developed for \textbf{real
%estate}. Most research is empirical
%and existing theoretical papers rely on a partial equilibrium reduced form analysis  (Gau and Wang 1990, Giambona, Mello, and Riddiough 2016)
%
%\quad
%
%We exploit the \textbf{trade-off between equity taxes
%and leverage}, but leave aside other considerations such as agency costs and default risk.
%}
%
%%#########################################################################################
%
% \frame{
%\frametitle{\textbf{Literature of competitive economies with incomplete
%markets}}
%
%Developers are subject to short sale constraints and markets can be incomplete (Diamond 1967, Radner 1974, and Grossman and Hart 1979)
%
%\quad
%
%We focus on income-producing real estate
%assets that generate cash flows which are dependent on the market
%price of the goods sold in local segmented markets. In our model similar real estate assets
%in different jurisdictions can generate different cash flows
%
%\quad
%
%We allow for
%multiple construction inputs in the development phase and also for multiple commercial goods. We are not able
%to establish the efficiency property of a decentralized competitive economy (Geanakoplos and
%Polemarchakis 1986). In this sense, our work departs from Gale and Gottardi (2017)
%
%}
%
%%#########################################################################################
%
% \frame{
%\frametitle{\textbf{Lit on financial innovation (Allen\&Gale 1991)}}
%We uncover the specific
%case of real estate development (creation) in a model with segmented equity and commercial good
%markets
%
%\quad
%
%Rahi and Zigrand (2009) propose an elegant two stage financial equilibrium model to analyze
%the equilibrium and welfare properties of financial innovation across segmented markets. The ability to trade across
%markets is left for arbitrageurs, who turn out to be the issuers of assets in the first stage of their
%model
%
%\quad
%
%We depart from these assumptions and allow global investors to buy real estate
%equity in multiple jurisdictions
%
%\quad
%
%Also we depart from Rahi and Zigrand (2009) in that financial innovation is not driven by
%arbitrageurs, but by the sequential actions of local jurisdiction authorities and developers
%
%
%}
%
%

%############################################################################

%
%
%
%\frame{
%\frametitle{\textbf{Low Income Housing Tax Credit (LIHTC)}}
%For each dollar of tax credits that an investor purchases, it can deduct a dollar
%from its federal income tax. Tax credits are sold at market prices
%
%\quad
%
%Each state receives an annual allocation of tax credits, and
%then distributes theses tax credits among local developers according to a
%well-defined Qualified Allocation Plan (QAP)
%
%\quad
%
%The QAP is updated every year
%or two to reflect current priorities, e.g., mixed-income development, lower-income areas, energy efficiency,
%supportive housing, serves large families, development team, etc.
%
%}
%
%
%
%%############################################################################
%
%\frame{
%\frametitle{\textbf{Tax Incremental Financing (TIF)}}
%TIF starts with the creation of a Tax Incremental District (or TID) in a city; designated with a
%specific development need, such as affordable housing
%
%\quad
%
%TIF will limit the tax revenue received by tax recepient organizations, so
%it is very important that all of them understand the financial impact of
%offering TIF to a developer
%
%\quad
%
%A municipality can often receive lower interest rates on mortgages or even use bonds to get the
%increment monies up front, and it hands those
%funds over to the developer. The developer then makes a payment back on
%these funds by simply paying its taxes
%
%}
%
%
%%############################################################################
%
%
%
%
% \frame{
%\frametitle{\textbf{Typical construction loans for affordable housing development}}
%
%\hyperlink{example}{\beamerbutton{example}} \hypertarget{loan}{\beamerbutton{example}}
%Typically have a term of 18 to 24 months, but for a very large deal 30 to 36 months may be possible.  May have a 24 month term with an extension option.
%
%\quad
%
%Construction loans are typically priced at a "spread" over a floating interest rate that resets each month. A typical spread would probably be 250 basis points over the One Month LIBOR. (One Month LIBOR is currently equal to 1.24%).  Origination fees can vary 0.5% -1.0%.
%
%
%\quad
%
%Construction loans on LIHTC developments typically bridge equity installments that are paid in later in the construction process once benchmarks are met, so the construction loan will be larger than the perm loan. As a general rule of thumb, think:
%
% "Construction loan = Permanent loan + equity instalments"
%}
%
% \frame{
%\frametitle{\textbf{Permanent loans for affordable housing development}}
%Used for properties that are currently operating and can demonstrate the ability to pay debt service
%
%\quad
%
%Properties need to submit 2 years of operational and occupancy history for review and sizing  of the loan
%
%\quad
%
%Various loan terms available - typically 15 to 18 years are most popular
%
%\quad
%
%Minimum Debt Service Coverage Ratio - 1.15
%
%\quad
%
%Loans can be structured up to 90% (with new credits) Loan To Value ; 80% Loan To Value for refinanced deals
%Non-recourse except for fraud and bad acts.
%}
%
%\end{document}
%
%
%}

%\frame{
%
%\center {{\huge Thank you.}}
%
%\vspace{2cm}
%
%\begin{center}
%\begin{tabular}{l}
%{\tiny Financial support from UID/MAT/00297/2013.}\\
%\includegraphics[scale=.2]{LogotipoCMA.jpg}\\\\
%\includegraphics[scale=.2]{FCT_H_cor.jpg}\\\\
%\includegraphics[scale=.13]{novaid_fct_unl_pt_logo}
%
%\end{tabular}
%\end{center}
%}
\end{document}
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